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Preface 


From the inception of this work, its basic idea 
has been that a medical text must remain abreast 
of medical teaching; this in him depends on scien- 
tific progress in medicine. Our concern has been 
not only with content but particularly with con- 
cept; not with mere "what” but more espedaWy 
with the “why” of disease — in short, with educa- 
tion rather than didacticism. Our experience as 
teachers of medicine at undergraduate, graduate, 
and postgraduate levels, in addition to our exciting 
but not always painless adventures as editors dur- 
ing almost two decades, have confirmed the con- 
viction that Principles of Inlernal Medicine should 
recapihilate the hfe-long educational process of a 
physician. 

A primary requisite in the educational process is 
the development of a high sense of responsibility 
toward patients and a sensitivity to the significance 
of Illness. Part One, The Physician and the Patient, 
summarizes our views concerning the attitudes and 
obligations Involved in this relationship. 

Progress in internal medicine during the present 
century has been influenced largely by unraveling 
of the basic mechanisms of disease. Modem meth- 
ods of teaching have incorporated this progress by 
introducing the student to manifestations and mech- 
anisms before taking up specific diseases. In the 
present day, it is not sufficient for the physician to 
have memorized knotrledge of the common causes 
of symptoms; he also needs an understanding of 
the mechanisms which produce them. Sucli an un- 
derstanding, which involves a familiarity with the 
abnormalities of both sbucture and function, serves 
to narrow the gap between clinical medicine and 
the preclinical sciences. The etiologic and morpho- 
logic approaches to disease, appropriate as they 
were in the nineteenth century, are not sufficient 
in the twentieth. These considerations are responsi- 
ble for our decision to devote a major portion of 
the book (Part Two) to Cardinal Manifestations 
of Disease. 

The symptoms of which patients complain not 
only afford the initial clues to the nature of the 
disease process, but they offer the optimal means 
for the establishment of a proper relationship with 
the patient. 

Furthermore, patients do not come to physicians 
bearing labels of their diseases. Rather, like Joseph, 


they wear coats of many colors, each hue indicating 
a specific manifestation and the whole representing 
a symptom complex or syndrome which may have 
multiple causes. The search for the underlying 
disease is greatly facilitated by the initial recog- 
nition of a clinical pattern. Thus the approach to 
disease through an understanding or appreciation 
of manifestations and syndromes becomes in large 
measure the consideration of those common mani- 
festations of disease which the physician encoun- 
ters daily. Furthermore, to cite an example, the 
recognition that a patient is suffering from a syn- 
drome such as pericardial effusion with tamponade 
furnishes not only a guide to treatment but also 
leads to fuTther diagnostic procedures which will 
aid the search for the specific causative disorder 

The discussion of syndromes offers the additional 
advantage that it becomes unnecessary in the de- 
scription of a single disease to elaborate in detail 
on features which are common to others Thereby 
it becomes possible to limit such discussions to 
those features which have a relatively high degree 
of specificity and to achieve a concise consideration 
of the most characteristic aspects of that particular 
disease. Diagnostic and therapeutic problems which 
are common to a number of disorders, such as the 
recognition of the underlying cause of the nephrotic 
symptom complex or the management of respira- 
tory, renal, or cardiac failure, can often be con- 
sidered best when these conditions are approached 
as syndromes rather than as diseases 

Part Three. Biologic Considerations, is concerned 
with certain broad principles of genetics, of electro- 
physiology, and of the regulation of the internal 
chemical environment. Comprehension of these 
concepts is essential for the physician who desires 
to bring to his patients the practical benefits of 
advances in the biologic sciences. 

The Parts which follow have been prepared 
along more or less conventional lines and therefore 
need no explanation. 

Since the study of medicine is a hfe-loog process, 
this book has been planned for all students of in- 
ternal medicine, whether they be undergraduates, 
young physicians receiving advanced training, busy 
practitioners, or preclinical or clinical teachers. 
However, each of these groups may prefer to use 
flie volume in a somewhat different manner. 

xlii 
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The first or second year medical student will find 
Part Two especially useful as a means of compre- 
hending the relation of the basic sciences to clini- 
cal medicine. The preclMcal teacher may End that 
this portion of the booh aids in creating interest 
in these sciences, because tlie basic principles are 
presented in a clinical framework. 

The third year medical student should read those 
areas in which are discussed the specific syndromes 
and diseases which apply to the patients he en- 
counters. The emotional impact associated with the 
problems of an individual p.itient will thus tend to 
fi.x in his mind the significance of what he reads. 
At the same time he should study again those mani- 
festations and mechanisms of disease which bis pa- 
tients present. The fourth year student should con- 
tinue this process and also should begin to narrow 
the gaps in his knowledge by learning about those 
less common diseases which he has not >et person- 
ally encountered. Thus be will supplement his un- 
derstanding of principles and his clinical erperi- 
ence by additional factual knowledge. 

Tlie clinical teacher, who emphasizes that his 
students must know what phenomena are likely to 
be present in a given disease but that they must 
also gain an understanding of the functional dis- 
tortions which produce clinical phenomena, is far 
more likely to be successful than his colleague who 
teaches by rote rather than by reason. It is well to 
recall the statement of Plato, “Knowledge which 
is acquired under compulsion obtains no hold on 
the mind.'* In the educational process, the diges- 
tion of knowledge is even more important than its 
ingestion 

The young physician who, already Iiaving con- 
siderable experience, wishes to use the book as an 
aid toward qualifying examinations, will find espe- 
cially helpful a review of those early Parts (Two 
and Three), which deal with the common mani- 
festations and the more important mechanisms of 
disease. In most instances, five or more jears will 
have elapsed since his basic science courses were 
completed, and he svill need to refresh his knowl- 
edge by reviewing the more recent advances io 
pathophysiology. 

It IS our hope that the volume will prove a help- 
ful source of quick reference for all of these groups, 
and especially for the practicing physician when 
an unfamiliar manifestation or disorder is encoun- 
tered or when specific information about a disease 
or a new tlierapeutic procedure is desired. We trust 
that the index, which we have personally prepared, 
will he an effective guide for rapid reference. 

Extensive changes have been made in the fourth 
edition. Most of it has been completely rewritten. 
The areas devoted to renal, pulmonary, gastro- 
intestinal, and muscular and cutaneous disorders 
have been expanded. A chapter on Ocular Mam- 
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festations of Disease has been introduced. The pre- 
wously long chapters on cardiac disease have been 
subdivided into shorter ones to make their contents 
more readily accessible. A short chapter on Prin- 
ciples of Physical Signs Referable to the Heart has 
added. Introductory discussions, explaining 
the arrangement and indicating the common prob- 
lems, have been inserted at the beginning of the 
several sections dealing with diseases of the vari- 
ous organ systems. 

A deliberate attempt has been made to avoid 
long bibliographies. Rather, the references are 
limited to reviews and monographs which contain 
comprehensive bibliographies, together with an oc- 
casional reference to older works of unusual his- 
torical significance and, at times, a recent publica- 
tion presenting important new information. 

It is hopeil that, as the result of the increasing 
availabilit)' of this textbook in different countries 
and in multiple languages, faculties of medicine 
outside of Nortli America will have an opportunity 
to become familiar with the method of teaching 
internal medicine used on this continent, thereby 
permitting them to appropriate those techniques 
which seem good while retaining those metliods of 
their own whicli have proved especially effective 
in UiciT own environments. 

Once again, we wish to express appreciation to 
our authors for their willingness to modify their 
chapters in response to editorial suggestions. We 
continue to be indebted to numerous colleagues 
and friends for Invaluable criticisms. Among them 
arc: Drs. Samuel P. Asper, F. Robert Fckety, John 
Eager Howrard and Ricliard Ross of Baltimore; 
Drs. John Dahiit and Walter Frormneyer of Bir- 
mingham; Drs. Stanley Cobb, Mandel E. Cohen, 
A. Price Ilcusner, Erich Lindcmann and Roe E. 
Wells of Boston, Dr. H. M. Spiro of New Haven; 
Dr. Clark Millikan of Rochester, Minnesota, and 
Drs. Jerome E. Cohn, Edwin Englert, Hans H 
Heclit, John A Linfoot, Charles A. Nugent, Gerald 
T. PerkolF, Attiho D. Renzetti and John R. Ward 
of Salt Lake City. 

The preparation of a new edition would have 
present^ insuperable problems without the loyal 
and effective aid of our several secref.vria! co- 
workers. M’e are especially indebted to: Mrs 
Norma Nicewonger and Mrs. Ann Zurek of Balti- 
more; Miss Minnie M.ae Tims of Birmingham; Mrs 
Margaret Elmor Adams, Miss Eulalia CTzebiciu- 
ovvska, Mrs Ruth Rae Simmonds and Mrs. Barbara 
Wood Zimmers of Boston; Miss Ruth Compton of 
New York; Miss Alula Wooley of Salt Lake City, 
and Mrs Dolores Ready of Stamford 

Our relations with the McGraw-Hill Comp.iny, 
particularly vnth its Blakiston Division, have been 
cordial and friendly rather than merely agreeable 
and satisfactory. 

LLB., T.RJI., W.IJ.R. G.W.r., M.M.W. 
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Section 1: Basic Considerations 


1 1 n AN APPROACH TO 
IIU INFECTIOUS DISEASES 
loan L. Bennett, Jr. 

The vast majority of human and animal diseases 
of blown etiology are produced by biologic agents, 
viruses, rickettsias, bacteria, fungi, protozoa, or 
nematodes. No small part of the past and present 
importance of infectious diseases in medical prac- 
tice is attributable to their enormous frequency and 
the public health implications of the contagious- 
ness of many of them. It is also of note, however, 
that development in sanitary engineering, vector 
control, techniques of immunization, and specific 
chemotherapy have modified the situation favor- 
ably. While important exceptions remain, infectious 
diseases as a class are more easily prevented and 
more easily cured than any other major group of 
disorders. Despite the virtual elimination of certain 
irdectious diseases and profound reduction in the 
morbidity and mortality produced by other biologic 
agents, human beings have not been rendered free 
of infection. It is important to point out that the 
total human had of disease produced btj microbial 
parasites has been only moderately, if at oU, de- 
creased. As certain specific microbial infections 
have been controlled, others have emerged as trou- 
blesome therapeutic and epidemiologic problems. 
As Dubos has pointed out, microbial infections 
appear to form an inherent part of human life. 

Because better environmental sanitation and 
other measures now prevent contact with many 
microbial agents and the development of acquired 
immunity early in childhood, certain infections 
have been seen more frequently in adults in our 
Western culture. For example, as contact with 
poliomyelitis virus in childhood has declined, para- 
lytic poliomyelitis has become more common in 
young adults. Similarly, decreasing infection Tvilh 
the tubercle bacillus has raised important questions 
regarding the status of adult antituberculous im- 
munity. Childhood infection with the tubemie ba- 
cillus was commonplace 20 years ago, and over 70 
per cent of yoimg adults had positive tuberculin 
tests. Today less than 5 per cent of young adults 
manifest tuberculin hypersensitivity. 

As antimicrobial agents have sharply reduced 
the mortality associated with certain common in- 
fections, other microbes have emerged as important 
causations of human disease. It is now unusual for 
patients to die of pneumococcal pneumonia — a dis- 


ease readily handled with agents currently avail- 
able. However, it is now common to see sick 
patients develop serious disease produced by mi- 
croorganisms which form part of man’s normal 
microbial fiora. These include infections produced 
by staphylococci, enteric bacilli, and fungi. 

THE PARASITE AND THE HOST 

The complex interaction between microorganism 
and man that results in infection and disease has 
been subjected to extensive study. Much has been 
learned about the initiation of the process, the 
ways in which microbes produce tissue injury, the 
influence of specific immunity and “nonspecific” 
resistance of the host, and mechanisms of recovery. 
Unfortunately, it is not yet possible to transfer in 
any specific way much of the informab’on thus far 
acquired to the individual human patient with an 
infectious disease. In a textbook of medicine, there- 
fore, it seems appropriate to emphasize those gen- 
eral aspects of ^e host-parasite relationship that 
form a basis for diagnostic procedures, that are of 
importance in deriving therapeutic principles, or 
that help explain the epidemiology of infecUon and 
infectious disease. This necessitates omitting from 
these pages discussion of many highly signiScant 
and interesting experimental studies, controversial 
issues, and theoretic or incompletely established 
concepts. The bibliography at the end of the chap- 
ter contains excellent reviews of these important 
subjects. 

Infection and Clinical Disease. It is well known 
that microorganisms of different species or differ- 
ent strains of the same species vary widely in their 
capacity to produce disease and that human beings 
are not equally susceptible to the disease caused 
by a given bacterium or virus. Furthermore, while 
a specific infectious disease %vill not occur in the 
absence of the causative organism, the mere pres- 
ence of the organism in the human body does not 
lead invariably to clinical illness. Indeed, it is now 
obvious that the production of symptoms in man 
by many parasites is an exceptional event rather 
than the nJe, a “subclinical infection” or "carrier 
state" being the usual host-parasite relationship. 
Disease in a clinical sense is not synonymous with 
the presence of the organism or infection in a 
microbiologic sense. The ratio of subclinical infec- 
Uon to overt clinical disease varies widely m dif- 
ferent microbial species. For example, subclinical 
infections with the virus of poliomyelitis are the 
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rule. Less than one in a ihonsand infected indi* 
Wduals develop overt poliomyelitis — the clinical 
disease. By contrast, active human infection with 
the rabies virus probably almost always produces 
prop-cssive fatal disease. Snbclinical infections 
with rabies have not been observed. 

Mechanisms of Injurj'. It is customary to refer 
to bacteria or other microorganisms that are capa- 
ble of producing disease as patho^entc. Virulence, 
the ability to prorlucc harmful effects in the host, is 
distinguished carefully from fncflsfceness, the abil- 
ity to spread and disseminate in the body. Tor ex- 
ample, CloUridium ictani is pathogenic and, by 
virtue of its exotoxin, highly virulent, hut if is 
almost completely lacking in invasiveness. These 
distinctions arc valuable in microbiology and ex- 
perimental palhologj*, but they often mean rela- 
tively httlc at a clinical level in an individual 
patient. Under certain circumstances and in certain 
anatomic locations, mildly “pathogenic" organisms 
can produce fatal disease, or highly “pathogenic" 
species can dwell and multiply without producing 
any harmful effect. 

A few parasites produce toxins that account for 
the tissue damage and physiologic alteratiorvs of 
infection. Wj/persensil/vily to components of the 
parasite is demonstrable in several infections, but 
in rehatively few has sensitization been shown to 
account for the manifestations of disease. For a 
large proportion of pathogenic agents, an explana- 
tion of their damaging effects upon the host is 
incomplete or wholly lacking. Generally, therefore, 
the aim of therapy is to stop multiplication or to 
kill the parasites with appropriate drugs; In dis- 
eases caused by toxin-producing organisms, the use 
of antisenim (as in tetanus or diphtheria) is the 
definitive procedure, chemotherapy being second- 
ary. 

The /•isyaV.w ef cevtsln psthcgcvrkr cegAf/imr, 
their tendency to localize in certain cells or organs 
and to produce damage Is unexplained in most 
Instances. Clinically, however, the presence of dis- 
ease in a specific anatomic site or a combination of 
sv^nploms referable to certain organs often suggests 
tKc identity of the causative organism. Similarly, 
in the presence of disease kmown to be caused by 
a given agent, complicating involvement of oIIict 
tissues can be nntidpated or predicted. 

Frequently, the proper management of Infec- 
tious disease involves the use of tccliniqiies com- 
“Ictcly vmrclatcd to microbiology or chemotherapy, 
1 on effort to support tlie function of damaged 
rgans. Survival in poh'omjclitis may depend upon 
realment of respiratory failure, the management 
f heart failure in endocarditis is sometimes a 
:rc3tcr problem than the eradication of the causa- 
ivc org.mIsm, and in epidemic hemorrhagic fever, 
or Wed's disease, maintenance of fluid and electro- 


lyte balance during the stage of acute renal failure 
is the important therapeutic objective. 

Resistance and Susceptibility. Many so-called 
"host factors" are known to influence the likelihood 
that disease will occur If organisms enter the tis- 
sues or, if infection becomes established, to play a 
determining role in the final outcome- — recovery or 
death. 

In experimental animals, sex, strain, age, route 
of infection, the presence of specific antibodij, 
other diseases, nutritional state, and the use of such 
procedures as exposure to ionizing radiation or 
high environmental temperature or administration 
of mucin, nitrogen mustard, adrenal steroids, epi- 
nephrine, xerosin, and metabolic analogues can be 
shown to exert a profound effect upon infection 
by bacteria, viruses, and other agents. 

In man, these factors are no less impressive, al- 
though controlled studies are lacking for many. 
Alcoholism, diabetes, agammaglobulinemia, the 
nephrotic syndrome, malnutrition, chronic admin- 
istration of adrenal hormones, chronic lymphedema, 
ischemia, the presence of foreign bodies such as 
bullets, calculi, or bone fragments, obstruction of a 
bronchus, the urethra, or any hollow tube, agranu- 
locytosis. various blood dyscrasias, and many other 
circumstances influence susceptibili^ to systemic 
or local infection. Furthermore, in those Instances 
where the extenuating cendib’on is remediable, the 
probability of recovery is enhanced. 

Racial differences in susceptibility, such as the 
poor resistance of the Negro to tuberculosis or the 
peculiar resistance of Negroes to malaria caused by 
P/asmodiiim vivax, are well established in several 
iiifeclions. The increased frequency and severity 
of some infections in children, others in pregnant 
women, still others in the aged are familiar clinical 
facts. 

}^rior cesvtect uHh orgsmTot, whether iy* 
active infection or by artificial immunization, in- 
creases resistance to some infections, such as mea- 
sles and poliomyelitis, but seems to have little 
influence on resistance to others, such as gonorrhea 
and acute coiyza. 

In the chapters that follow, the variations in hu- 
man resistance to specific infectious agents are dis- 
cussed in detail. 

Finally, it must be emphasized that present 
knowledge of the factors inv'olvcd in human re- 
sistance and susceptibility extends little beyond an 
empirical tabulation of cUnkaUij observed relation- 
ships. Tlie attractive explanations that have been 
suggested, including changes in physical or chemi- 
cal activity of pliagocytes, antibacterial substances 
such as lysozyme, properdin, and phagocytin, 
qualitative or quantitative alterations in scrum pro- 
teins, disordered metabob'sm at the cellular level, 
"products of tissue injury" that influence vascular 
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permeability, and several others,' remain for the 
most part in the realm of hypothesis. 

The profound influence of "host factors” upon 
the infectious process makes it clear, however, that 
if our understanding of them ever reaches a point 
that enables us to control them in a predictable 
fashion, we %vill enter a new era in the manage- 
ment and control of infectious disease. There is no 
more important and fertile field for investigation 
in medicine. 

PATHOGENESIS OF INFECTION 
With relatively minor variations, the develop- 
ment of an infectious disease follows a consistent 
pattern. The parasites enter the body through the 
skin, nasopharynx, lung, intestine, urethra, or other 
portal, and a regular sequence ensues. Once estab- 
lished in the host, the organisms can multiply and, 
in so doing, establish a local or primary lesiott. 
From this site, there may be local spread along 
fascial planes or tubular structures, such as a 
bronchus or ureter. The next step is systemic 
spread of the microorganisms by the circulating 
blood, which they reach by direct invasion of ves- 
sels (a relatively unusual occurrence) or by the 
common method of being borne in lymph to the 
thoracic duct and entering the venous system. In 
the blood stream, they spread to other tissues and 
can produce distant, or secondary, lesions. In in- 
fections such as tetanus and diphtheria, distant 
lesions are produced by toxins elaborated at the 
primary lesion without systemic spread of the para- 
sites. The infectious process may terminate in re- 
covery or death at any stage, the local lesion, 
systemic spread, or distant lesion. 

The apparent inconsistency of this pattern in 
clinical medicine is attributable to the fact that 
the infection has been recognized as a clinical 
entity only at the stage when symptoms are most 
likely to appear. For example, pneumococcal pneu- 
monia is a local lesion, and the distant lesion, 
pneumococcal meningitis, is referred to clinically as 
a complication. In meningococcal infections, the 
local lesion, a nasopharyngitis, is rarely sympto- 
matic and has no status as a clinical entity, but the 
stage of spread, meningococcemia, and the com- 
monest distant lesion, meningitis, are clinical enti- 
ties. A rarer distant lesion, arthritis, is called a 
complication. In subacute bacterial endocarditis 
both the local lesion in the gums and the stage of 
spread are insignificant; the distant lesion is the 
clinical disease. In a patient who has osteomyelitis, 
a clinical entity, a recent furuncle may be Trferrcd 
to as a predisposing factor. In another patient xvith 
extensive furunculosis who develops osteomydilis, 
the infection in bone may be regarded by the 
clinician as a complication of the superficial infec- 


tion. The stages mentioned are in no way limited to 
bacterial diseases; the primary lesion of poliomye- 
litis is intestinal, viremia may occur wthout neuro- 
lo^c involvement, or a distant lesion, the classic 
"infantile paralysis,” may be established. 

Because of established clinical usage and ter- 
minology based upon the symptomatic illness that 
leads patients to seek medical aid, the consistenc}' 
of this general sequence in the pathogenesis of in- 
fection is often not recognized. However, the con- 
cept is useful to the clinician and offers some basis 
for systematizing what may Dther^^'ise seem to be 
a misceUaneous collection of unrelated clinical 
signs and symptoms. 

CLINICAL MAPfIFESTATIONS 
OF INFECTIONS 

So varied are the disorders attributable to infec- 
tion or Infestation of man by lower organisms that 
generalization about them is difficult. The clinical 
manifestations of infection can duplicate those of 
diseases of any other etiology. On p. 65, there is a 
discussion of certain clinical features highly sug- 
gestive of infection, including abrupt onset, fe\’er, 
chills, myalgia, photophobia, pharyngitis, acute 
l)'mphadenopathy or splenomegaly, gastroenteritis, 
and leukocytosis or leukopenia. It is obvious that 
the presence of one, several, or all of these features 
docs not constitute proof of the microbial origin of 
illness in a given patient. Conversely, serious, even 
fatal, infectious disease can exist in the absence of 
fever or the other signs and symptoms mentioned 

^Vhfle there is no infallible clinidal criterion of 
infection, it is still possible to recognize accurately 
many specific infectious diseases from information 
obtained by history, physical examination, blood 
count, and urinalysis. The importance of interroga- 
tion about past illness, predisposing factors such as 
alcoholism, familial disease, e.xposure to ill persons, 
contact xvith animals or insects, ingestion of con- 
taminated food, type and order of onset of symp- 
toms, and recent or remote residence in endemic 
areas is discussed in subsequent chapters for spe- 
cific diseases and etiologic agents. Cardinal physi- 
cal signs are also described for each entity. 

It Is fitting to acknowledge our ignorance of the 
mechanisms that produce most of the signs and 
symptoms of human infection. As discussed on 
p. 61 the pathogenesis of fever is poorly under- 
stood. The physiologic alterations underlying "ma- 
laise,” "postinfectious asthenia,” "toxicity,” and 
other common complaints are completely mysteri- 
ous. We have little or no idea about the factors 
responsible for the leukocytoses or leukopenias that 
characterize certain infections. \\Tiy the rash of 
typhus begins on the trunk while that of another 
rid^ettsiosis. Rocky Mountain spotted fever, begins 
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on the extremities is unansucred. It cannot be said 
Uwt lailurc to understand the production of thc« 
manifestations impairs their clinical usefulness in 
tliffcrcnlial diagnosis, but it is probable that under- 
standing svould bring with it clues to more accurate 
diagnosis and better management. 


DIAGNOSTIC PROCEDURES 

When dealing with diseases produced by llr-ing 
agents, it is soon eWdent that confirmation of a 
presumptive diagnosis, or sometimes the first sug- 
gestion as to the etiology of Illness, often depends 
upon laboratory procedures. The availabili^ of a 
multitude of laboratory tests in the modem hos- 
pital has not made it possible to substitute a “rou- 
tine lab work-up" for history, physical examination, 
and obscn’alion of a patient’s course. Indeed, the 
information derived from these procedures is the 
only reasonable b.'isis for selecting the tests to be 
performed by the laboratory. 

Tlic importance of roenlgcnographic changes, 
alterations in chemical constituents of the blood, 
and tests of the functional capacity of organs such 
as the liver and kidney is as great in infectious 
disease as in Illnesses of other etiologies and needs 
no discussion here. 

The specific procedures 'for the diagnosis of 
mfcctious disease involve direct demonsiratlem of 
ihc ceiisatlte orge.iism or fifoof of its jwcscncc by 
indirect mean.i. 

Demonstratien of the Organism. In bacterial dis- 
eases, it is often possible to find the causative or- 
ganism by m/cfoseo/Jic examination of properly 
stained preparations of sputum, sjiinal fluid, and 
other body fluids. This simple procedure is often 
neglected as an unnecessary bother when material 
is \^ing sent for bartcriologlc culture, but it is u 
most valiuble source of immediate information. In 
many diseases, the etiologic agent cannot be cul- 
tured (bartonehosis), and in others, isolation is 
time-consuming (tulicrculosis, blastomycosis). The 
cli.ngiiosis of meningococcal infection (p. 926) by 
finding the organism in fluid from skin lesions or in 
the buffy coat or the finding of Hemophilus fn- 
^iienzor in stained smears of cerebrospinal fluid 
enables the clinician to initiate specific chemo- 
therapy immediately with assurance that the re^- 
men is the proper one. 

Direct examination of hone marrow is a useful 
method for demonstrating organisms in some dis- 
eases, kaU-arar, bislopl-rsmosis, and hibeTciSlosis 
living examples. In protozoan (amebiasis, malaria) 
and parasitic diseases (schistosomiasis, fihtriasis), 
direct examination of blood, feces, or urine is the 
only specific method lor establishing a diagnosis. 


There arc also infections in which the detection 
of characteristic ajtologic changes or the causative 
organism itself fn smears or histologic sections of 
biopsy material can be the quickest method for 
diagnosis. Tubercles and tubenJe bacilli in lymph 
nodes or liver biopsy material, leprosy bacilli in 
skin or nasal scrapings, inclusion bodies in the 
skin lesions of varicella or variola, and exudate of 
inclusion blcnorrhea, "Warthin" cells from the nasal 
mucosa in measles, schistosome ova in pinch biop- 
sies of rectal mucosa, and the Councilman bodies of 
yellow fev'er in liver arc examples. In addition, chat* 
acteristic histologic changes make it feasible to 
identify the lesions of chancroid, syphilis, lympho- 
granuloma venereum, cat-scratch disease, or viral 
hepatitis in biopsy specimens. Indeed, even in dis- 
eases where other reliable tests are available, diag- 
nosis by histologic examination is sometimes the 
most rapid method, an example being the charac- 
teristic muscle lesion of Wed's disease (p. 1084). 

Special Microscopic Techniques. Dark-field ex- 
amination of material from genital lesions for the 
spirochete of syphilis is a well-known procedure- 
In several other spirochetal diseases, including lep- 
tospirosis, the dark-field technique can be useful) 
but experience in recognition of the organisms Is 
necessary for correct interpretation of findings. 

F/uorcsccncc microscopy, in which the causative 
organisms can be recognized and identified rapidly 
by the use of fluorescent-antibody preparations (the 
Coons technique) has not been applied to general 
clinical work. With further refinement and simplifi- 
cation. it may eventually prove to be extremely use- 
ful in diagnosis. 

Culture and Animal Inocubtion. Specimens for 
bacteriologic culture should be collected before the 
iniiialhn of chemotherapy. The material to be cul- 
tured — sputum, pus, blood, or bone marrow— 
should be selected on the basis ol the suspected in- 
fections, and the precise cultural techniques em- 
ployed — media. CO 2 incubation, anaerobic ineuba- 
lion, etc. — must be decided upon in a similar 
fashion. 

In several infections, including Weil’s disease, 
rat-bite fever, cert.iin mycoses, tuberculosis, and 
the rickettsioscs, isolation of the etiologic organism 
can be made by inoculation of appropriate material 
into mice or guinea pigs. This is a cumbersome pro- 
cedure for routine use, but in selected instances it 
should be employed. As mentioned fn subsequent 
chapters, many viruses can be isolated by inocula- 
tion of appropriate anim.ils. This is rarely feasible 
(or ordinary clinical diagnosis and, for several 
agents, is hazardous. 

Facilities for isolating viruses by inocuhtton of 
tissue cultures arc available in a few centers, but 
this method is likely to remain an investigative tool 
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until it can be simplified and adapted to general 
use at a clinical level. 

Blood Cultures and Bacteremia. Because of the 
peculiar clinical importance of demonstrating bac- 
teria in the blood stream and because there are 
varying opinions about optimal timing and sites of 
sampling for blood cultures, it is of practical im- 
portance to the clinician to understand something 
about the mechanisms of bacteremia. 

Excepting intravascular infections (bacterial en- 
docarditis or endarteritis, mycotic aneurysm, sup- 
purative thrombophlebitis), the entry of bacteria 
into the circulation occurs almost invariably through 
the lymphatic system. Consequently, when bacteria 
multiply at a site of local infection in the tissues, 
the hkelihood of bacteremia parallels the occur- 
rence of local conditions that favor drainage of 
lymph from the area to the thoracic duct and 
e^'entualIy, the venous blood. These factors indude 
the number and anatomic arrangement of local 
lymph vessels, accumulation of fluid and increase 
in tissue pressure (a prominent feature of the in- 
flammatory response), and exercise or massage of 
the part. 

Once bacteria enter the blood, they are removed 
rapidly by the fixed phagocytes of the reticulo- 
endothelial system in the liver and spleen and by 
engulfmont in polymorphonuclear leukocytes in 
capillaries, especially those of the lung. 

CllnicaUy, bacteremia can be transient, intermit- 
tent, or continuous. Many transient bacteremias re- 
sult from manipulation of infected or contaminated 
tissues, common examples being instrumentation of 
the genitourinary tract, tonsillectomy, dental pro- 
cedures, and massage or surgical incision of furun- 
cles or abscesses. In the vast majority of instances, 
the sudden discharge of bacteria into the blood pro- 
duces no S)'mptoms or, at most, a rigor and brief 
fever, and the organisms are promptly dealt 'vith 
by the removal mechanisms already mentioned. The 
great importance of these “man-made” bacteremias 
is their role in producing bacterial endocarditis (p. 
1039) in patients with endocardial damage. 

Transient bacteremia accompanies the early 
phase of many infections. In pneumococcal pneu- 
monia, the b^ical rigor at onset is a result of 
transient bacteremia. In most cases, ^vitb localiza- 
tion of the pulmonary lesion, blood cultures rapidly 
revert to negative. The poor prognosis assigned to 
patients with pneumonia who continue to have 
positive blood cultures is not based upon any dan- 
ger from the mere presence of organisms in the 
blood as much as it is upon bacteremia as a re- 
flection of spreading infection in the lung itself. 

A sudden single influx of microoganisms into 
the blood stream ma)’ be followed by a shaking 
chill and fever. However, there is a “lag period” of 
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30 to 90 min before the febrile response (similar to 
the bg in pyrogen fever, p. 62). During this 
delay, the bacteria are usually promptly removed 
from the circulation by phagoc)'tosis and. conse- 
quently, a blood Culture taken at the time of tlie 
rigor may be negative. Failure to recognize this 
sequence led for many years to the idea that chilling 
after instrumentation of the urethra was the result 
of some peculiar property of the bladder, and even 
today, the term “catheter fever” is sometimes em- 
ployed. Failure to obtain growth in a blood culture 
taken during a chill does not rule out bacteremia as 
a cause of the fever. Another frequent effect of 
transient bacteremia is the production of transient 
severe leukopenia foUovved by a polymorphonu- 
clear leukocytosis for a few hours. Peripheral leuko- 
ctjte counts made during the few hours after a chill 
maij give information that is erroneously interpreted 
in diagnosis. 

Continuous bacteremia is a feahue of the first 
several days of typhoid fever, of brucellosis, and of 
intravascular infections such as endocarditis. 

Blood cultures should be taken at frequent inter- 
vals in patients with febrile disease of unknown 
etiology; in general, an attempt should be made to 
obtain blood before an expected rise in fever or 
chill. When a patient is suspected of bacterial endo- 
carditis or another of the diseases In which bac- 
teremia is constant, tvp^to four cultures d.iily for 
2 to 3 days are mor^ tlion sufficient to establish 
diagnosis, and treatment in suc^.cases should not be 
wiUiheld for a longer period. 

There is no evidence that arterial .blood pos- 
sesses any advantage over blood from the ante- 
cubital v'eins for culture. Suspected bacteremia is 
sometimes mentioned as a contraindication to diag- 
nostic lumbar puncture because of the possible de- 
velopment of meningitis, but clinical evidence does 
not support this idea. Culture of bone marrow is 
occasionally superior to peripheral blood for re- 
covery of organisms in typhoid, brucellosis, and 
rare cases of subacute bacterial endocarditis. While 
it is common practice to make pour plates of blood 
and to quantify bacteremia in terms of a certain 
number of colonies per milliliter of blood, the re- 
sults of this rather cumbersome procedure have 
no diagnostic or prognostic significance, and it has 
no adv*antage for routine use. In typhoid, for ex- 
ample, the number of bacilli in the blood rarely 
ex<ieds 25 to 30 per ml and bears no relationship 
to the severity of ilbess. When blood cultures are 
taken for diagnostic purposes, some should be in- 
cubated in carbon dioxide, and a sample of blood 
should also be cultured in thioglycollate brotli or 
some other anaerobic medium. Anaerobic cultures 
are especially important in women with puerperal 
or postabortal infections. 
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Immunologic Methods. Tliese diagnostic meth- 
ods are intended to supply evidence of past or pres- 
ent infection by demonstrating antibodies in serum 
or other body fluids, by showing changed reactis-ily 
of the host (h)-pcrscnsitivity, allergy) to products 
of the organism, or rarely, to detect components of 
tile causative organism in the body. The reader is 
referred to standard texts of immunology for de- 
tailed discussion of the nature of antigens and 
antibodies, the cellular origin of antibody, and the 
complex intetacliom of antigen-antibody systems. 
Emphasis here is directed toward the Interpreta- 
tion of immunologic tests commonly used for din- 
ical diagnosis, 

Serologic Tests. The finding on a single occasion 
that a patient’s serum contains antibody that re- 
acts with a certain antigen merely indicates that the 
patient has had previous contact with the antigen 
or a closely related substance. For this reason, with 
rare exceptions, tlie clinical interpretation of sero- 
)o^c tests depends upon serial determinations. If 
the antibody liter is found to fiso or fall signtfi- 
cantUj, one can then be reasonably sure that the 
response is a result of recent or current contact 
with the anbgon. In subsequent chapters, the need 
for serologic testing of acute phase and conva- 
lescent scrum is emphasized repeatedly. In antj pa- 
tient icith a puzzling illness, a sterile specimen of 
scrum should be preserved in a frozen state so that 
it can, if necessary, be studied and compared with 
serum collected at a later data. 

Prior contact widi an antigen can be the result 
of past aitiflcial immunization with vaccines*, inter- 
pretation of serum agglutinin titers for typhoid ba- 
cilli IS often made difficult or impossible by prior 
immunization. The occurrence of the scxalled “an- 
amnestic reaction," a supposed nonspecific stimu- 
lation of antibody formation by an acute illness 
(e.g . 3 rise in brucella agglutinins in a patient with 
acute tularemia), is now known to result only when 
the two org.inisms are antigenically related and 
rarely presents a serious problem. The vibrio of 
cholera contains an antigen similar to that of bni- 
ccl].t, .and surprisingly high levels of brucella ag- 
glutinins have been seen in servicemen immunized 
u ith cbolera v'accine. ^ 

The exact methods employed for detecting anti- 
body rises in various infections have been sHected 
empirically on the basis of the ease of petfonning 
the test, as well as on careful study to correlate the 
results of the test with other diagnostic criteria in 
patients. Tliercfore, the fact tliat one agent Is de- 
, teclcil by a pri*cipitin technique, another 1^ ag- 
I J glutination of whole organisms or the production of 
^ eapsuhir swelling, and still another by complement 
fixation is a practical matter of convenience and 
bears no necessary rcLitionship to the agent, the 
tj’pe of irvfcction produced, or basic pall^cnesis 


By coating some particulate material, such as 
erythrocytes or collodion particles, with antigen 
derived from a certain organism, antibody can 
sometimes be demonstrated by an ag^utinalion test 
rather tlian by some more complex method. 

Particular properties of the causative organism 
can sometimes be utOized to devise a simplified 
clinical test for antibody. Two striking instances of 
this are widely used. The ability of influenza and 
related viruses to clump eiythrocjtes (see p. 1123) 
makes possible the demonstration of antibody to 
v-irus by merely testing the capacity of a patient’s 
serum to prevent the agglutination of red cells by 
suspensions of virus, the so-called “hemagglub’na- 
tion-inhibition" reaction. Similarly, because many 
microorganisms possess hemolytic components or 
toxins, the assay of a parent's serum for capacity 
to prevent lysis of red cells is a convenient and 
simple clinical test for antibody. Tlie antistreptoly- 
sin O test in group A beta-hemoljlic streptococcal 
infections {p. 0D2) Is an example of this. 

In a few infections, predominantly those caused 
by viruses, the only reliable serologic test is a 
neutralization or protection test, an assay of the 
protection afforded by the patient’s serum against 
active infection in experimental animals or in tissue 
culture. This technique is time-consuming and is 
usually performed oidy in special diagnostic cen- 
ters. 

Some mention of “nonspecific” serologic changes 
may serve to emphasize again that clinical labora- 
tory tests have come into use only because they 
have been found to correlate rcasonobly u'cll with 
clinical findings. In several diseases, it has been 
found, often accidentally, that there develops serum 
antibody that will react with antigens derived from 
sources other than the etiologic agent (which may 
actually be unknown). Common examples are het- 
erophil agglutinins in infectious mononucleosis (p. 
1250), cold agglub'nms in some forms of nonbac- 
terial pneumonia (p. 1120), and the agglutination 
of certain strains of protcus bacilli by serum of pa- 
tients with rickettsial diseases (p. 1094). The out- 
standing example of a clinically useful nonspecific 
serologic test is the Wassermann reacUon for syph- 
ilis. This test and its modifications are performed 
with antigens derived from sources completely un- 
rdated to the spirochete that causes the disease. 
Because of their simplicity, they are still used in 
preference to more complicated and admittedly 
more accurate techniques that utilize the Trep- 
onema pallidum itself (p. 1077). 

In summary, the results of serologic tests must 
be Interpreted in the b’ghl of other information 
about the patient, including such factors as pre- 
vious immunizations and illnesses, the possibility of 
exposure to chemically but ctiologically unrel.xted 
antigens, and the importance of a changing titer 
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in serial tests as opposed to a single isolated ol>- 

scrv’ation. 

SAiii Tests. Exposure to antigens of certain types, 
by \’arious routes, and under drcumstances not 
completely understood often results in the develop- 
ment of immediate {anaphylactic, atopic) /lypcr- 
sensitivity or delayed (bacterial, iiiberculin) hyper- 
sensitivity (seep. 1257 for furllier details). 

Active infection with some, but not all, bacteria 
and viruses results in delayed hypersensitivity to 
the infecting agent in some, but not all, individuals. 
Clinically, the detection of this allergic state is ac- 
complished by intradermal injection of the organ- 
isms or some component of them; in a sensitive 
person, there ^vill appear induration and eiyihema 
at the local site \rithin 24 to 48 hr. If an individual 
is highly sensitive or if the amount of antigen in- 
jected is excessive, there may be extensive local in- 
flammation with necrosis, vesicle formation, edema, 
regional IjTnphadenopathy, and even systemic mani- 
festations of malaise and fe\'er. Antigens pre- 
pared in concentrations unlilcely to provoke severe 
reactions are generally available for intradermal 
testing for tuberculosis, leprosy, mumps, liuipho- 
granuloma venereum, cat-scratch disease, chan- 
croid, brucellosis, tularemia, glanders, toxoplas- 
mosis, blastomycosis, histoplasmosis, coccidioido- 
mycosis, and many other Infections. The "immune 
reaction” to vaccination (p. 1163) is also an ex- 
ample of delayed dermal hypersensitivity. 

The reliability, specificity, and usefulness of the 
individual tests differ and arc discussed in the chap- 
ters on specific infections. However, certain general 
principles apply to their use and interpretation: 

1. They are highly useful in epidemiologic sur- 
ve)'S as indicators of the incidence of infection in 
a population. 

2. In most indhiduals, dermal reactivity persists 
for many years or for life. A single positive lest 
means only that at some past time the indiridual 
was exposed to the organism (or a closely related 
one). Unless supplementary information in the fonn 
of clinical findings, cultural studies, or more spe- 
cific serologic data bear out the presence of active 
infection, a diagnosis of the disease is not justified. 

3. The appearance of a positive dermal reaction 
in an individual known to have been nonreactive a 
short time before is good evidence of recent in- 
fection; this is becoming a useful method for de- 
tecting early tuberculosis. 

4. A negative intradermal test does not rule out 
past or present infection. For unknown reasons, 
patients with measles, Hodgkin’s disease, or sar- 
coidosis often develop a state of "anergy,” or in- 
ability to react to intradermally injected anb’gens. 
In several diseases, dermal sensitivity develops after 
weeks or months of infection; an important example 
of this is acute histoplasmosis (p. 1059), in which 
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patients can be acutely ill for many weeks without 
showing a positive skin test. The skin test to coc- 
ddioidin is always negative in disseminated coc- 
cidioidomycosis (p. 1056), and in far-advanced or 
miliary tuberculosis in elderly patients, failure to 
react to intradermal tuberculin in the usual amounts 
cmplc^'ed for testing occurs in as many as 10 to 13 
per cent of the cases. 

Intradermal injection of antigens derived from 
sources other than microorganisms usually produces 
an immediate “wheal and erjthema” reaction which 
subsides promptly. The greatest clinical usefulness 
of this type of reaction is in the detection of al- 
lergy to foreign serums, pollens, and animal dander 
(see p. 1261). The skin tests deseloped for demon- 
strating infestation with helminths (trichinosis, 
filariasis) produce reactions of the immediate type 
in allergic individuals, but the antigens employed 
are so nonspecific that they are of little use in 
diagnosis. 


THE IMPORTANCE OF SPECIFIC 
DIAGNOSIS IN INFECTIOUS DISEASES 

Medicine and Microbiology. The diagnostic pro- 
cedures employed for infectious diseases are no 
more absolute than those in other diseases; they 
cannot be blindly equated vWth the science of 
microbiology. The responsibihty for interpreting 
the facts supplied by the bacteriologist, immunolo- 
gist, and virologist in the total context of a patient’s 
illness remains that of the physician. A positive 
tuberculin skin test certainly does not indicate that 
a patient has acti%e tuberculosis. The finding of 
Candida albicans (monilia) in a stool culture does 
not necessarily mean that a patients diarrhea is 
caused by intestinal moniliasis. ’The presence of 
staphylococci in nasal cultures from a patient with 
headaches does not establish a diagnosis of staphylo- 
coccal sinusitis. A throat culture containing Ijeta- 
hemolylic streptococci does not rule out diphtheria; 
nor does such a culture establish that a febrile ill- 
ness in a patient svith mitral stenosis is a recur- 
rence of acute rheumatic fever and not bacterial 
endocarditis. A posith’e serologic test for syphilis 
may be the first sign of incipient lupus erythema- 
tosus. The decisions in such matters must be made 
by the patient’s physician. 

Chemotherapy. The next chapter discusses the 
antimicrobial drugs in detail. The impact of chemo- 
therapy upon mortality and morbidity from infec- 
tion and upon epidemic disease is now a matter of 
historical record. These therapeutic agents, how- 
ever, haw in no %vay lessened the importance of 
specific diapiosis; indeed their availability has in- 
creased the need for obtaining exact etiologic in- 
formation. It requires but a moment’s reflection to 
realize that the substitution of a prescription for a 
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“broad-spectrum” antibiotic or a quick injection of 
penicillin for tbe systematic collection of facts and 
thoughtful consideration of diagnostic possibilities 
is fidlacious, unwise, and dangerous. Numerous 
antibiotics wlh overlapping spcctrums arc now 
avaUable, dosages for different infections varj' 
widely, certain diseases are best treated with com- 
binations of drugs, and the drugs themselves are 
potentially dangerous. They should never be pre- 
scribed as placebos, antipyretics, or substitutes for 
diagnosis In the vast majority of instances where 
this is done, patients recover just as they would 
if no "therapy” had been given and the drugs are 
wasted. More important, inadequate dosage or the 
wrong agent given blind may suppress symptoms 
temporarily without curing, make isolation of the 
ctiologic agent difficult, and delay the recognition 
of the true nature of an illness and the institution 
of curative treatment. Finally, to expose a paUent 
to the nsk of drug reaction without proper indica- 
tion IS inexcusable on the part of the physici.in, 
whether the drug is an antibiotic, a sedative, a laxa- 
tive, or a narcotic. 

Epidcmiolosic and Other Considerations. Just as 
the decision to administer antibiotics to a patient 
with a febrile illness of presumed infectious eti- 
ology must be made on an individual basis, tbe 
selection of cases in which extensive cultural and 
serologic testing is required is a matter of judg- 
ment. The majority of common “grippelike^ ill- 
nesses subside spontaneously, and symptomatic 
treatment is suffiaent. However, because of this 
tendency toward spontaneous recovery and also 
because the results of serologic tests, even if diag- 
nostic, may not be available until a patient is con- 
valescent, there are many who rc^rd continued 
effort to determine the specific etiology of illness as 
an impractical, "academic" procedure. Such an 
attitude fails to recogniiie. that the tesponsibiUty of 
the physician extends beyond the individual paUent 
to include the communi^. Furthermore, the physi- 
cian has a responsibility to liimself. For example, a 
patient recently recovered from "viral pneumonitis" 
may feci that his physician has cared for him 
competently and well The doctor himself may feel 
that he has discliargcd his professional duties prop- 
erly and that his having refrained from giving the 
paUent antibiotics for what was clinicaffy a virus 
disease and therefore unlikely to benefit from 
chemotherapy vias a laudable act of forbearance. 
However, if a serologic test is reported a few day’s 
later as showing that the patient’s scrum has shown 
a rise in complement-fixing antilrody agmnst psitta- 
cosis virus, the situation might change. The patient 
himself would continue to he well, but a search for 
■i the source of the disease, sucli as the patient’s pet 
J parakeet, would certainly be indicated, and future 


illness^ in others might be prevented. Further- 
more, Uie physician would benefit from being re- 
minded that antibiotics are effective in a few of the 
viral diseases and tliat "pneumonitis” is one of the 
clinical situations in which this possibility should 
be considered. 

Other examples of tbe practicality of “academic” 
procedures could be cited. There are extremes in 
cveiylhing, and, in the final an.alysis, the decision 
about the individual case must be made by the 
attending physician using his best judgment, based 
on some of the factors that have been mentioned, 
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m CHEMOTHERAPY OF 
INFECTION 
Loxils Weinstein 

The chemotherapy of infection as discussed in 
this chapter may be best defined as the use of 
drugs to suppress the growth of or kill pathogenic 
microorganisms in the animal body. The chemo- 
therapeutic agents at present available for the treat- 
ment of infectious diseases can be divided into 
two main groups, on the basis of their origin. (I) 
those which are totally synthetic substances, such 
as sulfonamides, sulfones, quinaerme, arsenic com- 
pounds. and isonicotinic acid hjdrazidc; and (2) 
those which are elaborated by various types of 
microorganisms (some have been synthesized sub- 
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sequent to their initial isolation), such as penicillin, 
streptomycin, chlortctracj'cline (Aurcomycin), and 
chloramphenicol (Chloromycetin), The latter are 
called antibiotics. 

TIIE CIIEMOniER^VPEUTIC AGENTS 
To be of practical value in the treatment of In- 
fection, a drug must exert its effect upon the invad- 
ing microorganism \vithout seriously damaging the 
ccUs of the host. It is remarkable that so many 
agents with this selective activity have been de- 
veloped. As far as is known, all chemotherapeutic 
agents exert their effects by acting directly upon 
the parasite, and not by enhancing the natural 
defense mechanisms of the host. The principal 
action is a retarding of the rate of growth of bacteria 
which enables the normal defense mechanisms of 
phagocytosis, antibody, etc., to deal with them. 
When present in suGicicnt concentration, some 
drugs can kill bacteria in vivo and in vitro. When 
chemotherapeutic substances are given in large 
doses early in some diseases, depression, delay, or 
elimination of the immvme response to the invading 
microorganism may follow. 

Quinine, emetine, heavy metals, organic iodides, 
and other sj'nthctic agents arc used extensively in 
the treatment of protozoal and helminthic Infec- 
tions; information concerning these agents is pre- 
sented in the chapters dealing with these specific 
diseases. The discussion to follow will be limited 
to two classes of chcmoUierapeutic substances: the 
sulfonamides (effective for the most part only 
against bacteria) and the antibiotics (active against 
bacteria, rickettsias, amebas, and some of (he 
Larger viruses). Tuberculostatic drugs, some of 
which are neither sulfonamide compounds nor 
antibiotics, arc also discussed. 


THE SULFONAhUDES 

The sulfonamide compounds have been used in 
clinical medicine since 1937. The important sulfon- 
amides are Sulfadiazine, Sulfamerazine, sulfisoxazole 
(Gantrisin), sulfamethoxypyridazine (Kynex, Mi- 
dicel), sulfamethoxypyrimidine (Madribon), suc- 
cinylsulfathiazole (Siilfasuxidine), and phlhalyl- 
sulfathiazole (Sulfalhalidine). 

The sulfonamides, despite the availability of 
more effective antibacterial agents, are very valu- 
able in the management of certain infections. They 
are the drugs of choice in meningococcal meningitis 
and bacillary dysentery. They are often applied, 
wath varying success, in urinary tract infections 
which have not responded to various antibiotics. 
Sulfonamides can be employed in the prophylaxis 
of lecuTrent rheumatic fever. Although there is a 


strong dinirxtl impression that an additive chemo- 
therapeutic effect may be produced by a combina- 
tion of sulfonamide and antibiotics, data from con- 
trolled studies are meager. 

The sulfonamide compounds at present employed 
for tlie treatment of systemic infections are readily 
absorbed from the gastrointestinal tract and are 
probably best administered by this route to the 
conscious patient. Sodium salts for either intra- 
muscular or intravenous use are also avaOable. 
Liquid preparations made palatable by the addition 
of flavoring materials are useful in treating young 
children. For most of the infectious diseases in 
which the sulfonamides are of value, the duration 
of therapy should be no less than 1 week. 

An adequate concentration of the sulfonamides 
must be maintained in the blood and tissues to 
produce cffcctis’c bacteriostasis. A blood level of 
10 to 12 mg per 100 ml is suBcient for the manage- 
ment of most of the susceptible infections. The in- 
terx'al behveen separate doses is usually short, 4 
to 6 hr, except for sulfamethoxypyridazine and 
sulfamethoxypyrimidine which need to be given 
only once daily usually. If the drugs are given by 
the parenteral route, the size of each dose should 
be reduced and the interval between doses should 
be increased. The concentration of drug in the 
blood must be estimated at frequent intervals, this 
is relatively simple and can be accurately deter- 
mined by colorimetric methods. 

Most of the sulfonamide compounds are tvideli/ 
distributed in the body. After absorption, the major 
metabolic alteration Is acetylation of the primary 
amino group. Sulfonamides are excreted by the 
kidnc)', chiefly by glomerular filtration. Derivatives 
which arc not firmy bound to plasma or tissue 
proteins tend to be distributed evenly in total body 
water and thus reach high concentrations in tissue 
cells, whereas those w’ltli a tendency to bind are 
concentrated in the plasma. 

The baclcrioslatic activity of the sulfonamides is 
presumed to be related to their antimetabohe 
properties. Para-ammobenzoic acid (PABA), which 
inhibits the antibacterial effect of most of these 
agents, is an essential metabolite of many micro- 
organisms. PABA is part of the molecule of folic 
(pleroylglutamic) acid. It has been suggested that 
the sulfonamides prevent the incorporation of PABA 
into the ptcroylglutamic acid molecule, but it is 
likely that they do not always act on a single state 
in the chain of enzymatic reactions involved in 
cell metabolism but may inhibit several steps. 

The principal foxic effects of the sulfonamides 
are hypersensitivity reactions and Injury to the 
kidneys. Hypersensitivity may be manifested by 
fever, rash, granulopenia, or depression of other, 
components of the bone marrow. These reactions 
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may develop any time after the first wech of 
therapy, or even earlier in patients who have re- 
ceived tlic dregs previously. Sensitivity to one 
tjTKS of compound frequently confers sensitivity to 
others. Ciystallization of the drug in the renal 
tubules is not likely to occur when an inadequate 
qu.intit)' of fluid has been ingested or when the 
reaction of the urine is acid, since the solubibty 
of both acct)'latcd and free forms is considcraUy 
greater in a neutral or alkaline medium. One ob- 
vious method of avoiding renal injury is to main- 
tain a copious urine output — at least 1,200 ml per 
day. Another procedure is to produce an alkaline 
unne by the oral administration of 12 to 15 Cm 
sodium bicarbonate per day. With the increase in 
solubility of the sulfonamide in the urine, the 
excretion of the drug is simultaneously more rapid. 
The concentration is thus lowered in the blood, and 
this makes necessary the administration of larger 
quantities in order to raise the blood level to the 
point of maximal cSectivencss. In many clinics, 
therefore, alkalinizalion of the urine is not carried 
out Another method of preventing precipitation 
in the urinary tract is to administer two or three 
sulfonamides concomitantly, since the solubility of 
each IS independent of the presence of the others. 
Amte tabulnr necrosis, a rare complication of sul- 
fonamide therapy, usually occurs in patients who 
have taken one of these drugs in the past; it may 
follow tlio ingestion of as little as 1 Crn of the 
agent It Is a totally unpredictable and unavoidable 
accident for which there is no specific therapy. 
Another rare but serious manifestation of sulfona- 
mide todcit)' is acute hemolijtlc anemia. This may 
develop within 48 hr of therapy and is manifested 
by a rapid fall in the number of eiythrocyles, 
icterus, fever, and hemoglobinuria. Drug admin- 
istration should be discontmued at once and blood 
transfusions given. 

Sidfadiazine (2-sulfanilamidopyrimidine) is ab- 
sorbed from the gastrointestinal tract slowly and 
incompletely, and renal excretion is relatively slow. 
The tissue concentration is 60 to 75 per cent of 
that in Uic plasma. Sulfadiazine appears in the 
urine in both the free and acetylated forms; neither 
is very soluble, and crystalluria is common. For 
most systemic infections in adults. Sulfadiazine is 
administered in a dose of 4 to 6 Gm per day fol- 
lowing an initial dose of 4 Gm. In young children 
0.005 to 0.1 Cm per lb body weight per 24 hr 
usually produces an adequate effect; the Initial 
dose should be about one-half of this quantity. 

Sulfamcraiine {4-meth)l-2-sulfanilamidopyrimi- 
dinc) is absorbed more rapidly and com^etely 
from the gastrointestinal tract than Sulfadiazine. 
For these reasons the ‘loading" dose need be only 
2 Gm in most cases, and ^ective blood levels 


may be maintained by the administration of 1 Gm 
only every 6 to 8 hr. The concentration in tlie 
tissues is SO to 75 per cent of that in the plasma. 
Very little acetylation of Sulfamerazine occurs, and 
the tendmey to renal tubular damage is less than 
mdi Sulfadiazine. 

SticcinijhulfatluazoJe (Sulfasuxidine: 2-N^'SuC- 
cinylsulfanilamidothiazole) and phthalylsulfathia- 
zole (Sulfathalidi'ne: 2-N*-phthalylsulfanilamidothi- 
azole) are poorly absorbable from the intestinal 
tract and are used primarily, therefore, for tlie 
suppression of bacterial growth in the intestine. 

Cantfisin (3, 4-dimethyl-5-sulfanilamidoisoxa- 
zole) is more soluble than any of the sulfonamide 
compounds described abov'e. It is absorbed rapidly 
from the gastrointestinal tract and is distributed 
only in the extracellular water of the body. There- 
fore, the administration of the same quantity of 
drug will yield a plasma concentration of GaO- 
Irism three limes that for sulfanilamide and about 
twice that for Sulfadiazine and Sulfamerazine. The 
dosage and clinical effectiveness of Gantrisin are 
of the same order as those of Sulfadiazine. 

Sulfamethoxijpyridozine (S-sulfanilamido-fi-meth- 
oxypyrldazine, Kynex) is well absorbed from the 
gastrointestinal tract and is excreted slowly jn 
the urine. It penetrates the cerebrospinal fluid 
well and has antibacterial activity about equal to 
that of Sulfadiazine. A dose of 1 Cm every 48 hr 
produces blood levels of 5 to 12.5 mg per 100 ml. 
Sulfamethoxypyiidazine Js most useful for pro- 
longed therapy or prophylaxis. The dose recom- 
mended for therapy is 1 Gm initially and 0.5 Gm 
every 24 hr. tVhen higher blood levels are required, 
the dosage can be raised to 2 Gm followed by 1 
Gm dady. A weekly dose of 30 mg per kg body 
weight lias been suggested for prophylaxis againSt 
streptococcal infections in rheumatic patients Blood 
levels should be determined if therapy is con- 
tinued for more than 1 week. This is mandatory 
in pabents with impaired renal function. The risk 
of severe reactions from sulfamethoxypyiidazine «s 
probably related to dosage, and caution should be 
exercised against giving excessive quantities. 

Suifamethoxypyrimldine (sulfadimethoxine, Mad- 
ribon) is also a rapidly absorbed sulfonamide which 
is excreted relativ’ely slowly. The activity of the 
drug Is not reversed by PABA In vivo. The anti- 
infective effectiveness of Madribon is comparable 
to that of methoxypyridazine. It diffuses poorly into 
the cerebrospinal fluid. 

The dose of Madribon for individuals weighing 
over 80 Jb is 2 Gm initially followed by 1 Gm once 
daily; for those about 40 lb in weight, the primary 
quantity is 1 Gm followed by 0 5 Gm every 24 hr; 
for cliildrcn who weigh about 20 lb, 0.5 Gm is 
given first and then 0.25 Gm is administered once 
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a day. Untoward reactions similar to those \vilh 
other sulfonamides have followed the use of sul- 
famethoxypyrimidine. 

Although both Kynex and Madribon have been 
recommended for the therapy of acute infections 
due to sulfonamide-susceptible organisms, these 
“long-acting” drugs have no advantages over the 
rapidly absorbed and excreted ones except for the 
convenience associated with the fact that they need 
to be taken only once daily. This does not appear 
to be sufficient grounds on which to recommend 
them for the treatment of acute infections in place 
of such well-tested agents as Sulfadiazine or Gantri- 
sin. The greatest area of usefulness of the slowly 
excreted agents appears to be in situations in which 
a sulfonamide needs to be given for a long period 
of time, as in the control of chronic urinary tract 
infections or the prophylaxis of rheumatic fever 
recurrence. These drugs probably also have a place 
in the prevention of bacillary dysentery and me- 
ningococcal meningitis. 

ANTIBIOTICS 

The development of antibiotics for the treat- 
ment of Infections constitutes one of the most 
important advances in modem medicine. Among 
those which are presently available are penIciUin, 
streptomycin, tetracycline, chlortetracycline, 03^* 
tetracycline, demethychlortetracycline, chloram- 
phenicol, erythromycin, bacitracin, neomycin, poly- 
myxin, amphotericin, kanamycin, vancomycin, 
ristocetin, and paromomycin. 

Testing Organisms for Sensitivity 
to Various Antibiotics 

The sensitivities of bacteria to various chemo- 
therapeutic agents are usually determined by bac- 
teriologic techniques. The most accurate method 
for use in the routine bacteriology laboratory in- 
volves inoculation of the organism into culture 
medium in test tubes containing serial dilutions of 
the drug. After a suitable period of incubation, the 
lowest concentration of antibiotic which inhibits 
grouih of the bacteria is expressed as the “sensi- 
tivity.” A more rapid method uses filler paper disks 
which have been infiltrated xvith a known quantity 
of drug. These are placed on the surface of agar 
plates on which the organism has been streaked, 
'fhe smallest quantity of antibiotic around which 
inhibition of growth is present is the level of sensi- 
tivity of the bacteria. This procedure is relath ely 
crude, and although useful in clinical practice for 
the rapid determination of relative sensitivities of 
organisms, it does not take the place of tlic test 
tube serial dilution technique. Clinical laboratories 
should always be able to carry out Uicsc tests 
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rdiaUy. They are not necessary in all cases; fur- 
thermore, there is only a rough correlation between 
dinical response to drug and the test result. 
Nevertheless, the procedure may be invaluable in 
indicatiag which Aerapeutic agent to employ and 
the general level of dosage required. 

Resistance of Baclerta to Antibiotics 

Each chemotherapeutic agent has a certain range 
of effectiveness. Presumably, a principal determin- 
ing factor in this is whether the microbial enzyme 
system affected by the drug is an essential one. 
Another factor is the elaboration by the parasites 
of substances which inactiv'ate the chemotlierapeu- 
tic agent. For example, the pseudomonas group of 
bacteria, which are naturally resistant to penicillin, 
produce a penicillinase which, when added to a 
culture medium, will inhibit the bacteriostatic ac- 
tion of that drug for organisms normally suscep- 
tible to it. Some naturally resistant strains of 
staphylococcus also have been found to elaborate 
penicillinase. 

Acquired Resistance. Bacteria growing in the 
presence of chemotherapeutic agents may develop 
the ability to grow in concentrations of dmg whicli 
originally would have suppressed them completely 
This kind of change can occur within the animal 
body as well as in the test tube. The rapidity with 
which it develops varies with different strains and 
drugs. 

The development of drug resistance may be the 
result of selective survival of naturally occurring 
variants or possibly the production of mutants in 
the culture. The presence of the chemotlierapeutic 
agent does not increase the rate of appearance of 
these insensitive forms, which are at first in such a 
minority that they escape detection. However, as 
the growth of susceptible bacteria is inhibited, the 
resistant variants multiply and eventually out- 
number the susceptible ones. 

Tlie acquisition of drug resistance is observed 
more and more frequently in vivo. A most important 
problem is the increasing number of staphyloccci 
which are insensitive to penicillm and oilier anti- 
biotics. 

Streptomycin treatment very commonly induces 
resistance in organisms. Some of the bacteria in- 
•\ohcd in urinary tract infections and Hemopfiiliis 
influenzae, for example, may become totally in- 
sensitive to streptomycin witliin 3 or 4 days after 
the initiation of therapy. An increasing number of 
bacteria, both gram-negati\e and gram-positive, 
have been showo to develop \'arj’ing degrees of 
lack of susccptibOit)’ to Aurcomycin, Chloromyce- 
tin, Terramycin, and crj’thromycin. 

Organisms which become insensitive to one anti- 
biotic may simultaneously develop resistance to 
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another. Thus, not infrequently, bacteria which 
lose their susceptibility to Aureomycin simultane- 
ously exliibit insensitivity to Terramycin, Chloro- 
mycetin, and Achromycin. The development of 
neomycin resistance is quite readily associated with 
a significant loss of sensitivity to streptomycin. The 
reverse does not occur so regularly. 

Combin.at!on of antibiotics may result in o dim- 
inution in the speed of emergence of bacterial 
resistance to any of the drugs in the mixture. For 
example, clinical espetience indicates that the 
emergence of resistance in the tubercle bacillus to 
streptomycin is considerably delayed by the simul- 
taneous administration of para-aminosaluylic acid 
or isonicotinic acid hydraiide (p 1010). 


DETERMINATION OF DRUG 
CONCENTRATIONS IN BODY FLUIDS 
Knowledge of the absorption, distribution, and 
excretion of chemotherapeutic agents is of the 
greater importance in determining methods of 
clinical use Sulfonamide and Chloromycetin con- 
centrations in various body fluids can be determined 
chemically, using colorimetric techniques. For most 
of the antibiotics, however, there is no means of 
chemical analysis, and tedious bioassay is required. 


PENICILLIN 

Penicillin is an antibacterial substance produced 
by various stiains of PeiuciUuim. Although this 
mold elaborates several penicillins wluch are closely 
related chemically and in biologic activity, the one 
used most extensi\ely in clinical medicine at the 
present time is penicillin G, or benzj'I penicilhn. 
Several modifications of the drug have been pro- 
duced primarily for the purpose of prolonging tbe 
duration of antibacterial activity or increasing resist- 
ance of tile drug to gastric acidity; these include 
the procaine ester, dibenzylethylencdiamine dipeni- 
ciUin (Bicillm), and phenoxymethyl penicillin 
(peniciUin V). Tw’o new penicillins are semisyn- 
thetic derivatives of 6-amino-penialIanic acid; these 
are 6-(a]pha-phenoxypropionamjdo) peniciUanate 
or phenox) ethyl penicillin (plienethiciUin, SynclUin, 
Broxil) and 6-(2,6-dimethoxybenzamido) pcnicil- 
lanate monohydiate (Stapbcillin). 

Penicillin in low concentrations is bacteriostatic; 
large quantities are bactericidal. Organisms are 
killed only if they are exposed to the drug while 
they are in an active phase of multiplication The 
> mode of action of penicillin is interference with 
the formation of bacterial cell walls by inhibiting 
the incorpoialion of a compound containing a 
uridine nucleotide, an acetyl amino sugar, and a 
peptide of three amino acids (Di.-alantne, n-^uta- 


mate, and lysine) which is an Intermedi.ate in cell 
wall production. 

Penicillin may be administered by several routes: 
orally, intramuscularly, subcutaneously, Intrave- 
nously, or by inhalation. It has also been applied 
topically. Application to tlic skin, especially if 
preparallons dissolved in oily bases arc employed, 
is to be avoided wherev’cr possible, because the 
degree of sensitization to the drug produced by this 
type of therapy is very high. The procaine s.ilt of 
the antibiotic is probably the most extensively 
used preparation because absorption is slowed, and 
detectable blood levels may be present for as long 
as 24 hr. The addition of aluminum monoste.arate 
to procaine penicillin m.iy .allow detectable blood 
levels to be maintained for as long as 48 to 72 hr. 
Solutions of crystalline penicillin G in physiologic 
saline may be inhaled for the treatment of various 
acute or ciironic pulmonary infections. 

Bicillin may be administered either by mouth or 
parcntcrally. When given orally, however, the ab- 
sorption of this agent is more erratic than tliat of 
buffered penicilhn C, which yields three to #it 
times the penicillin activity of Bicillin. The intra- 
muscular injection of Bicillin has the advantage over 
penicillin G of prolonging the dimition of blood 
levels; the ndministmtion of 200,000 to 500,000 
units may produce a detectable concentration of 
antibiotic In the blood for as long as 2 weeks. 
Penicillin V differs from G in a single oxygen 
molecule. The free acid and potassium salt are 
more stable and much less soluble at the pH of 
gastric juice than Is penicillin G. Penicillin V K 
however, rapidly dissmvcd in alkaline solution and 
is readJy absorbed from the upper portion of the 
small intestine. T.nken by mouth, pcnidllm V 
produces higher and more prolonged blood levels 
than the same quantity of penicillin G. The Intra- 
muscuUr injection of penicillin V produces lower 
blood levels than perudllin G given by the same 
route. 

Only about 20 per cent of an orally administered 
dose of penicillm G is absorbed into the blood 
stream, the remainder being destroyed by gastric 
acidity and by penicillinase in the lumen of the 
intestines. As a consequence, much larger doses 
are needed for oral than for parenteral therapy. 
FcnioIIin should not be given by mouth later than 
^ hr before or earlier than 2y, hr after a meal- 
\Vhen penicillin is injected subcutaneously or intra- 
muscularly it causes little or no local irritation and 
is absorbed ver)' rapidly into the blood stream, 
from where it is cither excreted by the kidneys or 
distributed evenly in the plasma and extracellular 
fluid Normally, only minute amounts penetrate 
Into the cerebrospinal fluid, but in the presence pf 
meningeal inflammation, appreciable levels of the 
drug may be obtained. 
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Penicillin is excreted by the kidneys with great 
rapidity, mainly by a tubular mechanism, about 
10 per cent being cleared in the glomerular filtrate. 
The renal clearance approximates the total renal 
blood flow. Attempts have been made to delay 
renal excretion by eencurrent administration of 
substances which compete for available tubular 
excretory structures. Diodrast, para-aminohippuric 
acid, and Benemid (p-di-n-propylsulfamyl-bcnzoic 
add) retard peni cillin excreb’on to a variable de- 
gree. Benemid appears to be the most effective in 
reducing the rapidity of excretion of penicillin; the 
dose is 0.5 Gm four times a day. 

Phenethicillin [6-(a]pha-phenoxypropionamido) 
penicillanate, phenoxyethyl penicillin, Syncillin] is 
absorbed when taken by mouth and is resistant to 
gastric addity. However, it is absorbed less well 
than penicillin V if it is taken with or shortly after 
a meal. Blood levels of phenethicillin are higher 
than those produced by penicillin V, but these do 
not lead to a greater degree of anlibaetertal activity. 
In fact, the blood levels obtained by administration 
of the semitymthetie compound may actually be 
lower than those present after giving penicillin V 
in terms of activity against bacteria when the hvo 
agents are compared with the same standard pen!- 
cdlin and the results aro e.xpressed in terms of 
penicillin G activity. Intramuscularly injected peni- 
cillin G is superior to phenethicillin; the former 
produces higher and more sustained blood levels. 
Although In vitro studies have suggested that 
phenethicillin is active against penicillin-resistant 
staphylococci, this probably has no significance in 
the treatment of infections due to this type of 
organism. The “symthctic’’ compound may produce 
allergic reactions in individuals previously sensi- 
tized to other penicillins. 

Dimethoxyphenyl penicUlin (Staphcillin) ap- 
pears to be effective both in vitro and in Wvo 
against all strains of penicillinase-producing Sfaph- 
ylococctts aureus thus far studied. The drug is, 
however, only to 34o active against group 
A beta-hemolytic streptococci and neisseria, about 
"Yxo active against Diplococcus pneumoniae and 
Streptococcus viridans, inactive against gram-nega- 
tive bacilli, even those which are moderately sensi- 
tive to penicillin G, and only slightly inhibitory for 
Hemophilus influenzae. It is 50 times more active 
than benzyl penicillin for penicillinase-elaborating 
staphylococci, but probably only as effective for 
strains which do not produce this enzyme. Dimeth- 
oxyphenyl penicillin is little if at all inactivated by 
staphylococcal penicillinase, but it is inhibited by 
the penicillinases of Bacillus Ucheniformis and B. 
cereus (Neutiapen), although more slowly flian 
penicillm G. Exposure of staphylococci to this anti- 
biotic in vitro or in vivo does not lead to the 
development of resistance. 
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A number of serious systemic staphylococcal 
infections have been treated successfully \rith 
dimethoxyphenyl peniciUin. The recommended dose 
for adults is 1 Gm every 4 hr, and for children 100 
mg per kg body weight per day in equally divided 
quantities. The agent must be given parenterally; 
either intramuscular or intravenous injection leads 
to rapid excretion, useful levels being demon- 
strable for 4 hr when the former route is used and 
for 3 hr when the latter is employed. Benemid 
does not retard the excretion of this type of peni- 
cillin. Large quantities must be administered be- 
fore the antibiotic will diffuse into the cerebrospinal 
fluid. Among the untoward effects which have been 
observed following the use of dimethoxyphenyl 
peniciUin are pain and tenderness at the site of 
injection, local reactions, hypersensitivity phenom- 
ena (in parients allergic to other forms of penicil- 
lin) and superinfections. 

The development of dimethoxyphenyl penicillin 
unquestionably represents a major advance in the 
treatment of infections due to penicillinase-produc- 
ing staphylococci. This agent is yet too new to 
hare undergone complete evaluation, however, 
and the conclusions drawn presently may be modi- 
fied by longer experience. 

Penicillin is almost devoid of to.xicity in the 
human being. It does produce, howe^'er, a number 
of untoward effects, many of which are due to 
the development of hypersensitivity. These are 
discussed below. 

The clinical use of penicillin in treating specific 
infections is discussed in detail in other chapters 
of this book. 


STREPTOMYCIN 

Streptomycin, an antibiotic produced by Staphy- 
lococcus griseus, is active against the tubercle bacil- 
lus and both gram-positive and gram-negative bac- 
teria. Dihydrostreptomycin, a hydrogenated deriva- 
tive of streptomycin, is no longer used in clinical 
practice because of its propensity to produce 
irreparable nerve deafness. The exact mode of ac- 
tion of the drug is not known. For antibacterial 
activity to be present, the exposed organisms must 
be metabolically active but do not need to be grow- 
ing. The drug interferes with normal cell division 
without disturbing cell growih. It has been sug- 
gested that streptomycin interferes with the forma- 
tion of adaptive enzymes in inhibiting respiration 

Streptomycin salts are readily soluble fn water. 
The drug is poorly absorbed from the gastrointes- 
tinal tract but when given parenterally is well 
absorbed and distributed evenly in extracellular 
fluids. It penetrates the blood-spinal fluid barrier 
poorly unless meningeal inflammation is present. 
Renal excretion is largely by filtration, 80 per cent 
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of the anlibiotic appearing in the urine over 
period of 2 1 hr. 

The main route of administration of slrcptomj’cin 
is intramuscular. When a local effect in the intes- 
tinal tract is desired, the drug is giNcn orally: it is 
not absorbed in appreciable quantities when givxn 
in this manner. The infections in wliich streptomy- 
cin may be of value arc those produced by Iltnno- 
pMtis influcn:xie, some strains of Escherichia coV, 
Aerohncicr nerogcncs, and uncommonly piotcus, 
the tubercle bacdlus, and some strains of Staphy- 
hcocciis aureus and Streptococcus vMdans. The 
usual dose for adults is I to 2 Cm per day in 
equally spaced and divided quantities; in tubercu- 
losis, tlie entire daily dose may be given as a 
single injection For oral administration, the rec- 
ommended dose is 0.25 to 0.3 Gm escry 6 hr. 
Intrathecal administration may be important In the 
management of meningitis due to organisms sus- 
ceptible to streptomycin Tbc most important un- 
toward reactions arc fescr, rashes, urimary tract 
infection, seslibular dysfunction, and deafness. 

SpeclHc indications for the use of streptomydn 
in various diseases are discussed in other chapters 
of tills book. 

CIILORTETRACTCLINE (Aureomydn) 

This antibiotic, a product of Strcptomyccs atirco' 
faciens, has a wide range of actii'it)', encompassing 
not only many gram-positive and gram-negative 
bacteria, but also the rickctlslas and some of the 
larger "viruses” Many strains of Staphylococcus 
aureus and some of the gram-iicgativc bacteria 
such as Proteus vulgaris and pseudomonas may 
become rapidly insensitive to tlie drug. Absorption 
from the gastrointestinal tract is rapid but in- 
efiicient, as a result of destruction of tlic antibiotic 
"by intestinal contents Alter a single oral dose, it 
can be demonstrated in tlie urine for as long as 21 
hr. Concentration in the plasma falls rapidly below 
detectable level. Only a small proportion of the 
quantity injected parentcrally can be demonstrated 
in the urine. Aureomydn diffuses into the spinal 
duid but in smaller amounts than into the plasma. 
Subcutaneous and intramuscular injections arc not 
practical because of local irritation IVIicn the drug 
is given by mouth, nausea and vomiting occur oc- 
casionally. Attempts to overcome this gastric ir- 
ritation by the administration of aluminum hydrox- 
ide lead to a reduction of the scrum concentration 
of Aureomydn by 80 per cent or more; these two 
agents should not be used together. The ingestion 
of milk or food reduces gastric irritation without 
1 altering plasma levels of the drug Mild diarrhea, 
associated with loose, bulky stools, may be caused 
by the local irritation or alteration in the bacterial 
flora of the intestinal tract due to the g n tihiotie. 
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Tlie dose of the antibiotic is 1 to 2 Cm per 
day, given in divided doses at 0-hr intervals. TImJ 
dose for intravenous administration (buffered solu- 
tions) in adults should not exceed 2 Gm per day’ 
because of the risk of "toxic'’ hepatitis. 

OXVTnTRACYCLINn (Tcrramycin) 

Tcrramyrin, an antibiotic produced by Slrcplo- 
myccs fimosus, Is very closely related chemically to 
Aiircomycin. It may be administered orally of 
intravenously. Tlic most commonly tiscd form of 
Terramvein Is the capsule of the crystalline hydro- 
clitoridc salt for oral use. Intravenous injection of 
this antibiotic slmiild be reserved for instances of 
severe illness or for cases in which It cannot bo 
taken by inoutli. Solutions of Terramjein must bO 
properly buffered. 

Tcrramycin is absorbed rapidly from the gastro- 
intestinal tract. No significant difference fa present 
in llic pl.xsma concentration vvhen the agent IS 
given in the f.isting or nonfasting state. A singlt’ 
oral dose may produce detectable concentrations 
in the blood for as long as 24 hr. When £30 
of the drug is given at 0-hr intervals, blood levels 
arc usually in the order of 5 to 10 yig per ml 
throughout the 21.hr period. Intravenous injectior* 
produces senim levels ranging between 5 and lO 
l«g per ml at the end of 1 hr and from 1 to 5 
/igpcrml after 12 hr. 

The clinical applications of Terramy-dn are prac' 
tically the s.ime ns tliosc of Aureomydn 

TCTIUCyCUNE (Achromycin) 

Achromydn is closely rekitcd chemically to both 
Aurcomycm and Tcrramycin. It fa csscnlkilly the 
skeleton structure of these two antibiotics and iji 
prepared symlhclitally The biologic activity of 
Achromycin fa equal to th.it of Aureomydn and 
Tcrr-imycin. Achromycin is useful in the sam<? 
infections as arc known to respond favorably ttJ 
either Aurcomycin or Tcrramycin Tlie incidence 
of side reactions, such as nausea, vomiting, and 
diarrhea, is said to be lower following the use of 
Achromydn than has been observed with the other 
related drugs. The development of bacteria! resist- 
ance to Achromycin is accompanied by- simultane- 
ous loss of sensitivity to other agents. 

Achromydn is stable in solution The drug fa 
available in the form of the crystalline hydro- 
chloride in capsules and as a dispersible powder, 
for intravenous use. Intravenous therapy sliould he 
emplc^-ed only in patients who are unable to tak^ 
medication by moutli. Tlie average adult dose fa 
500 mg intravenously at 12-br Intervals. Thi# 
dosage may be increased to a maximum of 500 mg 
every 6 hr. For oral treatment a dose of 1 to 3 
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Gm divided into four doses per day is usually 

adequate. 

DEMETIIYLCIILORTETRACYCLINE 

(Dcclomycin) 

Dcmeth)lchlorletrac}’cline is a fermentation 
product of a mutant strain of Strcptomyces atirco- 
faciens. It differs from clilortetracj’cline in the ab- 
sence of a mctliyl group. Dcclomycin is liighly 
stable and is about twice as active as Achromycin 
against most organisms. The rate of renal excre- 
tion is less than half of Achromycin. Smaller doses 
of Dcclomycin are required tlian of Achromydn to 
obtain the same clinical result. The demcthylatcd 
compound needs to be given less frequently; two 
doses per day are said to suffice. Large quantities 
may produce diarrhea. Photosensitivity may develop 
during ingestion of Declomydn. 

CHLORAMPHENICOL (Chloromycetin) 

The initial preparations of Chloromycetin, a 
fermentation product of Strcptomijccs vcnczucJac, 
have been isolated in pure cr)’stallme form and 
sj'nthcsized. There is no difference in the anti- 
bacterial activity of the s)'nthctic and the natural 
products. Chloromycetin affects Uie amino odd 
metabolism and drastically inhibits protein s}'nthcsis 
in sensitive organisms. 

Chloromycetin is stable in the dry state. It is 
highly solu&lc in water. Some of its salts arc soluble. 

Most treatment with Chloromycetin is carried 
out by the oral route, altliough preparations arc 
available for intramuscular or intravenous injec- 
tion. The demonstration that this agent may on oc- 
casion depress the bone marrow suggests caution 
in its administration. The drug is rapidly absorbed 
from the gastrointestinal tract, appearing in the 
blood within a few minutes. The maximal concen- 
tration occurs at the end of 2 hr, but some may 
still be found after 16 or 24 hr. About SO per cent 
of the quantity administered orally can be demon- 
strated in the urine; however, only about 15 per 
cent is biologically active. Inactivation appears to 
be due to conjugation with glucuronic acid. 

A large number of organisms are susceptible to 
Cliloromycetin. Although it is active against some 
typos of gram-positive bacteria, it is most effccliv’c 
against the rickettsias and gram-negative organisms. 
Staphylococcus aureus, coliform bacilli, and other 
enteric organisms are known to become resistant 
to this antibiotic. 

Aside from the mOd gastrointestinal irritation 
produced by Chloromycetin, the most serious un- 
toward effect which results is depression of the 
bone marrow’. Granulopenia develops Erst and 
may be followed by aplastic anemia if administra- 
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tion of the drug is continued; this is rare. The other 
complications of Chloromycetin therapy are dis- 
cussed below. 

ERYTIIRO.NnCIN (Ilotycin) 

Erytliromycin, an antibiotic elaborated by Sfrep- 
tomyces crythreus, has been produced in crystalline 
form. It is soluble only to the extent of 2 mg per 
ml in water, but it is highly soluble in alcohols and 
in a number of other organic solvents. 

Tlie usual route of administration of erythromy- 
cin is by mouth; the drug is absorbed from the in- 
testinal tract. There is a rough correlation between 
maximal blood level and the dose of antibiotic 
ingested. Peak serum concentrations appear 1 to 2 
hr after ingestion of a dose and decline rapidly so 
that the agent is no longer demonstrable after 
4 to 6 hr. Only small amounts are recovered from 
llie urine. 

Gram-positive organisms, including Staphylococ- 
cus aureus, are highly sensitive to erythromycin, 
being inliiblted, on the average, by concentrations 
of less than 1 pg per ml. 

In clinical practice, the use of eiythromycin 
should be restricted to the treatment of infections 
due to staphylococci or other penicillin-resistant 
gram-positive organisms. It is also of value in the 
thcrapj' of bcla-hcmolytic streptococcal and pneu- 
mococcal infections in individuals sensitized to 
penicillin. 

Bacteria exposed to ei}’thromycin either in vitro 
or in vivo become resistant to the drug quite 
rapidly. 

BACITRACIN 

Bacitracin, a polj’pepb’de antibiotic produced by 
a strain of Bacillus sublilis, has an antibacterial 
spectrum resembling that of penicillin. The drug 
is soluble in water or physiologic saline solution. 
For s)'stemic administration it is usually dissolved 
in 2 per cent procaine solution in physiologic 
sab'ne solution. 

Very little bacitracin is absorbed from the gastro- 
intestinal tract, although it inhibits the growth of 
many bacteria in the bowel, including clostridia and 
gram-positive cocci. The antibioUc appears in the 
blood and tissues, but very little diffuses into the 
cerebrospinal fluid after intramuscular injection. 
The renal clearance of the drug is low and approxi- 
mates the glomerular filtration rate. Bacitracin is 
excreted slowly; plasma concentrations may remain 
elevated for several hours. 

Bacitracin has its greatest clinical application 
m the therapy of infections due to Staphylococcus 
aureus and other gram-positive bacteria, particu- 
larly those resistant to other antibiotics. The intra- 
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muscular close is 15,000 to 20.000 units given four 
limes a day. Larger quantities Increase the risk of 
serious renal damage. Careful ottention must be 
gis’cn to the dcsclopmcnt of nephrotoxic manifesta- 
tions, if kidney dysfunction becomes appreciable, 
the drug should be discontinued. 


POLYMATCIN (Acrosporin) 

PoIvm\Tcin is a polypeptide antibiotic obtained 
from UaciUus pohjmijxa. Tlie prmcipal effect is 
upon gram-negative bacilli, for which it Is one of 
the most potent chemotlierapcutic agents available; 
strains of Frolciis are, ho\ve\cr, resistant. The drug 
can be administered intramuscularly at inlcrx'als 
of 8 or 12 hr, the total daily dose being 0 2 to 0,5 
Cm. It IS not absorbed from the bowel, but it elimi- 
nates sensitive organisms from the intestinal flora. 
Following parenteral use it disappears from the 
blood quickly. It does not pass into the cerebro- 
spinal fluid and cannot be detected in the bile or 
in the urine in biologically active form Consider- 
able limitation of usefulness arises from its toxicity 
for the kidney, and because of the danger of renal 
damage, this chemotherapeutic agent sliould be 
employed only when others arc ineffective and 
when the patient's life is in jeopardy Impresche 
clinical results have been produced in some cases 
of Pseudomonas cenipnosa bacteremia or menin- 
^tis. 


NEOMYCIN 

Neomycin, an antibiotic derived from a strain 
of S/rcp/omijfCs closely related to Strcpiomijces 
fradiac, is a basic compound, heat stable, and re- 
sistant to the action of acid (pH 2). It is b.xctcri- 
cidal in vUiQ a^inst a vaxwey of g.raTO- 
iH’g.iliNc and gram-positive org.misrns There is 
some indication that it is higlily effecth'e in lire 
treatment of infections due to Proteus lulgans. 
The dnig has been administered by oral and paren- 
lir.-!! routes Absorption from the intestinal tract 
IS rcl.ili\ cly poor The usu.al oral dose of neomycin 
is 2 Cm in divided doses per day. The antibiotic 
rn.iy .ilso be administered intramuscularly; tire 
daily dose is 1 tu 2 Cm. 

Although the in ntro nntibactcria effectiveness 
of neomycin is impressive, its clinical uscfu'ncss is 
sluirply limited by high toxicity when it Js given 
■parcnterall) Kidney and eighth nerve damage 
ncctir m a significant number of patients. In view 
if these untoward effects, neomycin should net'c, 
l>c the first drug employed In the trc.itmcnl of any 
mfi’ctioii It should be rescrxcil for those dirc.'iscs 
111 whitli no other antibiotic is cffccthc and in 
which Uic inIi.ction threatens life. 


NOVOBIOCTN 

Noxobiocin (Calhomycin, Streptonivicin, Alba- 
mycin. Cardelmycin) is elaborated by both Strep- 
tomyces fiieeus and Slreptomyces sphcrokles. It is 
a dibasic substance. Salts formed with metal ionS 
dissolve readily in aqueous solution. In vitro, thd 
drug Inhibits the growth of strains of Sfapliylo- 
coccus aureus resistant to other antibiotics ns well 
as hemolytic streptococci, brucellas, the pneumo- 
coccus. the meningococcus, J{emophthis pertussLi, 
pastcurella, and protcus organisms. Tlierc is ;i 
marked ikcrcase in antibacterial activity in the 
presence of serum; more than 90 per cent of novo- 
biocin appe.irs to be bound to serum protein. Tho 
drug is rapidly absorbed from the intestinal tract; 
it may also be given parenterally. It is excreted 
slowly in the urine; appreciable amounts are de- 
tectable in the scrum for 2A hr. 

The use of nox’obiocin should be restricted tc> 
die treatment of staphylococcal infections due to 
strains which are insusceptible to other antibiotiO 
agents, because it has no advantages over othef 
drugs when employed for the eradication of othef 
sensitive organisms, However, pioteus is sometime^ 
sensitive to novobiocin, and Its use has proved 
effective in infections produced by strains of thi# 
organism insensitive to other antibiotics, Staphylo* 
cocci become resistant to novobiocin rapidly. Fof 
this reason, it should not be administered alone! 
but should be given concurrently with anothef 
antibiotic to wlu'ch the infecting strain is sensitive. 
The usual dose of novobiocin is 0.5 Cm at 8-hf 
intervals orally, or 1 to 2 Cm, in equally divided 
doses, mlramuscu].irly. Nausea, vomiting, dermati' 
tis, and fever have been noted follow’ing its ad- 
ministration. 

KANAMYCIN (Kantrcx) 

Kanamycm is a water-soluble basic antibiotic 
obtained ns a fermentation product of Strcptojnijccs 
kanamtjecUats. It is distinct from but related 
closely to neomycin and has a lesser but definite 
rebtionship to streptomycin. It is active against 
gram-negative bacteria such as PscherlcJim coh, 
Aerobacter aerogencs, salmonella; gram-positive or- 
ganisms, such as Staphylococcus pyogenes var 
aiireiw, and the tubercle bacillus. It is ineffective 
against streptococci, Dlplococcus pnei/nionitj, and 
Clostridia. In high concentrations the drug is bac- 
tericidal, in lower ones bacteriostatic 

Kanamycin has been sliovvn to bo of use in a 
limited number of cases of urinary tract infection, 
shigellosis, ty'phoid fever, bacteremia due to gram- 
negative bacteria, peritonitis, systemic staphylo- 
coccal infections, and some types of tuberculosis 
It must be stressed tb.it. although kan.imycin is a 
so-called “broad-spectrum" antibiotic, it is not a 
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substitute for all other antimicrobial agents. This 
drug should be reserved for the management of 
infections due to organisms not susceptible to those 
antibiotics with which there has been a much 
broader and extensive e.xperieneo. Kanamycin has 
been suggested for the reduction of intestinal bac- 
teria; for this purpose it is given orally, since, by 
tills route, it is very poorly absorbed and the risks 
of toxicity are minimal. 

For the treatment of systemic infection in adults, 
tlie recommended dose of kanamycin is 0.23 to 0.5 
Cm every 4 hr intramuscularly. When this anti- 
biotic is given orally, the suggested dose is 4 to 12 
Gm per day. Intramuscular injection of the drug 
yields peak blood levels at 1 to 2 hr, the concentra- 
tion vaiying with the quantity administered. Kana- 
mycin is secreted into the cerebrospinal fluid, bone, 
and heart very poorly. The concentrations in the 
kidneys and muscle approximate those in the blood. 

Among the untoward effects of the parenteral 
administration of kanamycin are pain at the site 
of injection, skin eruptions, damage to the eighth 
nerve, and nephrotoxicit)*. Tlie latter two are the 
most important; their incidence is related to the 
total dose of the drug given. The risk Is less witli 
25 mg per kg than with SO mg per kg. Most 
patients who receive kanamycin dc\elop cylindru- 
ria, and many develop albuminuria. 


VANCOMYCIN (Vancocin) 

^'ancomyc^n, a water-soluble antibiotic elabo- 
rated by Sircplococcus oricntalis, is active mainly 
against the beta-hemolytic streptococcus. Strepto- 
coccus faccalis, Dlplococcus pneumoniae. Neisseria 
gonorrhocae, Conjnebacterlum diphlheriae. Clostri- 
dium tetani, and staphylococcus and ineffective 
against all gram-negative rods, such as Escherichia 
coH, Aerohacter aerogenes, pseudomonas, and pro- 
teus, and the tubercle bacUIus, yeasts, and fungi. 
The majority of strains of staphylococcus are in- 
hibited by a concentration of 2 jag per ml. Resist- 
ance to vancomycin develops in staphylococci only 
to a very small degree, if at all. 

Vancomycin is not absorbed from the gastro- 
intestinal tract and must be administered intra- 
venously to produce the desired clinical effect. The 
usual parenteral dose for adults is 1 to 2 Cm, 
divided into four equal parts per day. The admin- 
istration of 500 mg intravenously every 6 hr is 
recommended for the treatment of staphylococcal 
bacteremia. This is increased to 1 Gm every 8 hr 
in cases of endocarditis or meningitis doe to 
Staphylococcus pyogenes var. aureus. The usual 
period of therapy is 2 to 4 weeks. The drug is best 
dissolved in distilled water, 20 ml for 1 Gm for 
intravenous administration. 


CIIA7. Ill 877 

Pain at the site of intravenous injection of vanco- 
ji^'cin is relatively frequent. Thrombophlebitis is 
common, especially in children and adults with 
small veins. Skin eruptions, usually morbilliform in 
character, may result from sensitization to the 
drug. Most patients receiving vancomj'cin have a 
large number of hyaline and granular casts and 
albumin in the urine, and nitrogen retention can 
appear. Nerve deafness may also occur, 

RISTOCETIN (Spontin) 

Ristocetin, an antibiotic elaborated by Nocardia 
lurlda, contains two components, ristocetin A and 
ristocetin B, the latter being about three times more 
active than the former. The drug is bactericidal at 
the same level as it is bacteriostatic and is active 
against gram-positive organisms including staphy- 
lococci, enterococci, beta-hemolytic streptococcus, 
Clostridia, Diphcoccus pneumoniae, Actinomyces 
bovis, listerias, and mycobacteria including the 
tubercle bacillus. It is said to be especially effective 
against staphylococci resistant to a variety of other 
antibiotics. There is no cross resistance with eryth- 
romycin or penicillin. 

The main application of ristocetin at present is 
the treatment of staphylococcal infections pro- 
duced by strains of organisms insensitive to the 
more commonly used antibiotics. It is not the drug 
of choice in ^e management of disease due to 
pneumococci or beta-hcmolytic streptococci. Infec- 
tions produced by enterococci resistant to other 
antibiotics may respond to the administration of 
ristocetin, and the use of this agent should be con- 
sidered in instances of endocarditis due to strains 
of this organism insensitive to penicillin. The drug 
Is of no value 5n the management of disease due to 
gram-negative bacilli, such as Escherichia coU, 
Acrobacter aerogenes, proteus, and pseudomonas. 

Ristocetin is not absorbed from the gastrointes- 
tinal tract and requires intravenous or intramuscu- 
lar injection when used to treat systemic infections. 
The dose for serious infections is 50 mg per kg 
body weight divided in two equal parts given at 
12-hr intervals; for less serious disease, the dose is 
reduced to 25 to 37 mg per kg. The intravenous 
route yields the highest blood lev’cls, but intra- 
muscular administration of large doses produces 
satisfactory serum concentrations. 

Ristocetin is excreted largely in the urine. It docs 
not penetrate tlie normal meninges, and cerebro- 
spinal fluid levels are not produced or are very 
low. The action of ristocetin is enhanced in the 
presence of globulin. 

Thrombophlebitis occurs at the site of intrave- 
nous injection of ristocetin. Skin eruptions and 
fever have followed use of the drug. Rarely, de- 
pression of the while blood count with the develop- 
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mcnt of neutropenia may occur. Throtubopenia, 
with and without bleeding into the skin and mu- 
cous membranes, has also been observed. Patients 
receiving ristocetin should ha\e uJute blood counts 
carried out every other day. Smears of the blood 
should be studied carefully for the presence of an 
adequate number of neutrophils and thrombocytes, 
in questionable cases, it is important to determine 
tile total number of platelets. 


PAnO.MO>n'CIN (Ilumatin) 

Paromomycin, an antibiotic produced 1^' a strain 
of Strcptomyccs, is presently employed for reduc- 
tion of the number of bacteria in the intestinal tract 
and for the treatment of intestinal infections due 
to salmonellas, shigellas, and Endamoeba histohjt- 
ica. This drug is effective in vitro against gram- 
positive organisms including Cotynehacterium 
dxphlhcTtae, Staphylococcus aureus, and Strepto- 
coccus fecahs and gram-Bcgaliic bacilli such as 
Eschcriehia eoli, Aerobacter acrogenes, paracolon 
bacillus, Klebsiella pneumoniae, Pasteurdla muUo- 
cida, brucellas, and some species of Proteus. It Is 
also active both in vitro and in vivo against the 
tubercle bacillus. Pseudomonas aeruginosa is not 
affected. 

Data concerning the eflects of parenteral admin- 
istration of Ifumatln are too meager to allow any 
conclusions concerning its range of therapeutic 
acUvit)' and untoivard effects at the moment. Most 
of die aiailablc information concerns the oral ad- 
ministration of this agent which, given by this 
route, luas a low degree of toxicity and is absorbed 
from the gastrointestinal tract to only a very lim- 
ited degree. 

Paromomycin is effective in the management of 
€ut,«x\t.vs dvw, Vs sta'ivsvs Sftluvovwlla Shigella. 
It h.is .also been shown to eradicate the chronic 
earner state with these organisms: fadtircs after 
one course of therapy for 2 weeks frequently clear 
following a second exposure to the drug; the dose 
usuallj employed is 2 Cm per day orally. Hiiiziatm 
is a direct amebicidal agent: infections of the colon 
due to Endamoeba histolytica respond rapidly and 
with a high degree of success to the daily ingestion 
of 15 to 25 mg per kg body weight of the drug for 
7 to 10 days. Both trophozoites and cyst fonns are 
eliminated. This drug is presently thought to be 
the most effective of the antibiotics, with the ex- 
ception of fumagilhn, for the management of ame- 
biasis. 


NYSTATIN (Mjeostatin) 

Xvstnfm, ekaborated by Strcptomyccs noursei, is 
insoluble in fat solvents, higWy soluble in methanol. 


and svdublc to tlie extent of 10 to 20 units pet r^l 
in water. It is poorly absorbed from the gastro- 
intestinal tract. High blood levels follow intrave- 
nous injection. This antimycotic agent is emplo)’(?d 
for local application in the form of ointments, solu- 
tions, powders, suppositories, and gels. Topic.il u5e 
in the treatment of Candida infections of the skin 
and v'agina has been reported to be successful. 

The usual oral dose of nystatin is 150 mg (500,- 
000 units} three times a day. Although an occa- 
sional case of disseminated mycotic infection has 
been treated parenterally witli nyst.atin with re- 
ported good results, the place of this agent in the 
therapy of deep-seated mycoses still remains to he 
determined. 


AMPIIOTERICLN (Fungizone) 

Amphotericin B is the only agent presently 
available for the treatment of deep-seated mycotie 
infections. This agent produces cure in most cases 
of cryptococcosis, histoplasmosis, blastomycosis, 
disseminated candidiasis, and coccidiomycosis. If 
may be administered either intravenously or Intra- 
muscularly, and must not be dissolved in salute 
because it precipitates in this medium. For Intrav®* 
nous administration, the drug is dissolved in 5 
per cent glucose to a concentration of 1 mg per iO 
ml and infused over a period of 6 hr. Solutioi^s 
maintained .it room temperature over 24 hr mu*t 
be discarded. The initial intravenous dose is 0 
mg per kg body weight; this is increased by 
Increment of 0.25 mg per kg per day until a do^c 
of 1 mg per kg is reached, when therapy is co<i- 
tinued at tlus level for 30 to 60 days In infections 
which do not respond favorably the dose may V® 
increased to 1.5 mg per kg per day. If therapy is 
slopped and later reinstituted, it is best to begu 
again with 0.25 mg per kg. The intramuscular do^® 
is 20 mg dissolved in 2 ml of 5 per cent glucoS® 
to which a local anesthetic is added; this quantity 
is given daily. In mycotic meningitis the intrathecal 
injection of 0.5 to I mg of the drug dissolved /u 
5 ml of water every 48 hr has been recommended. 
Tlie initial intravenous administration of ampho- 
tericin Is frequently associated with a febrile re- 
sponse often accompanied by chills. These reac- 
tions tend to diminish with each succeeding 
infusion, and their frequency and intensity m.ny b® 
reduced by giving an antipyretic or antihistaminic 
agent prior to treatment. The drug should be 
omitted during a febrile reaction. Among the other 
untoward effects of amphotericin are headache, 
nausea, vomiting, phlebitis, hepatitis, and azo- 
temia Increase in nonprotein nitrogen should not 
be allowed to exceed 40 mg per 100 ml. If tlie noO- 
protein nitrogen rises, the antibiotic should be 
withheld temporarily or given on alternate days 
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GIUSEOFULVIN 

Griseofulvin is an antifungal agent produced hy 
several species of PeniciUitim. Exposure of certain 
fungi to this agent leads to shriveling of the hy- 
phae which become stunted, the so-called "curling 
phenomenon. The drug probably acts by interfer- 
ing with nucleic acid sjTithesis. It is absorbed from 
the gastrointestinal tract and incorporated in newly 
gro\ving cells: it is found in the hair of persons 
under b’eatment. 

Griseofulvin is effective in tlie treatment of in- 
fection due to dermatophytes. Thus, tinea capitis, 
corporis, and cruris, onychomycosis, and derma- 
tophytosis respond well to the administration of 
this agent. The drug is fungistatic but not fungici- 
dal for Trichophyton gypsetim, riibrum, schocn- 
lenii, sulfuretim, tonsurans, and vcrrucosum; 
Epidermophyton /loccosum; and Mtcrosporiim ati- 
dounii, canis, and gypseum. Infections due to these 
organisms respond to the use of griscofulvan. Can- 
di^asis, blastomycosis, actinomycosis, torulosis, 
pityriasis versicolor, and mucormycosis are un- 
affected by the drug. 

The dose of griseofulvin is 250 mg given orally 
three to four times a day in adults; in chfldren, 
one-half the adult quantity is administered. Ther- 
apy must be continued for an adequate period. The 
average duration of treatment for tinea capitis, 
cruris, and corporis is 2 to 8 weeks; infections of 
the palms and soles require a longer period of 
exposure to the drug. Griseofulvin must be given 
for 4 to 6 months to eradicate onychomycosis; in- 
volvement of the toenails requires longer treatment 
than that of the fingernails. Attempts to reduce the 
duration of therapy have been made using topical 
application of the antibiotic (1.5 per cent in sus- 
pension ^vlth surfactants, stabilizer, and urea in 
glyceride oil) or by a short oral administration 
followed by surgical removal of the affected nail. 
Relapses are not infrequent but usually respond to 
re-treatment. 

Although griseofulvin has been used for only a 
short period of time, the untoward reactions which 
have been observed include nausea, vomiting, epi- 
gastric discomfort, dizziness, insomnia, anorexia, 
fatigue, diarrhea, stomatitis, albuminuria without 
decrease in renal function, transient leukopenia, 
and urticarial, vesicular, and maculopapular rashes. 
Although suppression of spermatogenesis occurs in 
animals, this has not been observed in man. Super- 
infection with Candida may develop. 

NITROFURANTOLN (Furadantin) 

Nitrofurantoin [N-(5-mtro-2-furfurylidenc)-l- 
aminohydantoin] is an antibacterial agent of value 
primarily in the treatment of some tyqjes of urinary 
tract infection. It is poorly soluble in water. The 
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drug is bacteriostatic and, in high concentrations, 
is bactericidal. It is most active against Escherichia 
coU (bactericidal), of intermediate effectiveness 
against Aerobacter aerogenes, and completely with- 
out effect against Pseudomonas aeruginosa (P. 
pyocyanea) . The activity of the drug against Pro- 
tens is variable, although many strains are quite 
sensitiv'e. Staphylococcus aureus and enterococci 
are inhibited by low concentrations. 

Nitrofurantoin is administered orally, usually in 
a dose of 7 to 10 mg per kg body weight (100 to 
200 mg four times a day). Useful blood levels 
cannot be produced. The drug is excreted in the 
urine. Within 4 to 6 hr after a maxim al clinical 
dose, the concentration in the urine is 25 to 50 
mg per 100 ml; 8 hr after a dose, the levels are 
low. With highly alkaline urine, as is the case in 
protcus infection, the inhibitory effect of nitro- 
furantoin appears to be depressed; for this reason, 
the simultaneous administration of an acidifying 
agent has been suggested. The development of 
bacterial resistance to the drug has not been noted. 

The infections of the urinary tract which re- 
spond most favorably to therapy with nitrofuran- 
toin are tl^e acute and uncomplicated ones. Infec- 
tions produced by E. coll are the most easily 
eradicated by this agent. Those due to P. aerugi- 
nosa are totally unaffected, and infections caused 
by Aerobacter aerogenes occupy an intermediate 
position. Pseudomonas aeruginosa may appear in 
the urine for the first time during a course of treat- 
ment with nitrofurantoin. Although the drug has 
been said to be most active against proteus infec- 
tion, the results are quite variable. Not infre- 
quently, this organism is only temporarily sup- 
pressed and reappears after cessation of therapy. 

Nitrofurantoin is relatively nontoxic. Nausea, 
with or without vomiting, is the commonest un- 
toward reaction. \'arious types of rashes have been 
described. Leukopenia occurs rarely. 

TUBERCULOSTATIC DRUGS 

Although streptomycin is effective in the treat- 
ment of all types of tuberculosis, the use of this 
agent alone leaves much to be desired in the way 
of maxima] antibacterial effect as well as in pre- 
venting the emergence of dnig-resistant strains of 
Mycobacterium tuberculosis. For these reasons, at- 
tempts have been made to develop other com- 
pounds possessing tuberculostatic activity which 
might be given concurrently w'ith streptomycin. 
Two such agents are para-aminosa!icyL‘c acid and 
isonicotuiic acid hydrazide. 

Para-aminosalicylic Acid (PAS). Para-aminosali- 
cj'lic acid, a white crystalline powder, is sparingly 
s^uble in water but easily dissolved in the form 
of its sodium salt This agent has a bacteriostatic 
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effect in vitro against many strains of ^lycobacte^ 
rium tubercvlosts, csen tliose which have become 
streptomycin-resistant. Tire antibacterial acth?ity is 
not inhibited by serum or sodium salicylate but is 
partially decreased by para-aminobenzoic add 
(PABA). 

Para-ammosalic)'clie acid and its sodium salt 
when given orally are rapidly absorbed and quickly 
c.\crctcd. It is necessary to give the drug frequently 
in order to reacli and maintain adequate blood 
levels. A single dose produces maximal serum con- 
centration within 30 to 60 min of odminislralion; 
thereafter there is a gradual fall so that the agent 
disappears from the blood in 2 to 3 hr. 

Para-aminosalicylic acid is usually given orally. 
Since considerable gastric Irritation may result 
from the large quantities necessary, the concurrent 
administration of various tjpes of alkali or milk is 
adiisable. Various mixtures containing flavoring 
and alkaline compounds hai’e been employed. 
Preparations for intraxenous use are also available; 
these should be rescn’cd for patients in whom 
severe gastric distress prohibits oral use or for 
those in coma. The usual quantity given by mouth 
is 8 to 12 Gm per day in divided doses. Although 
it has been reported ^at PAS alone may be effec- 
tive in the treatment of mild tuberculous Infections, 
it IS best to give this agent together with strepto- 
myem. The details of this type of treatment are 
described on p. 1010. Tubercle bacilli may become 
resistant to PAS if this drug is used atone. 

The most common toxic effects produced by PAS 
are nausea, vomiting, and burning epigastric dis- 
tress Diarrhea occurs occasionally, Toxic damage 
to the liver and potassium deficiency have been 
recorded. Occasionally tinnitus and reduction in 
the acuity of hearing may develop; they usually 
disappear rapidly after cessation of treatment. 

Isowicotmvc Acid llydraxidc. Of all tW twbcicw- 
lostatic agents, isonicotinlc acid hydrazide has the 
highest activity in vitro It is not effective against 
organisms other than Mijcohacleria 

Isonicobnic acid hjdrazide is administered 
orally, as a rule, and is almost completely absorbed 
from tlie digestive tract. One-half to three-quarters 
of the amount ingested is recovered from the urine 
in 24 hr, and not more than 5 to 10 per cent ap- 
pc.!rs in the feces. The pe.ik serum concentration 
tn.i> occur 1 to 3 hr after administration, and mini- 
' detectable concentrations persist for 0 to 24 hr. 
f drug is well distributed in the various body 
fluids and is not inactivated by them; it is present 
uv spwtum, virine, pleural exudate, plasma, and 
cerebrospinal fluid in active form. It passes Uie 
jbloocMirain barrier readily, and in cases of menin- 
geal inflammation the quantities in the spinal fluid 
may be kirgcr than those in the plasma, m.vUng it 
extremely valuable in tuberculous meningitis. 


Cultures of tubercle bacilli acquire resistance to 
isonicotmic acid hydrazide readily. Insensitive 
strains are recovered from the majori^ of tubercu- 
lous patl«)ts who receive this drug alone for 1 to 2 
mondis. Tliere is no cross resistance betw'een isonic- 
otinic acid hydrazide and streptomycin or PAS. 

Isonicotinlc acid hydrazide sho^d be given in 
combination with streptomycin or PAS. 

There is a great deal of variation in the metabo- 
lism of isonicobnic acid hydrazide in man. Some 
individuals inactivate the drug slowly, while others 
inactivate it rapidly. The slow inactivator is an 
autosomal homozygous recessive, while rapid in- 
activators are of two types, heterozygotes and 
homozygous dominants The process of inactivation 
is probably enzj'me mediated and may consist in 
a facilitation or speeding of acetylation of the drug. 
The development of polyneuritis and reversal of 
infectiousness are more frequent and earlier in slow 
than in rapid inactivators. There appears to be no 
association between the isonicotinic acid hydrazide 
inactivator type and the appearance of drug resist- 
ance in tubercle bacilli. 

The dosage of this drug is discussed on p, 1010. 

Although isonicotinic acid hydrazide is relatively 
nontoxic, a number of untoward effects may de- 
velop. These include drowsiness, hyperreflexia, 
tremor ol the bmbs, twitching of the legs, weak- 
ness, difficulty of micturition, nausea, abdominal 
dbcomfoit, transient flushing of the face, pniiitie 
skin eruptions, peripheral neuropathy, acute pel- 
lagra, toxic hepatitis with jaundice, temporary 
arterial vasospasm, epileptiform seizures, and psy- 
chotic reactions. The administration of 100 mg per 
day of pyridoxlne virtually eliminates the appear- 
ance of reactions related to dysfunction of the 
nervous system and does not alter the serum con- 
centrations of antimicrobially active isonicotinic 
acid Ky dxatide. 

PjTazinamidc and Cycloserine. Two of the more 
recently developed antituberculous agents are cy- 
closerine, a fermentation product of Streptomyccs 
orchidacetis, and pyrazinamide (Aldinamkie), a 
^nlhctic compound. Both have been used in the 
treatment of human tuberculosis, especially that 
due to organisms resistant to streptomycin or isonic- 
otinic acid, or both, with promising results; they 
should not constitute primary therapy. Tlieir effec- 
tiveness when given in combination with other 
tuberculostatic agents is under invesUgation. The 
usual dose ol cycloserine is 0.75 Gm given four 
times daily, while that of pyrazinamide is O.OS 
Cm per kg body weight per day. Although of low 
toxicity, cycloserine has been thought to cause 
cpileptifonn seizures (10 pet cent), changes in 
personality, or definite depression in some patients. 
The administration of 100 mg of pyridoxine per 
day may eliminate all these manifestations. The 
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most serious untoward reaction to pjTazinamide is 
acute hepatitis; joint pains, nervousness, palpita* 
tion, feeling of tightness in the chest, febrile reac- 
tions, and eosinophilia have also been noted. 

SELECTION OF A CHEMOTHERAPEUTIC 
AGENT 

In the therapy of infections the physician has to 
choose among an e\'er-incicasing number of anti- 
bacterial drugs. In order to obtain the best results, 
it is essential that he have a working knowledge 
of the common pathogenic microorganisms. IVhile 
cultural studies are perhaps theoretically desirable 
in every case, they are not always practicable. In 
many instances tlie etiology can be inferred from 
the onset and the clinical features of the disease. 
Ncvertlieless, it must be stressed that there are 
situations in which careful bacteriologic studies are 
essential to proper treatment, and the conscientious 
physician must take u’hatever steps are required to 
obtain experienced bacteriologic help. 

Even when the etiology of an infectious process 
is determined, selection of an appropriate drug 
does not follow automatically, because there may 
be svide variations in susceptihOity among organ- 
isms of the same or related species. For example, in 
treating a series of proteus infections, it will be 
found that some strains respond only to strepto- 
mycin, others to sulfonamides, Aureomycin, Chlo- 
romycetin, or even neomycin. The cost of the dif- 
ferent drugs has to be considered at times, since 
there are very Nvide differences. The nature of the 
illness may also affect the choice of agent; for 
example, an orally administered drug may be un- 
satisfactory in a patient who is vomiting. In criti- 
cally ill patients it is sometimes ^visesl to give a 
combination of drugs until cultural and sensitivity 
studies reveal which is specifically indicated. In 
such cases, cultures should always be taken before 
initiation of therapy. If an individual has previ- 
ously shown hypersensitivity or any other serious 
reacb'on to a drug, or if he develops such untorvard 
effects during therapy, a different agent should be 
used, if possible. The approximate order of prefer- 
ence of various antibacterial drugs will not be tabu- 
lated, as is the usual custom, in this chapter. In- 
stead, the reader is referred to the discussions of 
the therapy of specific infections in other parts of 
this book, where the agents of primary and second- 
aiy value in treatment are indicated 

COMBINATIONS OF ANTIBACTERIAL 
AGENTS 

Treatment of Mixed Bacterial Infections. In 
bronchiectasis, peritonitis, and some cases of acute 
or chronic otitis media and urinary tract infection. 


two or more organisms are often involved. In some 
instances, the responsible bacteria, although of dif- 
ferent species, are sensitive to a single antimicro- 
bial agent, while in others they have distinctly 
different drug susceptibilities. This emphasizes the 
need for determination of the drug sensiti\'ity of 
each of the components of a mixed flora individ- 
ually before therapy is initiated. The antibiotics to 
be given are selected on the basis of these studies 
and administered in full doses- In some cases it 
may be mnecessary and even dangerous to delay 
initiation of treatment until definitive bacteriologic 
data are available. Peritonitis is an outstanding 
example. Because both gram-positive and gram- 
negative organisms may be acting synergistically 
to produce this disease and because delay in ther- 
apy may result in a rapidly fatal outcome, treat- 
ment should be started immediately with maximal 
quantities of the antibiotics known to be most 
effective against these types of bacteria. Many 
clinicians prefer to give penicillin (5 to 10 million 
units per day) together with streptomycin (1 to 2 
Gm per day). In bronchiectasis and in clironic 
otitis media and urinary tract infections, except 
when acute exacerbations occur, therapy need not 
be initiated before diagnostic bacteriologic infor- 
maUon becomes available because these infections 
have usually been present for such a long time that 
a delay of 2 or 3 days makes little or no difference 
in their outcome. 

Reduction of Dose of Drug and Duration of 
Therapy. The simultaneous administration of peni- 
cillin and streptomycin in subacute bacterial endo- 
carditis due to an organism sensitive to both of 
these agents is said to permit the use of smaller 
doses of penicillin and allows reduction of the 
period of therapy from the usual 4 weeks to 2 
weeks. This type of therapy requires more con- 
firmation, however, before it can be recommended 
for general adoption in die management of this 
disease. The administration of antibiotic combina- 
tions to reduce the total dose of drug and the dura- 
tion of therapy has also been recommended in 
brucellosis. Whetlier this principle is applicable in 
other infections is not known. Therapy for these 
purposes should be used with caution, however, 
since the level of antimicrobial activity of a mix- 
ture of antibiotics is often unpredictable and may, 
in fact, be lower than that which obtains when a 
single drug is given in full therapeutic dose. 

Removal of Superficially Located Bacteria. The 
use of antibiotic combinations has been recom- 
mended for treatment of superficial infections, as 
of the skin, for example, especially W’hcn these are 
due to more than one species of bacteria. On this 
basis, mixtures of neomycin, pol}Tnyxin, and baci- 
trado have been applied topically because these 
agents possess a low level of sensitizing capacity. 
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Some dermalologists have pointed out the lack of 
evidence in support of such therapy, however. The 
area of superficial “infection" in which combined 
therapy appears to be superior to single agents is 
the intestinal tract. Tl\e degree of reduction the 
number of organisms in the bowel flora is greater 
with a combination of neomycin and polymyxin ad« 
ministered orally than when either is gh'cn alone. 
The same is true for polym)'xm and streptomycin. 

Delay in Rate of Emergence of Bacterial Resist^ 
ance. Clinical investigations hai'e indicated that 
delay of emergence of antibiotic resistance is pro- 
duced by combinations of antimicrobial drugs in 
some types of infection but not in all. Thus, the 
concomitant administration of two or more drugs 
suppresses strikingly the development of resistance 
in the luberde bacillus. Tuberculosis is best 
treated, therefore, wth at least two and in some 
instances (miliary tuberculosis and tuberculous 
meningitis) with three tuberculostatic agents si- 
multaneously. The same appears to be true in 
Hemophilus influenzae meningitis in which it has 
been shown that the Injection of streptomydn to- 
gether with the exhibition of sulfonamide elimi- 
nates the appearance of streptomycin resistance in 
the organism. 

It IS common practice to treat all systemic 
staphylococcal infections with more than one anti- 
biotic. The need for this type of therapy has re- 
cently been questioned, however, because evidence 
that Staphylococcus pyo§,cncs var. aureus becomes 
drug resistant in vivo is difEcult to substantiate. In 
“dosed" infections, endocarditis, for example, the 
administration of a single potent antibiotic rarely 
leads to the appearance of insensitive staphylo- 
cocci In "open'^ infection, such as wounds or pneu- 
monia, on the other hand, resistance oppears to 
devdop It has been postulated that this is not due 
to a change in the organism responsible for the 
infection initially but results from the introduction 
of a new drug-insensitive strain from the patients 
environment. In accordance with this concept, 
some physicians arc now treating staphylococcal 
infections with a single effective drug It must be 
pointed out, however, that until it has been defi- 
rutdy proved that combined chemotherapy is not 
necessary for certain types of staphylococdil infec- 
tion, it IS best to use more than one antibiotic in 
the treatment of all forms of this disease. Clinical 
experience suggests that, when this is done, the 
appearance of resistant strains is a relatively un- 
common problem. Combinations of drugs may be 
effective in preventmg the implantation of new 
strains or eradicating them if they have managed to 
Igain a foothold. When more than one drug is ad- 
ministered, the infecting organism must Iw sensi- 
tive to both agents. 


“Fixed Dose” Combinations. A valid experimen- 
tal approach to the study of the in vivo activ’ity of 
antibiotic combinations versus single agents is llie 
detennmation of tlie antibacterial capacity of the 
blood of patients receiving the drugs. On the basis 
of a series of studies using tliis technique, the fol- 
lowing conclusions have been drawn: 

Combinations encourage the use of Inadequate treat- 
ment. since tlicrc is an inevitable tendency to use the 
same total dose of tlie combination as of the single 
agent, and this docs not provide the expected effective 
dose of eitlier, p.irticularly of the Inferior drug. Tlicy 
provide a false sense of security as offering a wider 
coverage or broad spectrum of activity when in fact 
lliey provide 3 narrower effective coverage by substi- 
tuting less active agents and smaller amounts of indi. 
vidual agents tlian if antibiotics were chosen Individ- 
u.ally each for Its own purpose and given in the proper 
dose for that purpose. They reduce the therapeutic ef- 
fectiveness that miglit be expected from proper dosage 
of individual agents or from the proper selection of 
combinations of agents according to specific require- 
ments, p.irticularly when care Is taken to choose only 
agents tlial may be expected to be tlie most active 
against the causative organism. 

TJicropy of Severe Infections in ^^^lIch Specific 
Etiology Is Unknown. The commonest use of anti- 
biotic combinations is for the treatment of Infec- 
tions the eliolog)’ of which is not Immedhtcly 
apparent Tlie physician with a patient whom he 
su^cts of having bacterial infection often decides 
that chemotlicnipy is necessary. Because the exact 
cause cannot be immediately determined, more 
than one agent is given in the hope that this will 
“cover” the situation: "fixed dose” mixtures are 
voiy often used for tills purpose. In not a small 
number of cases, tlie infectious process is due to 
some virus and the application of any antimicrobial 
agent is not indicated. 

\\'hcii “fuD dose” combinations are to be given 
in the absence of a specific bactcriologic diagnosis, 
the physician must decide, on the basis of the clini- 
cal features of the disease, a detailed history, and 
laboratory investigations, including examination of 
stained preparations, if possible, not only that a 
patient has a bacterial infection but also the type 
of organism which is most likely to be involved 
Under no circumstances must chemotherapy be 
initiated until oil the necessary bactcriologic inucs- 
iigalions have been started. 

THE PROnikLAXlS OF INFECTION 

The chemotherapeutic agents now available offer 
2 U 1 erccUent means of prophylaxis in some but not 
all intcxiiious diseases. Chemoprophylaxis has been 
used primarily for four puiposes: (1) to protect 
healthy individuals, eitbei shvgly or in groups of 
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varying size, against invasion by specific micro- 
organisms; (2) to prevent bacterial infection in 
individuals acutely ill with diseases, often of \‘iral 
origin, for which antimicrobial agents are not effec- 
tive; (3) to reduce the risk of infection in patients 
with various types of chronic illness; and (4) to 
inhibit the spread of disease from areas of localized 
infection, or to prevent infection in general, in per- 
sons who have been subjected to accidental or 
surgical trauma. Experience over the years has in- 
dicated the areas in which chemoprophylaxis is of 
proved value and those in which it is totally in- 
effective and may, in fact, be associated with an 
increased risk of infection. There still remain, how- 
ever, instances in which opinion concerning the 
efficacy of antimicrobial agents in preventing bac- 
terial invasion is unsettled. In general, it may be 
s.aid that, when the purpose of chemoprophylaxis 
is the prevention of implantation or early eradica- 
tion of a single specific organism by the use of a 
single potent drug, it has a high degree of success. 
If, on the other hand, the purpose is to prevent 
implantation of any or all bacteria that happen to 
be in the patient's internal or external environ- 
ment, failure is the usual results. 

Table 111-1 lists the diseases or situations in 
which chemoprophylaxis is of proved or unsettled 
degree of value and those In which experience has 
indicated lack of success. The antibiotics used are 
indicated; the doses and methods of administration 
are discussed in the sections dealing with the spe- 
cific disease entities discussed elsewhere in ^s 
book. 

Table TAttJX or cnESiopRornYL-Axia 

I. Chmopraphylaxia oj prated lalve 

1. Streptococcal (group A) infections and rheu- 
matic fever recurrences: sulfonamides, various 
forms of jwnicillin, erythromycin 

2. Bacillary djsenterj’: sulfonamides, chloram- 
phenicol 

3. Diarrhea due to eatcropathogenic Excherichia 
rob', neomycin orally 

4. Gonorrhea — acute urethritis and ophthalmia: 
penicillin 

5. Congenital syphilis (treatment of mother): peni- 
cillin 

C. Meningococcal infections; cuKonamides 

7. Dental extraction in presence of heart disease: 
peiihillin 

8. Muconwidosi*: tctracyrluio comjwunds 

U. Hepatic coma: neomycin or iiaromomyrin orally 

10. Contaminated or infwtctl nouiid surgery; peni- 
nllm plus streptomycin 

1 1. I.al)Or « hen mcmliranes ruptured over 2t to 4S 
hr: penicillin plus streptomycin 

12. Steroid therapy in patients witli high risk of 
tubcrrulo’is 


citAr. Ill SS3 

TdMe Iti-1. %'ALrE or cnEUornoniYi-xxis 

n. CheTiiopropfiylaxis of no talue 

1. V'iral iofcclions of Upper respiratory tmet in- 
cluding common cold, inliuonza, and CA, CCA, 
JH, ECHO, CoxsacUc, and fldcno%'irus infec- 
tions 

2. "Atypical riral pneumonia” 

3. Psittacosis 

4. ‘‘Childhood" viral disease* — mumps, measles, 
rubella, chiekenpox, vaccinia 

5. Poliomyelitis 

6. Infectious mononucleosis 

7. Smallpox 

5. “Clean" surgical and obstetric procedures 

9. Pertussis 

10. Bums 

11. Shock 

12. Coma 

13. Cardiac failure 

14. Catheterization or otlier instrumentation of uri- 
nary Ixact 

15. Premature infants 

10. X-ray irradiation 

17. Administration of steroid*, except in instances 
with high risk of tulwrculosis 
in. Chemoprophylaste of vnitUlcd rtdtie 

1. Surgical procedures on hp.irt or urinarj- tract in 
presence of chronic cardne di-casc 

2. Acute diffuse glomerulonephntH 

3. SjT*hilis— xenereal contact 

4. Chronic nonlubcrculous pulmon.xr 5 ' license 

6. Tuberculin-negative contacts of active rwc of 
tuberculosis 

6. Staphylococcus carrier sUte 

7. Transmission of Sldphyloeoeevi aureus in nurs- 
eries and other hospital areas 

8. Reduction of number of intestinal bacteria )>rior 
to bowel resection 

9. Cardiac callietcniation 

10. Exchange transfusiou 

Dangers of Clicmoprophjiaxis. It is important to 
point out that llie same untoward effecls wbich 
occur when antibiotic agents arc used for therapeu- 
tic purposes are obscrx’cd when patients who h.i\’c 
no active infection arc given these drugs. The risk 
of dcwlopment of reactions and the difficulties 
which they involve must alwajs be taken into con- 
sideration in planning a program of chemopro- 
phylaxis. When there is no cxidmce that chemo- 
prophylaxis will be effeetne. it should not be used. 

COMPLICATIONS OF CllEMOTllF,R\PV 
Complications resulting from the widespread use 
of xxirious chemotherapeutic agents are steadilv 
inCTcasing in frcrjucncy. All the asaikible drugs 
produce one or another lyTK* of untoward ciFcx^. 
Some of Uicse effects arc diri-ctly toxic, some arc 
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allergic, and others are related to the biologic ao 
thjbcs of the diemotherapeutic substances. 

The list of the undesirable effects actually ob- 
serv’cd and attributed to therapy \vith the widely 
used antimicrobial agents is long and varied and 
invoh'es most of the organ systems. Not all the 
complications have been observed with each of the 
diemotherapeutic substances, and some have been 
noted \vilh only one of them. For purposes of con- 
\’enience tliese reactions are discussed here in rela- 
tion to organ systems. In order to conserve space 
they are presented in tabular form (Table 111-2). 

Talle llt‘2. courucATiovs or caEUornEiuPT 

I. CuVancoua mamIrstaUona 

Mostly due to hypersensitivity. Occur with all 
anlibacteria! drugs 

1. Morbilliform rashes — commonest 

2. Scailalinifonn, urticarial, vesicular, or bullous 
eruptions 

3. Purpura, with or without thrombopenia 
■1. Erythema muUiformo 

h. Stevens-Jobosoa syndrome (mucly suitoo- 
amides and pcmeillm) 

C Erythema nodosum 

7 RxfoHative dermatitis 

8 Inflammatory reactions at site of loicctioD 

II. Oral lesions 

Thirty-three different ones described. Noted with 
many antibiotics. Commonest with broad-spectrum 
drugs 

1. Drjmess, burning, soreness, and itching of 
mouth and tongue 

2 Vesicular stomatitis 

3 Acute glossitis 

4 /Ingular stomatitis (cheilosis) 

5. Black or brown “furred” tongue 

III. Other mamfcstations of hypersensitivity 

1. Fever 

3 Contact dermatitis — handling of drugs 

3 Angiocdcma 

4 Serum sickness (penicillin) 

6 Arthus rcacUon 

C Aiutc anaphylactic shock (rare but common- 
est with pcnicdlin) 

7. "Allergic” vascuhtis 
8 ?Polj arteritis nodosa 

9. fSystemic lupus erythematosus 
lO Pruntis am or vulvae 

IV. Gartrointcstinal and hepatic complications 
Commonest with broad-spectrum antibiotics 
1 Nausea 

2. V'omiting 

3 Heartburn 

4 Diarrhea due to irritation or transformaUoo of 
bowel flora 

5. Staphylocoens oum/s enteritis 
6 Pscuilomembranous colitis 
7. Stomatitis and pharyngitis due to Candida 
S. Jaundice and hepatitis (sulfanilamide) 


TaHe Ill-S. coaipucATiova of cucvotiiciiapy 
{CoTtliTMed) 

0. Liver damage (tetracyclines Intravenously in 
doses larger than 2 Gm per day, isonicotinic 
acid hydratide, pytaiinamide) 

10. Proctitis 

11. Steatorrhea (neomycin) 

12. Malabsorption sjTidrome (neomycin) 

V. Urinary tract complications 

1. Hematuria and crystalluria (sulfonamides) 

2. Acute tubular necrosis (sulfonamides, kana- 
mycin) 

3. Obstruction to urine Cow (sulfonamides) 

4. Albuminuria and cylindruria (streptomycin in 
acid urine, bncitrociu, polymyxin, neomycin, 
vancomycin, kanamycin) 

5. Nephrotoxicity with renal failure (bacitracin, 
polymyxin, neomycin, kanamycin, vancomycin, 
aropbotcriem) 

VI. Nen,'ous system complications 

1. Injury to peripheral nerves by direct injection 
of antibiotic solution 

2. Aracbioiditis (iotrathceal injection of anti- 
biotics) 

3. Pcripberal neuritis (broad-spoctrum antibiot- 
ics, isonicotinic acid hydrazide) 

4. Paresthesias (streptomycin, polymyxin) 

5 Damage to eighth ftanial nerve (xticptomycln, 
kanamycin, neomycin, vancomycin) 

G. Encephalitis (some sulfonamides) 

7. Encephalopathy (due to esemivt intrathecal 
doses of penicillin or streptomycin) 

8. Convul»iona (Isonlcotinio acid hydrazide, ey- 
closerine) 

9. Psychoses (isonicotinic acid hydrazide, cyclo- 
serine) 

19. Hyperreflexh, tremors, twitching, dlfliculty in 
nucturition (isonicotinic add hydrazide) 

VII. Complications in blood and blood-forming organs 

1. Acute hemolytic anemia (sulfonamides) 

2. Eosinophilia (sensitization to any of the drugs) 

3. Thrombopenia (streptomycin, ehloramplieni- 
co!) 

4. Anemia with absence of reticulocytosis 
(chioramphenicol) 

5. Granulopenia or aplastic anemia (chloram- 
phenicol, streptomycin, nitrofurantoin, ris- 
tocetin) 

0. LE phenomenon (sensitization to penicillin) 
Vin. Miscellaneous complications 

1. Negative nitrogen balance (tetracyclines) 

2. Increased riboflavun excretion (tetracyclmes) 

3. Hypoprothiombinemia (broad-spectrum drugs 
given orally) 

4. Decreased or absent formation of urobilinogen 
(broad-spectrum drugs) 

5. Electrolyte disturbances (streptomycin) 

0. Herxheimer reaction (penicillin in syphilis) 

7. Kcrnicterus (sulfisoxazole in premature babies) 

8. '*Gray" sickness (doses of more than 60 mg 
per kg body weight of chloramphenicol in 
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Table 111-2. cositlicatioss or cnEMOTHEiupr 
{Conlinuei) 

neonates — due to failure of liver to conjugate 
drug with glucuronic acid — may lead to death) 

9. Photosensitivity (demethylchlortetracycline) 

10. "Hypersensitivity" rayocaiditis (svdfamelh- 
oxypyridazine) 

11. Acute pellagra (isonicotinic acid hydrazide) 

12. Sterile abscesses (intramuscular injection ot 
most antibiotics) 

13. Pulmonary embolism (accidental intravenous 
injectlona of solutions in oil or Insoluble salts 
of antibiotics) 

14. Thrombophlebitis (mtravenous injection of 
tetracyclme, erythromycin, vancomycin, risto- 
cetin, amphotericin) 

15. Suppression of immune response (antibiotics 
given in large doses early in course of infection) 

16. Changes in bacterial flora of body 

17. Transient arterial vasospasm (isonicotinic acid 
hydraride) 

IX. Superinfectiona 

These occur with all chemotherapeutic agents. 
They are due to invasion by normally present 
organisms or by those acquired by contact with 
other patients or attendants, or they may result 
from the accidental fotroductloo of bacteria during 
injection of the drug; in all instances, tbe pew 
infections ore produced by strains of organisms 
insensitive to the antibiotic being administered at 
tbe time they first appear. Infections due to organ- 
isms of the genus Candida (.Monilia) may also 
occur during chemotherapy; they may involve tbe 
mouth, pharynx, or lung, or they may become 
generalized, when they may be fatal. This type of 
supcrinfection is being reported more frequently 
and is particularly Important because no specific 
agent fm tjeatnvcnt of fijatenne involvement ia 
presently available, 

Supcrinfectioos occur in about 2 per cent of 
patients who receive a chemotherapeutic agent. 
The organs involved in the secondary infection 
are most frequently the same as those aflccted in 
the primary ^sease. The organisms responsible for 
supennfections arc often difficult to treat with the 
presently available antibacterial drugs. The factors 
nhich predispose to the development of super- 
infection are (1) age of three years or less, (2) pri- 
mary disease of the loner respiratorj' tract, (3) 
infection of tho middle car, and (4) the use of a 
drug or combination of antibiotic agents which 
tend to have a "broad" antibacterial effect; the 
"nider" the antimicrobial "spectrum,'' the greater 
b the danger of secondary bacterial invarion. 
Superinfections appear most frequently on tho 
fourth or fifth day after initiation of chensolherapy 
and may coD^'ert a benign, self-limited disease into 
a serious, prolonged or even fatal one. 1 1 b esseolial 
to carry out frequent bacteriologic studies, when- 
ever possible, to tletcrminc changes in tnctrrial 
flora that may subsequently be responsible for n 


Tohie Ills. COMPUCATIONS or cnruoruEntry 
(Continued) 

secondary infection. The administration of an anti- 
biotic active against the predominating organism 
and its elimination before it b responsible for in- 
fection may prevent the appearance of a complicat- 
ing disease. 

X- Development of a resistance by some bacteria to 
any of the chemotherapeutic drugs 

None of the available antibacterial substances is 
free of the potentialities of producing trouble. 
Witli some, like the sulfonamides, tlie risk of de- 
velopment of serious reactions is great; with others, 
like penicillin, it is relab’\'ely small in comparison to 
the beneficial effects of the agent. Two types of 
reaction are common to all the chemotherapeutic 
agents: (1) the development of hypersensitivity 
and (2) the production of supennfections by re- 
sistant organisms, 

The fact that harmful effects may follow the use 
of these drugs should not discourage the physician 
from applying them in situations where they ore 
definitely indicated. It should, however, make him 
hesitant to employ them in cases where indications 
for their use are entirely absent or at most only 
slightly suggestive. Moreover, the appearance of 
reactions during the course of treatment does not 
always make the cessation of therapy mandatory, 
especially if the drug used happens to be the only 
effective one a\ailable for the purpose required 
The severity and type of the reactions, their ex- 
pected course, and the possibility of influencing 
them by proper management must all be ucighed 
against the importance of the infection under treat- 
ment. 

MISUSES OF CIIE.MOTIIERAPY 

There is little doubt that the antimicrobial agents 
are used in many situations where tJiey .arc not 
required and tliat, even when they arc indicated, 
failure to utilize them properly may lead to a poor 
clinical result. Listed below arc the most common 
misuses of the chemotherapeutic compounds. 

1. Treahnent of fever of obscure origin 

2. Choice of ineffective antibiotic 

3. Inadequate or excessive doses 

4. Improper route of administration 

5. Continuation of therapy with drug to « hich 
bacterial resistance de\ clops 

6. Failure to slop treatment in presence of seri- 
ous taxic or allergic reaction 

7. Failure to alter llierapy when supcrinfec- 
tion occurs 

8. Propbylaxb of unprc\cntablc secondary bac- 
terial infection (sec abo^c) 

9. Tlicrapy of insusceptible infections— infec- 
tions produced by true %iruses 
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10. Use of combinations of drugs when not spe- 
cilically indicated 

11. Reliance on cbcmothciapy or prophylaxis to 
the exclusion of necessary surgical intervention, 
c g , drainage of localized areas of infection 

Probably the most frequent misuse of antimicro- 
bial drugs is in the therapy' of fever of unknoxvn 
origin. The mere presence of fever, in the absence 
of localizing signs, does not necessarily indicate 
that it is due to an infectious process (see p 63). 
In the absence of strong clinical evidence tliat a 
febrile episode is infectious in origin, particularly 
x\hcn there Is no delectable focus, chemotherapy 
should be delayed until adequate clinical and labo- 
ratory studies have been performed. 
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Section 2: Diseases Produced by 
Gram-positive Cocci 


m PNEUMOCOCCAL 
INFECTIONS 
Ivan L. Bennett, Jr, 

Etiology. The pneumococcus is a gram-positive, 
encapsulated coccus that usually grows in pairs or 
short chains. In the diplococcal form, the adjacent 
margins are rounded and the opposite ends slightly 
pointed, giving the organisms a “lancet” shape. In 
stained preparations of exudate, gram-negative 
forms are often present. Because pneumococci pro- 
duce greenish discoloration of blood agar, they are 
sometimes confused with alpha-hemolytic strepto- 
cocci. The two organisms can be distinguished by 
the bile solubility and mouse virulence of the 
pneumococcus or by serologic typing. A simpler 
method, utilizing inhibition of pneumococci by 
Optochin-impregnated paper disks, is accurate and 
less cumbersome for routine use. 

The capsular substances are complex polysac- 
charides and are the basis for dividing pneumo- 
cocci into serotypes. Organisms exposed to tyi’e- 
specific antiserum shoxv capsular swelling, the 
Neufeld queVung reaction; by this means, about 
75 serotypes have been identified. All are patho- 
genic for man, but types 1, 2, 3, 5, 7, and 8 are 
encountered most frequently in clinical practice. 
Tjpo 14 causes pneumonia in children but is rare 
in adults. 

Specific typing of pneumococci was of great clin- 
ical importance x\hen therapeutic antiserum was 


used but has been largely abandoned because 
sulfonamides and antibiotics are effective against 
pneumococci of all types. 

Epidemiology. Pneumococci are normal inhabit- 
ants of the upper respiratory tract in 5 to 60 per 
cent of the population, depending upon tlic season 
Pneumococcal infection occurs predominantly dur- 
ing the winter months; the ratio of infection in 
males and females is 3:2, and morbidity and mor- 
tality are higher for Negroes than whites. Fetson- 
to-person transmission by droplets is undoubtedly 
common, but true epidemics of pneumococcal 
pneumonia are rare, even in closed populations. 
Patients with pneumococcal infecb'on can be man- 
aged without isolation precautions- 

Patliogcnesis. The mechanism by which pneu- 
mococci damage tissue is obscure. It is conceix’able 
that toxic substances may be elaborated when tliey 
multiply in the body, but no such toxin has been 
demonstrated. It has been suggested that rapid 
grou'tli of pneumococci interferes xvith essential 
metabolic processes in the host, but this is sup- 
ported by no firm exidencc. The capsular substance 
is known to be a necessary factor in virulence, and 
it also protects the organism to a certain extent 
from engulfment by phagoc>’tes. 

Im’osion of the tissues of the nasopharynx rarely, 
if ewr, occurs, and "pneumococcal pharyngitis” is 
always a questionable diagnosis. The organisms 
multiply readily and produce acute inllammation 
in tlie lung, serous c.'ixilvcs, ami the endocardium. 
The factors that ordinarily protect the lung^from 
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pneumococci include the mucus of the respiratory 
epithelium, Uic direction and velocity of air cur- 
rents, and ciliary action. Under circumstances 
vvhkK impair th« effectiveness of these harriers, 
pneumococci are carried to the alveoli in droplets 
of saliva or mucus and infection occius; pneumonia 
usually begins in the right lower, right middle, or 
Icit lower lobe. Susceptibility to pneumococcal 
pneumonia seems to be related to common respira- 
tory disease, fatigue, dulling, and depression of 
the cough reflex. Intoxication with alcohol Is a 
w’ell-known predisposing factor, and the infection 
is likely to be severe in alcoholics. Patients with 
multiple myeloma are pccuh'arly susceptible to 
pneumococcal infection, especially pneumonia, and 
pneumococcal peritonitis is a frequent complica- 
tion of the nephrotic syndrome in children. In some 
ports oi tho svorW, tho pnoumonoccvis « said to bo 
a common cause of secondary infection in patients 
with brucellosis or trjpanosomiasis. Experimen- 
tally, the production of pulmonary edema increases 
the susceptibility of animals to pneiimococc.il pneu- 
monia, and the frequency and sc'cnly of pneu- 
monia in patients with chronic heart disease sug- 
gests that a similar situation also holds for man. 

In the pulmonary alveoli, the organisms cause on 
outpouring of polymorphonuclear leukocytes and 
edema fluid, Tlie studios of Wood have shown that 
this fluid, which contains myriads of pneumococci, 
spreads rapidly tlirough brondiiolcs, bronchi, and 
the alveola; pores of Colin. As the infection de- 
velops, neutrophils and tnactoph^ges begin to In- 
gest pneumococci, and the alveoli arc filler! with a 
fibrinous exudate containing many white cells but 
fewer and fewer organisms. The peripheral zone of 
spreading edema can advance to involve additional 
lung tissue at a time when the older part of tl»c 
lesion is actually undergoing resolution. The out- 
come of the infection depends upon the rate at 
which bacteria in the edema fluid can multiply and 
spread into new areas as compared with the host's 
ability to immobilize and destroy them by phago- 
cytosis. 

Bacteremia, the result of entry into the blood 
by way of lymphatic vessels, is common during the 
stage of spreading pulmonary infection; indeed 
transient bacteremia probably occurs at the onset 
of nearly every pneumococcal infection in the lung. 
Continued bacteremia is a poor prognostic sign, 
not only because of the danger of metastatic infec- 
tion, but because it indicates poor locahzatibn of 
the pneumonic process. 

The resistance of the host to pneumococcal in- 
ction is greatly enhanced by specific antibody, 
hich not only increases phagocytosis by "opwniz- 
g” the organisms but, as Rich has shown, also 
tards the spread of bacteria in the tissues. Re- 
covery is not entirely dependent upon the immune 


response, since antibody is not invariably demon- 
strable In patients who recover with or without 
cfiemothcrapy. However, the dramatic recovery by 
crisis that usevl to occur Iwforc specific treatment 
became available usually coincided with the ap- 
pearance of antibody in the blood. ^VitIl arrest of 
the Infection, the alveolar exudate undergoes lirpic- 
faction and the process resolves, apparently by 
IjTuphatic removal of the lnn.imma1ory debris 
rncumococcal pneumonia rarely produces necrosis 
of alveolar walls or bronchi, and Uic lung is often 
restored to normal within a few da)'S. 

In addition to producing pneumonia, the pneu- 
mococcus can extend from the nasopharynx to pro- 
duce otitis or mastoiditis, paranasil sinusitis, or 
meningitis; from tlic lung it can extend to Infect 
pleura, pericardium, or mctliastinum, and bac- 
tcxcoua. may give rise to mcwmgiUs, petUowitis, 
arthritis, endocarditis, or otlicr metastatic infec- 
tions. 


PNEUMOCOCCAL PNEUMONIA 

Pneumococcal pneumonia is a disease remark- 
able for its uniformitj’. in contrast to other infec- 
tioiis such as typhoid fever and tubcrculosb, TliC 
diseases pro<Iuccd by diflrrnil pneumococcal scro* 
t)-pcs show little variation In severity or in clinical 
manifestations. Tlic prognosis In tjpe 3 pnctimo- 
coccal pneumonia is tisu.illy regarded as poor; ihN 
is In large measure aUributablc to the ficquencv' 
with which t)^? 3 infections occur In p.nticnls with 
other dcbilit.xting di5c.i$es such as diabetes or con- 
gestive heart failure. However, the tvpe 3 pneumo* 
coccus possesses an unusually thick* capsule, Is es- 
pecially diSicult for neutrophils to engulf, and is 
the pneumococcus most likely to produce abscess 
formation in the lungs of man and experimental 
animals; these facts suggest that its virulence is 
partly intrinsic and not wholly the result of its 
attacking susceptible hosts. It is still customaiy to 
classify pneumococcal pneumonias as hbar, a proc- 
ess invxilving one or more large segments or lobes 
of the lung, or bronchopneumonia, in which there 
is patchy Involvement, usually of both lungs. Tltis 
distinction now has little clinical Importance; treat- 
ment is the same for belli anatomic tjpes when the 
ctiologic organism is die same, and prognosis de- 
pends upon other factors. The usual lesion in adults 
is lobar in disUibutton, but in children and the 
aged, bronchopneumonias are frequent. 

Manifestations. Pneumonia is frequently pre- 
ceded for a few days by coryza or some other form 
of common respiratory disease. The onset is usuall)- 
so abrupt that patients Kin often state the exact 
hour that illness began. There is a sudden shaking 
chIU in more than SO per cent of the cases, rapid 



DISEASES PRODUCED BY CRAM -POSITIVE COCCI 


rise in lemperatxire, and corresponding tachycardia. 
It is unusual for patients with pneumococcal pneu- 
monia to experience more than a single rigor un- 
less antipyretic drugs are administered, and re- 
peated chills should suggest another ctiologic 
agent. 

About 75 per cent of patients develop severe 
pleuritic pain and cough, productive of pinkish or 
"rusty” mucoid sputum w-ithin a few hours. The 
chest pain is agonizing, and respirations become 
rapid, shallow, and grunting as the patient tries to 
splint the affected side. Many patients are mffdly 
cyanotic and show’ dilatation of the alae nasae 
when first seen. Patients appear acutely ill, but 
nausea, headache, malaise, and other complaints 
are unusual, and most individuals are alert. The 
pleuritic pain is the dominant complaint. 

Physical e.xamination reveals restricted motion 
of the affected hemithorax, impaired or flat per- 
cussion note with increased fremitus over the in- 
volved area and, usually, decreased breath sounds. 
Later, bronchial breathing, pectoriloquy, and fine 
moist rales are evident. 

In the untreated disease, there are sustained fever 
with a temperature of 102.5 to 103*F, continued 
pleuritic pain, cough, and sputum, and gaseous 
distention is frequent. Herpes labialis is a common 
complication. After 7 to 10 days, there are diaphore- 
sis, abrupt defervescence, and dramatic improve- 
ment in manifestations, the "crisis." 

In cases which terminate fatally, there is usually 
extensive pulmonar)' involvement, and dyspnea, 
cyanosis, and tachycardia arc prominent. Circula- 
tory collapse or a picture resembling "forward” 
heart failure is common. Death in a few patients 
is associated with empyema or some other suppura- 
tive complication. 

Effect of Specific Chemotherapy, Pneumococcal 
pneumonia usually terminates promptly when an 
appropriate antimicrobial drug is given. Within 12 
to 36 hr after initiation of treatment with penicil- 
lin, temperature, pulse, and respiration fall to nor- 
mal, pleuritic pain subsides, and the spread of the 
inflammatory process is halted. 

Complications. The ty’pical course of pneumo- 
coccal pneumonia just described can be modified 
by the dev’elopment of one or more local or distant 
complications: 

In the Lung. Atelectasis of all or part of a lobe 
may occur during the active stage of pneumonia 
or after treatment has been instituted. The patient 
may complain of sudden recurrence of pleuritic 
pain and show rapid respirations. Small areas of 
atelectasis are sometimes detected by x-ray in the 
absence of symptoms. These areas usuaUy dear 
with cougliing and deep breathing, but broncho- 
scopic aspiration is occasionally necessary. If aleler:- 
tasis is allowed to persist, the affected area becomes 
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fibrotic and functionless. Delayed resolution: The 
removal of exudate from the lung following pneu- 
mocorxial infection is usually complete within a 
few days, but occasionally, especially in elderly 
individuals, consolidation persists for longer peri- 
ods. Sometimes the involved area never becomes 
rcaerated, and fibrosis results. Lung abscess is a 
rare sequel to pneumococcal infection. It is mani- 
fested clinically by continued fever and profuse 
c-xpectoration of purulent sputum. X-ray shows one 
or more cavib’es. Tliis comph'calion is exceedingly 
rare in patients who receive penicillin therapy and 
is more likely to result from type 3 infections. 

In Adjacent Structures. Pleural effusion is noted 
in about 5 per cent of patients with pneumococcal 
pneumonia, even with specific therapy. The 
amount of fluid is usually not sufficient to cause 
obvious displacement of mediastinal structures. If 
it does not become infected, it is spontaneously 
reabsorbed within a week or two- 

Prior to the introduction of effective chemother- 
apy, pneumococcal infection of the pleura with 
emptjetna occurred in 5 to 8 per cent of patients 
with pneumococcal pneumonia; it is now observed 
in far less than 1 per cent of treated cases. It is 
manifested by persistent fever or pleuritic pain, 
together with signs of pleural effusion. In the early 
stages, the gross appearance of infected fluid may 
not differ from that of a sterile pleural effusion, 
later, however, there is profuse outpouring of poly- 
morphonuclear leukocytes and flbrin, resulting in 
an exudate of thick, greenish pus containing large 
plaques of fibrin. The quantity of exudate may 
become large enough to compress the lung and 
displace mediastinal structures. In neglected cases 
this leads to extensive pleural scarring, with limita- 
tion of chest movement. Rupture and drainage 
through the chest wall (empyema necessitatis) can 
occur. Metastatic brain abscess is an occasional 
complication of chronic pleural empyema; the ori- 
gin of this appears to be the passage of septic 
thrombi through the intercostal and ^'e^teb^a] veins. 

Pericarditis. A parb'cularly serious complication 
is spread of infection to the pericardial sac. This 
may be manifested by pain in the precordial re- 
gion, and a friction rub sj-nchronous wath the 
heartbeat, although neither of these is always 
present. The possibility of coexisting purulent peri- 
carditis should be considered whenever there fs 
pleural empyema, especially when the patient ap- 
pears gravely ill. 

Metastatic Infections. Arthritis occurs more often 
in infants than in adults. The affected joint is 
swollen, red, and painful, with a purulent effusion. 

It subsides promptly witii s)'stemic administration 
of penicillin. 

Acute bacterial endocarditis complicates • 
mococral pneumonia in less than 0.5 per v 
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cases. Its roanifestatiotis and treatment be dis- 
cussed later in tin's section. 

A/cnirigitis, another complication of pneumococ- 
cal pneumonia, will also be discussed subsequently. 

rarahjfic Ileus. As already noted, gaseous abdom- 
inal distention is commonly present. In severely ill 
patients this may assume serious proportions, swell 
that the term paraUjtic ileus is justified. This com- 
plication further impairs respiratory movement and 
constitutes a difficult problem in management. 

Impaired Liver Function. Alterations in Iher 
function are very common during the course of 
pneumococcal pneumonia, and jaundice is not at 
all rare. The mechanism of the jaundice cannot be 
precisely defined. 

Laboratory Findings. X-ratj of tlie chest reveals 
a homogeneous density in the affected area of lung. 
In well-established cases, the density may occupy 
one or more entire lobes, whereas in early cases 
only a portion of one lung may bo invohed. The 
white blood count usually shows a polymorphonu- 
clear leuloctjtosis ranging from 12,000 to 25,000 
cells per cu mm. Normal leukocyte count or leuko- 
penia is sometimes observed in old people or in 
those with overwhelming infection and bacteremh. 
The Wood culftirc is positive for pneumococci 
during the first 3 or 4 dap of illness in 20 to 23 
per cent of cases. The spiifum, when stained by 
Glam’s method, shows polymorphonuclear leuko- 
cytes and moderate numbers of gnm-positivc 
COCCI, singly and in pairs. These c.an be t>ped 
directly, by the Neufeld opsular swelling tech- 
nique, but this procedure is not essential for pres- 
ent methods of therapy. 

DIFFERENTIAL DIAGNOSIS 
OF PNEUMONIA 

Fever, cough, and pulmonary consolidation on 
physical or x-ray examination form a symptom 
complex that can be produced by many diseases 
of infectious, toxic, or other etiology. 

Staphijlococcal pneumonia (p. 897) is likely to 
be encountered in children, in adults during or 
after an epidemic of influenza, and in debilitated, 
elderly individuals as a nosocomial infection. The 
clinical picture is less uniform than that of pneu- 
mococcal pneumonia, varying from bronchitis with 
few systemic symptoms to a fulminating infection 
Multiple chills, hectic fever, early formation of 
lung abscesses, empyema, and, in infants, pneuma- 
toceles or pyopneumothorax, suggest the diagnosis. 
The sputum is often grossly bloody or purulent; 
^culture of sputum and blood establishes the diag- 
nosis. Positive blood cultures should alert the 
clinician to the possibility that pulmonary involve- 
ment is secondary to a focus of staphylococcal 
infection elsewhere in the body. 


ffemoTj/tic streplococcol jmeumonia (p. OOS) can 
also occur in association with influenza. The clini- 
cal picture closely resembles that of pneumococcal 
pneumonia, but multiple chills, hectic fever, early 
prostration, and rapid pleural involvement with 
accumulation of fluid, or associated streptococcal 
pharyngitis, are often helpful signs. Diagnosis can 
be made by blood and sputum culture or by find- 
ing a fisc in antistreptolysin O titer in convalescent 
scrum. 

Frkdlitndcr hacilltts pneumonia (p. 93S) is com- 
monest in men past middle age, especially in alco- 
liolics. The patient is usually severely ill, the 
sputum tends to be thick and tenacious, physical 
findings in the chest arc often surprisingly scanty 
despite massive consolidation by x-ray; nausea, 
diarrhea, jaundice, and delirium arc more frequent 
than in pneumococcal infections, and largo num- 
bers of gram-negative bacilli arc usually present in 
st.iined smears of sputum. 

Tij/aremiiJ (p. 9S-1) of the ulccroglandular or 
lyqihoida! type is often accompanied by pulmonary 
lesions. There m.ay be no respiratory symptoms and 
a paucity of physical signs, or pleurisy’, licmoptysis, 
and consolid.ation may dominate the clinical pic- 
ture. Patients are usually very ill, with tempera- 
tures of 101 to 106*r, and the disease docs not 
respond to penicillin. Agglutinins for the organism 
may not appear until the third week. A history oC 
contact with wild rabbits or the finding of a cuta- 
neous ulcer and regional lymphadenitis Is helpful 
in diagnosis. 

Infection by other bacteria can produce pneu- 
monia. Pulmonary involvement is frequent In pa- 
tients with salmonella bacteremia, especially in 
Salmonella .siripejf//fr infections (p. 043). //c- 
mophilus influenzae is a common cause of lung 
disease in children; in adults it occasionally pro- 
duces a necrotizing bronchiolitis, and in elderly 
patients wiili chronic lung disease, it may produce 
bronchopneumonia (p. 934). The diagnosis is usu- 
ally made only hy culture of sputum. Pulmonary' 
lesions with cough and hemopt^is can be promi- 
nent In Wed's disease (p. 10S3), and, of coiuse, die 
plague bacillus can cause an overwhelming and 
rapidly fatal pneumonia, espedally when plague 
bwmes epidemic (p. 968); sporadic infection by 
PasteuTeSa pestis is more likely to be the “bubonic” 
form. 

Prlmanj atypical pneumonia (p. 1120) Is usually 
more insidious in onset than bacterial pneumonias, 
chills are infrequent, fever is usually lower, pleu- 
ritic pain and effusions are unusual, headache and 
rrudaisC are prominent, the cough is hacking, irri- 
tating, and productive of small amounts of mucoid 
sputum, rarely blood-tinged, and physical signs arc 
scanty in comparison with x-ray clianges. Herpes 
labialis is unusual. The leukocj'te count Is usu^y 
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normal, although it may be increased during the 
second A%cek of illness, and in 30 to 50 per cent 
of cases, cold agglutinins arc demonstrable during 
the second week. 

Psittacosis (p. 1126) is often described as a 
“severe form of atj'pical pneumonia.” Actually, 
most patients with this disease are febrile and have 
systemic sj'mptoms of headache, lethargy, and 
malaise for several days before pulmonary lesions 
de\-elop. Tlic pulse is usually slow in proportion 
to fever, and patients arc sometimes suspccterl of 
ha\ing Ij’phoid. A history of contact with parrots, 
poultry, or other birds may be helpful. The leuko- 
cyte count is normal, and diagnosis is established 
by finding complcment-fiting antibodies in rising 
titer. Splenomegaly is present in a variable propor- 
tion of patients with psittacosis and is sometimes a 
chic to diagnosis. 

^ fever (p. 1107) is characterized by severe 
bcadacbe, sustained fever, and, usually, minimal 
symptoms of respiratoty disease, although a large 
proportion of patients show roenlgcnograpJnc evi- 
dence of patchy pulmonary involvement. A histor)’ 
of contact Nvith cattle suggests the possibility of 
Q fever, which is widely distributed in this coun- 
try. 

Aettte itibcrctiloiis pneumonia (p. 1005) maybe 
difficult to recognize because, in the early stages, 
tubercle bacilli may not be demonstrable in the 
sputum; the early consolidation is often the result 
of an inflammator)' response to discharge of tuber- 
culin-containing matcrhal into the lung. Fever is usu- 
ally remittent or intermittent, and the temperature 
may not exceed 102*F. Many patients w-ith tuber- 
culous pneumonia feel surprisingly well, despite 
consolidation of an entire lobe. PIcuristj with effu- 
sion is seldom abrupt in onset, its course is pro- 
longed, and physical and x-ray findings arc those 
of accumulating pleural fluid ratlier than parenchy- 
mal consolidation. The leukocyte count is usually 
normal. Herpes lablalis is rare in tuberculosis. 

Blastomycosis (p. 1053) can produce acute lobar 
or bronchopneumonia, svith high fever, plcurilfc 
pain, dyspnea, and pleural fluid. The organisms 
are usually easily found in the sputum, and cavita- 
tion develops early in tlie illness. The usual ctmise 
of pulmonary blastomycosis is less acute, with low- 
grade fever and slow evolution of the pulmonary 
findings. Typical skin lesions of blastomycosis or 
concomitant involvement of bone are aids in diag- 
nosis. 

Actinomi/cosfs of the lung (p. 1052) is usually 
a more chronic disease than bacterial pneumonia 
and is more likely to be confused with tuberculosis 
or lung tumors. The diagnosis is made by finding 
sulfur granules in sputum or by culturing the 
organism. Other mycotic infections of the lung 
include primary histoplasmosis (p. 1060), which 
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can produce an acute illness with fever, cough, and 
multiple nodular pulmonary densities that lasts for 
scTCral weeks; and primary coccidioidomycosis (p. 
1056), distinguishable in endemic areas by pulmo- 
nary infiltration, fever, eosinophilia, and, often, 
erythema nodosum. 

Lung abscess may have an abrupt onset, with 
cIiUl, fever, and pleuritic pain and can be confused 
with acute pneumonias. The development of cavi- 
tation in a well-circumscribcd pulmonary density 
and profuse, purulent sputum makes the diagnosis 
clear. In indiv'iduals ivith chronic abscess, weight 
loss is prominent and cavitation readily apparent. 
There is usually intermittent or remittent fever. A 
history' of epilepsy, alcohobc intoxication, anes- 
thesia, dental extraction, tonsillectomy, or aspiration 
of a foreign body may be elicited. Abscess may be 
the first sign of I)ronchogenic carcinoma. 

Atelectasis may occur in patients confined to 
betl, cspeci.'illy if respiratory motion is limited (as 
after an abdominal operation) or when the cough 
reflex is depressed by drugs or central nervous 
S)'stem disease. Infection of the collapsed pulmo- 
nary segment leads to fever, pleuritic pain, and 
purulent sputum There is often a shift of the medi- 
astinum toward the offected side. Tumor, enlarged 
hilar nodes, and foreign body are important causes 
of persistent collapse, although plugging of bronchi 
by inspissated mucus is by far the most frequent 
cause. 

Pulmonary adenomatosis (p. 1561), a diffuse neo- 
plastic disease, can be accompanied by fever, pro- 
luse, glairy sputum, and hemoptysis, with various 
x-ray findings, and is sometimes mistaken at first 
for acute bacterial pneumonia or tuberculosis. 

Pulmonary infarction is especially frequent in 
patients with congestive heart failure and after 
surgical procedures. Prostatic surgery and parturi- 
tion are particularly likely to lead to embolization 
from the pelvic \’eins. Pulmonary embolization may 
be asjTnptomatic, but in many patients, there are 
sudden pleuritic pain, dyspnea, an.xiety, transient 
hypotension, and hemoptysis. Fever is common, 
but true chills are rare. Icterus may accompany 
pulmonary infarcts in individuals with congestive 
heart failure. Signs of consolidation and pleural 
fluid are common, and often evidence of phlebo- 
thrombosis can be detected in the legs. 

SefHic pulmonary infarcts with abscess formation 
and cavitation should always suggest puerperal 
sepsis or infected abortions with pelvic thrombo- 
phlebitis in a woman. For reasons that are obscure, 
phlebothrombosis and pulmonary infarction are 
relatively frequent compfications of convalescence 
from psittacosis. 

The lungs of patients with uremia sometimes 
show x-ray changes consisting of infiltrations that 
flare toward the periphery from both hilar areas. 
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Hocntgcnographically, the changes in the lun^s of 
patients \Mlh acute pulmonanj cilcma anti Itcart 
iai}ure arc sometimes suq)Tisingiy well localized lo 
a segment or lobe of one lung. 

Tim inhalation of roiioi/s materials or {rrltants 
(p. 1542), including smoke, chlorine, phosgene, 
cadmium fumes, bagasse fibers, and other organic 
dusts, can lead to broncliitis, bronchiolitis, and 
patchy or even lobar infiltration in the lung, 
dyspnea, and low-grade fever. The diagnosis is 
visually made by elicilitvg a history of exposure. 
The ingestion of gasoline or kerosene (p. 82i) is 
almost invariably complicated by severe chemical 
bronchopneumonia. 

Pneumonitis is detectable by physical examina- 
tion or x-ray in some patients witli erythema multi- 
forme (p 1921), lupus erythematosus (p. 1893), 
rheumatic fever (p. 910), or lntestin.al helminthia- 
sis (pp. 1217 and 1218). Infectious mononucleosis 
(p 1248) and lymphocytic choriomeningitis (p. 
1137) are sometimes accompanied by pulmonary' 
infiltrations and, occasionally, by signs of respira- 
tory irritation with cough and sputum. Pidmon.try 
lesions, usually in the form of scattered nodular 
densities, with accompanying cough, dyspnea, .and 
cyanosis, occur in a small proportion of patients 
with smallpox (p. 1101), chickenpox (p. 1107), or 
measles (p. 1158)»the involvement in tivese diseases 
is believed to be caused by tlic virus rather Ihnn 
by secondary bacterial invaders. Pupture of amebic 
abscess into the pleural cavity can be mist.'iken for 
acute pneumonto (p. 110S), and in a few patients 
with estivo-autumnal malaria, bloskagc of pulmo- 
nary capillaries by parasites can lead to confusion 
with respiratory infections of various types (p. 
1200 ) 

PNXUMOCOCCAL MENINGITIS 

The pneumococcus is second only to the me- 
ningococcus as a cause of purulent meningitis in 
adults, in children, influenzal meningitis is also 
more frequent than pneumococcal infection. 

Pneumococcal meningitis can develop as a "pri- 
mary'’ disease without preceding signs of infection 
elsewhere, as a complication of pneumococcal pneu- 
monia, by extension from otitis, mastoiditis, or 
sinusitis, or following n skull fracture which creates 
an opening into the nasal cavity or paranasal 
sinuses Patients with pneumococcal endocarditis 
frequently develop meninge.!! infection. Patients 
with multiple myeloma seem to be prone to pneu- 
mococcal infection of Uie meninges, just as they 
I are to pneumonia. 

The manifestations are those of any acute pyo- 
genic meningitis and include chills, fever, headache, 
nuchal rigidity, Kemig and Brudzinski signs, de- 
lirium, and cranial nerve palsies. Evidence of otitis, 


sinnxiUs, or pneumonia sliould he carefully sought 
by physical and rocntgcnographic examination in 
alt patients. 

llic spinal fluid is under Incrc.iscd pressure, ap’ 
pears cloudy, often with a greenish tint, and shows 
a high protein and low glucose exmtent. Stained 
smeatx usually reveal myriads of gram-positiv^^ 
diplococci and polymorphonuclc.ar leukocytes; in 
some patients, the niimhcr of cells fn the spinal 
Otiid 1$ surprisingly small, much of the cloudirics* 
being produced by the bacterial content. 

Witb appropri.itc chemotherapy, recovery can bn 
expected in 70 to 83 per cent of eases. Btfor'^ 
penicillin was available, the inort.nIIty rate exceeded 
93 per cent, am! sulfonamides did little to rcfluct-* 
this. Kcl.vpsc can occur liut is uniistn] if adequate 
trcMlment is c.irricd out. Sub.irac!irioId block, tli^^ 
result of accumulation of large amounts of thick 
cvud.xtc In the meningeal space and at the base of 
the brain, is now an unusual complication. 

PNEUMOCOCCAL ENDOCARDITIS 

Endocanhtis is almost always a complication o^ 
pneumonia. The chniwi picture is that of aeut® 
bactcn.>l endocarditis (n. 1039), vvlih rcmiltent 
fever, petechial hemorrhages, splenomegaly, and 
metastatic infection of the lungs, meninges. Joint#* 
tyc. and other tissues. The infection can attack 
normal valves and is particularly likely to occur of> 
the aortic valve. Tlie valvular infection Is destnitf' 
live, and loud mimnurs and heart failure develop 
rapidly. Rupture or perforation of cusps or even 
rupture of the aorta can occur. Tlie blood culture 
is consistently positive for the pneiimocoectis; yet 
at the same time anlibodies for the infecting orgm* 
ism can usually be demonstrated in the blow!, n 
combination of findings seldom obsen’cd except iP 
endocarditis or bniccllosis. The rapid dcslmclioP 
xA \\vc •vnSvxAai sInvrtuTcs combined w'rtb a striVing 
tendency to tlie development of myocardial abscess 
In the region of the valve ring makes pnciimococcfll 
cndocaixlitis a difficult disease to cure, despite the 
sensitivity of the organism to penicillin. 

PNEUMOCOCCAL PERITONITIS 
Pneumococcal peritonitis oecasion.-illy occurs in 
young girls; presumably tlie vagina and fallopian 
tulles are the portal of rnlry*. Symptoms are fevef. 
pain, abdominal distention, vomiting, and accumula- 
tion of peritoneal fluid. The diagnosis is made by 
examination of the purulent ascitic fluid; blood 
cultures ore often positive, and a polymorphonu- 
clear leukocytosis is the nile. 

Peritonitis is also a frequent complication of the 
nephrotic syndrome, particularly in children, in 
whom there may be repeated episodes of this in- 
fection. 
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SpeciGc Chemotherapy. Penicillin is the drug of 
choice in all pneumococcal infections. The mini- 
mum curative dosage for pneumonia is less than 
60,000 units daily, and a total daily dose of 600,000 
units, as one injection of a depot preparation or 
multiple injections of aqueous crystalline penicillin, 
provides a good margin of safety. Treatment should 
be continued until the patient has been afebrile for 
48 to 72 hr. The response is usually dramatic, and 
relapse is virtually unheard of. Pneumococcal pneu- 
monia can be treated adequately with oral pcnicQ- 
lin in a dosage of 1-2 to 2.4 million units daily. 

Peritonitis usually responds u’itliin 36 to 48 hr . 
to 600,000 units of penicillin daily. 

Pneumococcal meningitis is best treated with 
massive amounts of penicillin intramuscularly; a 
minimum dosage is I2 million units of aqueous 
penicUliti daily, and, in many clinics, larger amounts 
are used and Benemid is also given to impede renal 
excretion of the antibiotic. There is convincing 
evidence that the addition of sulfadiazine to this 
regimen affords no advantage and that the sup- 
plementary administration of chlortclracj-cline (and 
presumably, other broad-spectrum drugs) actually 
exerts a deleterious effect, producing anUbiotic 
"antagonism" (see p. 881). In the presence of 
sinusitis or otitis, surgical drainage should be carried 
out as soon as feasible. The response of meningitis 
is usually less dramatic than that of pneumonia; 
patients often remam febrile and disoriented, and 
signs of meningeal irritation may persist for se%'Cfal 
days, improvement becoming gradually evident 
with continued treatment. 

In pneumococcal endocarditis also, large doses 
are required — 6 to 12 million units daily by intra- 
muscular injection. Rapidly developing heart failure 
in these patients and the tendency to myocardial 
abscess formation, however, often lead to a fatal 
outcome despite large doses of antibiotics. 

Sulfonamides are effective in pneumococcal pneu- 
monia, but their action is not so prompt or dramatic 
as that of pemcillin; they arc virtually useless in 
meningitis and endocarditis. 

The tetracycline drugs and chloramphenicol are 
effective in the treatment of pneumonia in doses 
of 1.0 to 2.0 Gm daUy. They are recommended only 
for patients who have exhibited an untoward re- 
action to penicillin. 

Arthritis responds to systemic penicillin; aspira- 
tion and intraarticular instillation of the drug are 
rarely necessary. Empyema should be watched for 
and treated as early as possible. When an effusion 
is detected, the fluid should be examined for organ- 
isms, and if they are found, 50,000 to 200,000 units 
of penicillin should be injected intrapleurally. Daily 
aspiration of fluid and instillation of penicillm 


should be carried out until cultures are persistently 
negative. Fluoroscopic guidance may be needed 
for aspiration of small empyema pochets. If the 
exudate becomes especially thick and viscid, streplo- 
Unasc-streptodomase (Varidase) may facilitate its 
withdrawal. Aspiration of exudate and insbllation 
of penicillin is the treatment of choice in pericarditis 
aUo. In empyema or pericarditis, the development 
of loculation and thick exudate ^vith difficulty in 
aspiration should lead to consideration of surgical 
drainage. While there has been good success in 
the medical management of these infections of 
serous cavities, thoracotomy will sometimes shorten 
a patients hospital course and should not be neg- 
lected when difficulties develop in medical treat- 
ment. 

Other Measures. Oxygen may be used for intense 
cyanosis in pneumonia but is likely to aggravate 
abdominal distention. Codeine, 30 to 60 mg every 
few hours, will usually control mild pJemitic pain. 
A chest binder or adhesive strapping of the affected 
side may diminish pain but increases the likelihood 
of atelectasis and interferes with subsequent ex- 
aminations. When pain is severe, intercostal nerve 
block by injection of 2.0 ml of 1 per cent procaine 
beneath the rib margins proximal to the site of pain 
is usually effective. The procedure is not technically 
difficult or dangerous. Other methods of relieving 
pleurib'c pain are usuaUy transient in their effect 
but are sometimes worth trying; they include ethyl 
chloride spray over the painful area, intravenous 
Injection of calcium gluconate, and intravenous in- 
jc^ion of tetraethylammonium chloride. 

PROGNOSIS 

With proper chemotherapy, the mortality from 
pneumococcal pneumonia has fallen to less than 5 
per cent, and in many clinics to less than 1 per 
cent. The recovery rate in meningitis is 70 to 85 
per cent. Pneumococcal endocarditis is still fatal in 
at least half the cases. 

Signs of poor prognosis in pneumonia include 
leukopenia, circulatory collapse, multilobar involve- 
ment, and persistent bacteremia. Jaundice is often 
prominent in fatal cases, but icterus alone is not a 
poor prognostic finding. 
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m STAPHYLOCOCCAL 
INFECTIONS 
C. Rogers 

Staphylococci c.iuse most superficial suppurative 
infections m man. They also produce ecrlam serious 
infections of the lungs, pleural space. Jong bones, 
kidnejs, and surgical wounds. 

Staphylococci infections have assumed Increas- 
ing clinical importance since the development of 
antibiotics. Between 50 and 80 per cent of serious 
staphylococcal infections now arise in JiospilaUzcd 
parients. Certain characteristics of staphylococci 
appear to have led to this situation. These ore: 
(1) the frequency of potentially pathogenic strains 
as part of man’s normal flora, (2) Uic c3p.ncity of 
staphylococci to develop resistance to each new 
antimicrobial in wide use, and the sluggish response 
of established staphylococcal disease to antibac- 
terial therapy, (3) the tendency of staphylococci 
to produce disease in debilitated patients, and (4) 
the rapid tissue destruction and abscess formation 
which characterize st.aphylococcal infections. 
Bacteriology. Staphylococci ore spliencal gram- 


positive cells which grow abundantly in the usinl 
meat extract or infusion media. On solid agar 
media, staphylococcus colonics develop cli.-ir.ictcr- 
Wic pigmentation by which three species can be 
differentiated: MfcrococcitT pj/ogrnca var. mirciw 
{Strtplujtocflcciis aureus), golden yellow, Af/cro- 
cocats pyogenes var. albus (Staphyhcocais aVm), 
ivory' white, and .tf/erococcus citreus, lemon yellow. 
.Most human infections arc causetl by S. aureus. 
T\tc iiatne staphylococcus derives from the char- 
acteristic grapchlc clusters of organisms seen in 
stained smears prepared from colonies on solid 
medin (Greek slapfuilr, grape). In stained smean 
obtained from pus, smaller clusters, diploids, and 
short cluins arc seen. In such prcp-iratinns, staphy- 
locoed ch.in»ctcrislically’ retain their uniform round 
slfc-ipe, in fonJrast to the bo-athke form? assumeij 
by pneumococci. Staphylococci m.iy lie seen within 
the cytoplasm of pnlymorphoniicfcar ceff? in pus, 
a finding not common in other gram-positive coccal 
infection?. 

In general, pathogenic strains possess a broader 
complement of biochemical activities, and several 
JjJwralory methods are commonly used to recognize 
these p.'iiliogcnlc strains. Most sl.vphv locoed iso* 
lat«l from active infections produce jeflow pigment 
and hetnolyre rabbit or sheep red blood cells in 
blood ag.ir pl.ilcs. 'Hie ability to produce coagtdiijc, 
a substance which clots the plasma of certain 
animals and man, the elalmratinn of alpfia foxln, 
tlic fcrronilatJon of mannf/e, and the IiydmJysis of 
phcnolpMtoMn phosphate ore characteristics of 
Infection-producing strains. 'Tlie ability of a givTn 
strain to produce coagulasc is generally considered 
the best simple evidence of probable pathogenidty. 

Different strains of pathogenic staphylococci 
can be recognized liy’ the p.'itfcm? of lysfs produced 
liy’ staphylococcal bacteriophages. Although tech- 
niques arc oimlxirsome, phage typing of staphy- 
lococci now allows more precise strain characteriza- 
tion and is cnnimonly used In studies of inlr.ahospif.'il 
disease and cpidenu’es of staphylococcal infection. 

Palliogcnesis. Little is known of the events which 
allow staphy locoed to become invasive and produce 
active disc.ase. Enormous numbers of staphylococci 
must be used to establish experimental infections 
in amm.al$ or man. Strains of staphylococci capable 
of producing InfecUon arc common skin and mucous 
membrane inhabitants, and over 50 per cent of 
serious staphylococcal infections of deep tissues 
arise from skin foci of infection. A Ics.?cr number 
of staphylococcal infections originate in the respira- 
tory or genitourinary tract. 

Certain situations are kmown to predispose to 
staphylococcal disease. Diabetics have a high 
Inodcrtcc of staphylococcal infections. Under cir- 
cumstances of severe {Ichilitallon and/or malnt/fri- 
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tion, staphylococcal infections are common. Staphy- 
lococcal infections commonly arise when sUn con- 
tinuity is broken. Abrasions, wounds, burns, and 
skin areas denuded by exfoliatice dermatitis are 
commonly infected with staphylococci. Individuak 
who work wiU^ greasy' skin irritants have a greater 
incidence of superficial staphylococcal infections. 
Influenza and measles appear to predispose to 
staphylococcal invasion of the lower respiratory 
tract. Broad-spcctrum antimicrobial therapy may 
allow the implantation or overgrow’th of antimi- 
crobial resistant strains of staphylococci in the 
gastrointestinal tract and the production of active 
staphylococcal disease. 

Staphylococci appear to invade the human in- 
tegument via hair follicles and sebaceous glands. 
M'hen the skin continuity has been breached, active 
local microbial multiplication is accompanied by 
inflammation and tissue necrosis at loc^ sites of 
infection. Polymorphonuclear leukocytes rapidly 
enter the area and ingest large numbers of staphy- 
lococci. Thrombosis of surrounding capillaries oc- 
curs, fibrin is deposited about the periphery, arrd 
later, fibroblasts aeate a relatively avascular \^•all 
about tho area. The fully de\'eloped staphylococcal 
lesion consists of a central core of dead and dying 
leukocytes and bacteria Nvhich gradually liquefies 
to form characteristic thick, creamy staphylococcal 
pus, surrounded by a fibroblastic wall, the “pyo- 
genic membrane.” 

^Vhen host mechanisms fail to contain the cu- 
taneous or subcutaneous infection, staphylococci 
may enter the blood stream. Common sites of meta- 
static seeding are the diaphyseal ends of long bones 
in children, the lungs, kidneys, endocardium, liver, 
spleen, and brain. 

Certain biologic properties of staphylococd ap- 
pear to contribute to pathogenidty. Many patho- 
genic strains elaborate an exotoxin (alpha loxtn) 
capable of causing dermal necrosis in animals. 
Fever, tachycardia, cyanosis, shock, and death en- 
sue when exoto-rin is administered to e.Tperimenlal 
animals intravenously. A similar picture has been 
observed in certain fulminating cases of staphy- 
lococcal bacteremia in man. 

The high correlation between coagulase produc- 
tion and drulence suggests that this substance 
is important in the pathogenesis of staphylococcal 
infections. Although coagulase has been said to 
protect staphylococci from leukocytes, active phago- 
cytosis of staphylococci is readily demonstrated in 
systems containing human plasma or serum. Abscess 
formation is said to be less common in animal species 
who lack a coagulable plasma and in infants who 
show low b'ters of serum coagulase reacting factor. 
The thesis that coagulase may play a role in focal 
abscess formation is weakened by the demonstra- 


tion that mice, who lack a coagulable plasma, de- 
velop typical abscesses during staphylococcal in- 
fections. Certain studies indicate tliat coagulase 
may protect staphylococci from bacteriostatic sub- 
stances present in normal serum. Thus while coag- 
ulase may be important in the initiation of staphy- 
lococcal infections, its precise role has not been 
established. 

Certain pathogenic staphylococci produce a leu- 
kocidm which destroys human and rabbit leukocytes 
in vitro. Some strains elaborate hyaluronidase. 
Many staphylococci produce an enterotoxin which 
produces nausea, vomiting, and diarrhea in certain 
experimental animals and man. 

In vitro studies have demonstrated that patho- 
genic staphylococci can survive within human leu- 
kocytes while nonpathogenic strains do not. Such 
intracellular survival may be a means of transport- 
ing staphylococci and spreading tcj distant tissues. 

Immunity. Clinical obser\’ation suggests that 
some degree of resistance to staphylococcal rnfec- 
Uons develops with age and experience with staphy- 
lococci. Primary staphylococcal pneumonia is com- 
mon in infants, but rare in adults. Acute staphy- 
lococcal osteomyelitis is almost exclusively a disease 
of children. Abscess formation appears to be less 
usual and bacteremia more frequent in infants than 
in adults. 

Pathogenic strains may possess a capsiJar struc- 
ture or surface component which impedes phago- 
cj^osts. Several studies suggest that specific opsoniz- 
ing antibody is required for the phagocytosis of 
pathogenic staphylococci. Antistaphylococcal anti- 
body has been sbovvai to pass from mother to fetus, 
and the incidence of demonstrable hemagglutinat- 
ing antibody rapidly rises with age. Virtually lOO 
per cent of adults possess antistaphylococcal anti- 
bodies in their serum. Nevertheless the role of 
humoral immunity in modifying or protecting 
against staphylococcal infection is uncertain. Sero- 
logic techniques have thus far failed to demonstrate 
a significant increase in antistaphylococcal anti- 
body following prolonged staphylococcal infections. 
Immunization of animals with exotoxin, coagulase, 
or whole staphylococci may prolong experimental 
staphylococcal infection, but does not protect 
against eventual death. At present there is no 
satisfactory evadence to suggest that human staphy- 
lococcal infections can be significantly modified by 
vaccination or "desensitIzation.” 

Epidemiology. Pathogenic strains of staphylo- 
cocci reside in the anterior nares and upon the skin 
of 30 to 60 per cent of human beings. Hospital 
patients and personnel have significantly Ingher 
staphylococcxil carrier rates than the general popu- 
Jatfon. Over 90 per cent of ne\vbom infants ac- 
quire staphylococci within the anterior nares within 
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2 \veel.s. Such infants are colonized hy the same 
staphylococcal phage types found in nursery per- 
sonnel. 

Staphylococci remain viable for long periods 
in dust, blankets, or clothing. Wiether nasal dis- 
charges and contaminated airborne dust particles 
or direct contact represent the more important 
means of transmission of staphylococci from person 
to person remains a subject of controversy. Active 
staphylococcal infections are probably a more seri- 
ous source of cross infection than the simple carrier 
stale. 

Certain phage types of staphylococci are respon- 
sible for the majority of intrahospital infections. 
The so-called “epidemic strain” 80/81 causes 30 
to 70 per cent of serious intrahospital infections. 
Epidemics of staphylococcal disease in ne%vbom 
units or surgical services ore almost always pro- 
duced by antimicrobial resistant 80/81 strains, 
more occasionally by other antimicrobial resistant 
phage group III strains. Tlie high incidence of 
active staphylococcal disease in carriers of 80/81 
strains suggests that this strain may possess higher 
virulence for human beings than do most strains of 
staphylococci. 

Antimicrobial Hcsistance. The introduction of 
each new drug active against staphylococci has 
been followed by the appearance of staphylococci 
specifically resistant to that agent. \M»en penicillin 
was first Introduced, less than 10 per cent of 
staphylococcal strains isolated from patients or car- 
riers were resistant to penicillin in vitro. By 1961, 
60 to 90 per cent of staphylococci isolated from 
hospitalized patients throughout tlic world were 
insusceptible to penicillin. This pattern of the 
emergence of resistant strams has followed the 
use of streptomycin, the tetracyclines, chloram- 
phenicol, erythromycin, oleandomycin, and novo- 
biocin. The incidence of resistance to a spcaBc 
antimicrobial has correlated closely with the fre- 
quency’ of its administration. Resistance to bacitra- 
cin, neomycin, kanamycln, ristocetin, and vancomy- 
cin has been rare. 

Most of the observations on the incidence of 
antimicrobial resistant strains have been made 
within hospitals where antimicrobial use is heaviest. 
It has been shown that drug susceptible strains 
earned by patients may be rcpla^ drug 
resistant group III or type 80/81 staphylococci 
present in the iiospital environment during antimi- 
crobial treatment. These strains are in turn ac- 
quired by hospital personnel who serve as a 
reservoir of potentially pathogenic, antimicrobial 
resistant strains. Staphylococci isolated from popu- 
lation groups outside the hospital have not shown 
such a striking increase in the incidence of anti- 
microbial resistant strains. This fact is of great im- 


portance in preliminary decisions regarding the 
therapy of staphylococcal infections. 

SUPERFICIAL INFECTIONS 

Simple infection of hair follicles manifested hy 
a minute erythematous nodule without involvement 
of the surrounding skin or deeper tissues is termed 
folliculitis. Chronic recurrent folliculitis of the beard 
area is termed sycosis barbae. 

A more extensive and invasive follicular or se- 
baceous gland infection with some involvement of 
subcutaneous tissues is termed a furuncle or hcH- 
Itching and mild pain are followed by progressive 
local swelling and erythema. The overlying skin 
becomes thinned, tense, shiny, and exquisitfly 
painful on pressure or motion. Relief of pain 
occurs promptly after spontaneous or surgical 
drainage. 

Furuncles are most frequent on the face, nefk, 
axillas, forearms, buttocks, thighs, breasts, upper 
back, and labia. The acne of adolescence is fi^- 
quenlly complicated by secondary furunculosis- 
Staphylococcal infection can involve the sweat 
glands in the axilJas {Iildradenitls suppuratlcd)’ 
These infections may be deep seated, slow to IocaI* 
ize and drain, and are prone to recurrence 
scarring. 

Staphylococcal infections witliin tlie thick, B* 
brous, inelastic skm of the back of the neck 
upper back lead to formab'on of a carbuncle Th® 
relative thickness and impermeability of the over- 
lying skin lead to lateral e.'ctenslon and loculation. 
and a large indurated, painful lesion with multiple 
ineffective drainage sites results. Carbuncles pro* 
ducc fever, leukocytosis, citreme pain, and prostfa* 
lion. Bacteremia is common. 

OSTtObT're.L'niS 

Staphylococci are responsible for the majority of 
cases of acute osteomyeUiis. This infection occurs 
almost exclusively in children xmder the age of 
twelve and has dropped sharply in incidence sin®® 
the introduction of antibiotics. Males are affected 
more commonly than females. Approximately 50 
per cent of patients give a history of a furuncle or 
superficial staphylococc.'d infection preceding osteo- 
myelitis. Bone involvement follows hematogenous 
dissemination of bacteria. The frequent localization 
in the diaphyseal end of long bones is thought to 
be due to the endarterial circulation of the diaph)’- 
sis. Many patients give a history of preceding 
trauma to the involved area. 

Once established, infection spreads through th® 
newly formed juxta-epiphjseal bone to the perios- 
teum or along the marrow cavity. If the infection 
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readies the siihperiosleal space, the periostewm 
is lifted, a subperiosteal abscess forms, and rupture 
with infection of the subcutaneous tissues may 
occur. Rarely, the joint capsule is penetrated, pro- 
ducing a pyogenic arthriUs. There is death of bone 
producing sequestrum followed by new bone forma- 
tion (theincoh/crum), 

Occasionally indolent staphylococcal infections 
of bone remain localized within dense granulation 
tissue about a central necrotic cavity. Such a local 
infection may persist for years as a so-called 
Brodie’s abscess. 

Osteomyelitis in children usually begins abruptly 
with chUIs, high fever, nausea, vomiting, and pro- 
gressive pain at the site of bony involvement. 
NIuscle spasm about the affected bone is a common 
early sign of osteomyelitis, and the cliild may refuse 
to move the affected limb. Leukocytosis is the 
rule. Blood cultures are positive for staphylococci 
in 50 to 60 per cent of cases early in the disease. 
Tlie tissues overlying the involved bone become 
edematous and warm, the skin becomes erythema- 
tous and shiny. Anemia develops during the course 
of untreated disease. Roentgenograms are usually 
normal during the first week. Bony rarefaction, 
local periosted elevation, and new bone formation 
can frequently be seen during the second week. 

Diagnosis. Osteomyelitis should be suspected in 
any cl^d with fever, limb pain, and leukocytosis 
History of a preceding cutaneous infection, local 
tenderness over the end of a long bone, and the 
finding of Staphylococcus aureus in blood cultures 
are confirmatory. In early stages, osteomyelitis 
must be differentiated from acute rheumatic fever, 
poliomyelitis, pyogenic arthritis, scurvy, and syphi- 
litic periostitis, 

Trognosis. Prior to the advent of antimicroblab, 
the over-all mortality was approximately 25 per 
cent. Death was more common in individuals with 
demonstrable bacteremia. Chronic osteomyelitis 
with recurrent activation and metastatic foci in 
other bones was common. Today acute staphylococ- 
cal osteomyelitis is declining in incidence, death 
is rare, and clironic osteomyelitis is disappearing. 


STAPHYLOCOCCAL PNEUMONIA 

Staphylococci are the cause of 1 to 5 per cent 
of bacterial pneumonias. This disease occurs spo- 
radically except during epidemics of influenza 
when staphylococcal pneumonia is more common. 

Primary staphylococcal pneumonia in infants and 
young children is a frequent cause of pyopneu- 
mothorax. This complication occurs early and should 
suggest S/op7ir//ococcus aureus infection. In oUct 
children and adults, primary staphylococcal pneu- 


monia is usually secondary to influenza or measles- 
More recently, staphylococcal pneumonia has been 
seen with increasing frequency in hospitalized pa- 
tients with leukemia, mucoviscidosis, diffuse col- 
lagen disease, or other chronic debilitating disease. 

In adults, pneumonia is generally preceded by 
an Influenza-like respiratory infection. Onset of 
staphylococcal involvement is abrupt with chills, 
hi^ fever, progressive dyspnea, cyanosis, cough, 
and pleural pain. Early peripheral vascular collapse 
is common, and e.xamination frequently reveals a 
patient wlio seems sicker than his physical findings 
would suggest. Sputum in the early phases is not 
characteristic but may become frankly purulent. 
Admixture with blood may produce a thick, creamy, 
pink sputum. 

Staphylococcal pneumonia arising in hospitalized 
patients may begin more insidiously. Increasing 
fever, tachycardia, and an elevated respiratory rale 
may be the only indications of infection. Typical 
pneumonic symiptoms may also be absent when 
pulmonary involvement occurs during the course 
of staphylococcal bacteremia. 

Staphylococci generally produce patchy, cen- 
trally located areas of pneumonia. Pleural involve- 
ment and empyema are common. 

Because of the central pulmonary involvement, 
clicst findings are variable. Signs of frank consolida- 
tion are rare. Scattered fine to coarse rales and 
rhonchi may be hoard over the involved areas. 
Empyema produces typical signs of pleural fluid. 
Signs of abscess may appear late in the course of 
the disease. Bacteremia is unusual (less than 20 
per cent of patients) , and its presence should sug- 
gest that the pneumonic involvement is metastatic 
and secondary to foci of infection ebewhere. Chest 
x-rays commonly reveal a patchy pneumonic process 
about the hilar area and may show early evidence 
of pleural fluid accumulation. 

The course of staphylococcal pneumonia may 
be stormy despite adequate antimicrobial therapy. 
Gradual defervescence starting 48 to 72 lir after 
the initiation of therapy is the rule. Pulmonary 
abscesses or empyema cavities frequently require 
local surgical treatment. 

Diagnosis. Staphylococcal pneumom’a must be 
differentiated from other pneumonias. The preced- 
ing influenza-like illness, rapid onset of pleural pain, 
cyanosb, and prostration out of proportion to 
physical findings should suggest primary staphylo- 
coccal pneumonia. The finding of masses of poly- 
morphonuclear leukocytes and gram-positive intra- 
leukocytic cocci strongly suggests tlic diagnosis. 
The blood leukocyte count is generally above 15,- 
000. The sudden or insidious development of pneu- 
monia with high fever, tachycardia, and leukoc)’- 
tosis in debilitated, hospitalized patients receiving 
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anlimicrobijls should be considered staphylococcal 
in origin. 

Prognosis. Prior to 1942, morl.ahty ranged Itom 
so to 95 per cent. The presence of bacteremia was 
almost in\ariably associated with a fatal outcome. 
Tlie prognosis has impro%ed witli the use of anti- 
microbials but continues to range from 15 to 20 
per cent in primary staphylococcal pneumonia. 
Higher mort.ality is seen in debOitated indhiduals 
acquiring staphylococcal pneumonia in the hospital. 
Abscess formation and pleura! involvement often 
prolong convalescence. 

STAPHIXOCOCCAL BACTEREMIA 

Staphylococcal bacteremia may arise from any 
local staphylococcal infection. Infections of the 
skm, respiratoiy tract, long bones, or genitourinary 
tract precede bacteremia in descending order of 
frequency. Trauma to local lesions, such as pinch- 
ing, or surgical drainage before adequate localiza- 
tion may precipitate bacteremia. 

Rarely, patients with bacteremia die in 12 to 
24 hr with high fever, tachycardia, cyanosis, gastro- 
intestinal symptoms, and vascular collapse. More 
commonly, the course of the disease is slower, with 
hectic fever and metastatic abscess formation in 
the skin, bones, kidneys, brain, myocardium, spleen, 
or other tissues. Meningitis is an occasional com- 
plicationi 

EndocardiUs of the malignant or ulcerabve type 
occurs in 20 to 60 per cent of patients with pro- 
tracted bacteremia Normal heart valves arc frc. 
quently involved Typically, staphylococcal endo. 
carditis runs an acute course with high fever, 
progressive anemia, and metastatic abscesses in 
tlie skui and deeper structures Rupture of the 
valve leaflets and valve ring abscesses are common. 
Specific diagnosis of endocardial involvement is 
difficult Its presence should be assumed in patients 
with staphylococcal bacteremia with demonstrable 
cutaneous lesions (petecbiae or cutaneous pustules) 
and a significant heart murmur. 

Both coagulasc positive and coagulase negative 
staphylococci can occasionally produce a subacute 
endocarditis indistinguishable from that produced 
by Strcpfococcws oirldflns. Coagulase -negative 
staphylococcal endoc.irditis has been seen vviUi 
increasing frequency in patients undergoing cardiac 
surgical procedures. Tins fact should be remen'i- 
bered when blood cultures are reported as "con- 
taminated” with Sfapfiijlococcus albus strains. 

Staphylococcal bacteremia is generally accorn- 
panied by a polymorphonuclear leukocytosis of 
]12,000 to 20,000, but a normal leukocyte count or 
'leukopenia is occasionally’ seen. Anemia develops 
rapidly during the coxuse of tlie illness. 


ISCASCS DUE TO BIOLOGIC AGENTS 
Piognnsis. Staphylococcal bacteremia is an ex- 
tremely serious disease. Prior to the development 
of antimicrobials, over SO per cent of individuals 
succumbed, the majority within 10 days of the 
onset of illness The development of endocarditis 
or meningitis during bacteremia was almost invari- 
ably fatal. The sulfonamides produced little altera- 
tion in this mortality. From 50 to 60 per cent of 
patients now survive with tlie administration of 
cIFcctivc antibiotics and appropriate surgical treat- 
ment of local sites of infection. 

STAPHYLOCOCCAL FOOD POISONING 
Certain strains of staphylococci produce an en- 
terotoxifl vvliidi is responsible for the majority of 
outbreaks of acute gastroenteritis. Foods are com- 
monly contaminated from superficial infections in 
food handlers or by nasal droplets containing patho- 
genic staphylococci. Cream-filled pastries, custards, 
cottage cheese, milk products, or meats subjected 
to improper refrigeration allowing staphylococcal 
multiplication are the common offenders. 

Symptoms typically appear I to 6 hr after in- 
gestion of enterotoxin. The onset is usually obnipl, 
with severe nausea, vomiting, cramping abdominal 
pain, diarrhea, and prostration. The disease Is 
brief and requires only rest and sedation. Bare 
fatalities have occurred in the aged. Diagnosis 
can be surmised from the short incubation period, 
the epidemic nature of the disease, the short dura* 
tion of symptoms, and the lack of fever. Etiology 
can be proved only If specimens of ingested food 
can be shown to contain large numbers of entero- 
toxin-producing staphylococci. 

STAPinXOCOCCAL ENTERITIS 
Staphylococcal enteritis, a true infection of the 
gut tliat sometimes complicates anbmicrobial ther- 
apy, is described on p. 1657. 

MISCELLANEOUS INFECTIONS 
Staphylococci may cause otitis, sinusitis, or mas- 
toid infections. Certain strains elaborate an ery'th- 
rogenic toxin that results in a rash indistinguishable 
from streptococcal scarlet fever. Pyelonephritis or 
lovver urinary tract infections may be staphylococcal 
In origin. Epidemics of staphylococcal pyoderma 
in newborn infants and maternal breast abscesses 
are a recurring problem in many maternity units 

THE CHANCING PATTERN OF 
STAPHYLOCOCCAL INFECTIONS 
Clianges have occurred in the relative incidence 
of some stapliylococcal syndromes. There is e\i- 
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dence to indicate that circumstances existing within 
modem hospitals may contribute to the incidraice 
of staphylococcal disease. 

In prolonging the life span of many patients 
with serious illnesses, a group of individuals with 
increased susceptibility to many infections has 
emerged. The adrenal steroids, corticotropins, nitro- 
gen mustards, or the folic acid antagonists appear 
to alter host defense mechanisms. Many surgical 
procedures create portals of entry for microorgan- 
isms. 

In this setting, staphylococcal infections (along 
wth gram-negative bacillary infections and certain 
fungous infections) have become an increasing 
proHem. Thus, staphylococcal infections now fall 
into hvo relab'vely distinct groups. 

Individvi'als viK& develop infection's outside the 
hospital commonly present \vith the typical acute 
staphylococcal sjudromes already discussed. The 
staphylococcal strains isolated from such infections 
have generally been susceptible to antimicrobial 
drugs. 

Individuals who acquire staphylococcal infec- 
tions withm hospitals often de\-elop atypical dis- 
ease caused by antimicrobial resistant strains of 
staphylococci. Staphylococcal pneumonia, formerly 
rare, now occurs as a terminal complication of many 
disease states. Postoperative wound Infecdons due 
to staphylococci have increased in frequenej'. Staph- 
ylococcal bacteremia arising in the hospital is a 
common problem, and staphylococcal enteritis is 
almost exclusively a hospital disease. 

There is little to suggest that staphylococcal 
strains resistant to antimicrobials are any more 
invasive than those which have always been prev- 
alent Nevertheless, the disease stales in which 
staphylococcal infections now commonly arise ns 
complications are often of themselves critical- 
Staphylococcal infections in these situations con- 
tinue to carry a high mortality. 

TREATMENT 

Features of Staphylococcal Infection >Vhich In- 
fluence Therapy. Certain characteristics of staphy- 
lococcal disease should be borne in mind in plan- 
ning therapy. 

1. The setting in which infection arises is of 
considerable therapeutic importance. Acute staphy- 
lococcal infections arising outside the hospital ore 
often caused by penicillin susceptible strains, al- 
though the incidence of antimicrobial resistant 
strains in urban communities is increasing. Most 
intrahospital infections are produced by strains 
which are insusceptible to penicillin. 

2. Staphylococci produce rapid necrosis of tis- 
sues. Delays in effective therapy may aUenv a 


reversible infection to become a chronic suppura- 
tive process that responds slowly, if at all, to anti- 
microbials. 

3. Frank abscess formation is common. IVTnle 
most antimicrobials probably reach abscess cavities 
in adequate concentrations, the physiologic insus- 
ceptibflity of microorganisms residing in areas of 
extensive necrosis or suppuration render these 
agents almost completely ineffective in this situa- 
tion. Surgical drainage of local lesions is often of 
primary' importance. 

4. Staphylococci are lolled slowly by antimi- 
crobials. Infections tend to become chronic, and 
relapses are frequent. Thus antimicrobial therapy 
should be continued longer than in many bacterial 
infections. 

5. While treatment must be initiated on the basis 
of past experience, rational therapy requires that 
the antibiotic susceptibility of the infection strain 
be known in planning changes in treatment. 

6. No single antimicrobial regimen has been 
found universally effective, and treatment is con- 
tinuously changing. 

It is now a common practice to administer more 
than one antimicrobial drug to patients with staphy- 
lococcal infections. Such mrJtidrug therapy has 
emerged because of two considerations: (1) The 
large number of therapeutic failures on any single 
antimicrobial program has Jed to an unwillingness 
to uithhold any agent of possible benefit to the 
patient. (2) There is in \itro evidence that the 
emergence of resistant microorganisms can be de- 
layed by tile simultaneous use of two or more 
antibiotics. It should be noted, however, that at 
present there is no convincing proof that combined 
antibiotic therapy is superior in the treatment of 
staphylococcal infection and that increasing resist- 
ance of Strains in deep-seated lesions under treat- 
ment is actually rare. It is the impression of many 
that the so-called “bactericidal" antimicrobials (pen- 
icillin, streptomycin, bacitracin, vancomycin) are 
more effective than the ‘Tiacteriostatic” agents in 
treating serious staphylococcal disease. 

Infections Arising outside the Hospilal. \Mien 
serious staphylococcal infection is suspected, ap- 
propriate cultures should be obtained and treat- 
ment started immediately with aqueous penicillin, 
6 million to 20 million units daOy. Smaller doses 
may be administered intramuscularly e^’ei}’ 2 hr. 
When daily doses over 10 million units are admin- 
istered, a continuous intravenous drip using a small 
scalp vein needle is generally required. Surgical 
drainage of local foci should be carried out. The 
addition of a companion antimicrobial such as 
erythromycin, novobiocin, or cblorarripbenicol may 
be advisable in view of the increasing number of 
erirabospftal infections insusceptible to penicillm. 
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Ittfccliont Aming irilhln ihe //os})f»a/. ^\^lcn 
stapfi) locoocal infection haJ ariten the hot- 

pilal or in other silualiant where aiitimJcroWal 
resistant strains arc common, therapy simuht l>c 
initiated with drugs other than penicillin. Agents 
which have been employed In such inh’ctlons In- 
clude vancom)cin, chloramphenicol, cr)ihiomy- 
cin, novohiocin, hanam)cin, ristocetin, strrploiny- 
cin, the tetracyclines, bacitracin, and neomycin. 

It is now clear ibat lUmethovjphrntjl ^>r«fcl///n 
or Staphcillin (p. 873) is the drug of choice in the 
initial treatment of scserc staphylococcal disease. 
It Is gisen intravenously or intramuscularly in a 
dosage of 1 Gm every 4 to 0 hr for adults ami 100 
mg per Lg of body vwiglit per slay for chiWau. 
Vancomycin is the one other antibiotic that can 
be used in Initial therapy in serious Intralmspital 
infections From 1 to 4 0 Cm should be admin- 
istered dally by vein in divided doses in rapid 100 
to 200 ml intravenovu Infusions, or by continuous 
intT.a\enous drip. 

Numerous other thempeutie programs have been 
emplovcd, depending on the characteristic anti- 
microbial sensitivity patterns of the strains preva- 
lent in the area and the familiarity of the phy-slclan 
with the nntimicfobbl agent. These include tlie 
following. (1) Doth chloramphenicol and novobio- 
cin or ctjthfomydn, 2 to 4 Cm daily, fn <livicl«l 
doses by the oral route. (2) Kan.amycin 2 0 Cm 
daily acfministcred in 0 5 Cm doses intramuscularly 
every 0 hr. In some clinics a companion antimi- 
crobial, active against staphylococci, is administered 
simultaneously. 

Changes in Therapy, Established staphylococcal 
infections respond slowly to the most effective anti- 
microbial regimens, making it difficult to Lmnv 
when therapy should be considered inatlequate. 
Characteristically, 2i to 48 hr elapses before a 
decline in fever is noted, and recovery is occom- 
p.micd hy slow return of the temperature to normal 
in 7 to 10 tl.iys If tlic disease process shows evi- 
dence of rapid progression during the first 21 to 48 
hr of treatment, or fever remains high for over 00 
hr m the absence of detectable abscess formation, 
antimicrobial therapy should be revised. 

W'lule in vitro sensitivity studies arc of great 
v.ihie, the clinical response of the patient is the 
most important indc-t on which to base changes 
in therapy. If the response to initial therapy Is 
satisfactory, it should be continued regardless of 
in vitro evidence of resistance of the staphylococ- 
'lus isolated. If changes In therapy are indicated 
ly the clinical course, other antimicrobials should 
le selected on the basis of the in vitro activity 
igainst the strain under treatment. Most strains 
if staphylococci now isolated (1901) arc sensitive 
0 vancomycin, kannmycin, ristocetin, and bacltra- 
:in. Tlio incidence of susccplibihty to novobiocin 


and thloromplicnicol remains aliovc GO per cent 
in most bospilalr. Strains susceptible In erythmmy- 
dn, tin? tetracyclines, streptomycin, and penicillin 
arc less commonly isolated in liospit.al centers. 

■nte* thcr.ii>cutic regimens outlin^ alxjvc apply 
la llic management of staphylnaiccal pnetimonU 
or badtTcmia. Treatment sliouM l>e cnnlimicrl for 
a minimum of 4 to 0 weeks. Any suggestion of In- 
adequate response or the presence of slapFiy fococcal 
cndimrditls should prolong treatment to 8 weeks 
to 4 months. 

Superficial Infections. Superficial infections fre- 
quently do not require the use of antibiotics. There 
is cuaenlly no adequate therapy' for recurrent 
funrnailosis, but if the duease is severe, antimi- 
crobia] treatment may l>e attempted. Anlibiolkt 
to vclildi the strain is luseeptihle should lie ad- 
ministered for a minimum of 10 to 11 days. I>vcat 
moist beat, imroobiHr.ation of the infected part, 
and incision and drainage should l>c iitilirerl Tlie 
surrounding skin should be protected with a coat- 
ing of jincotide to prevent maceration. Treatment 
cd the nasal carrier stale Iry the local application 
of topical anlihiotirs of low tmsitidng potential in 
a water soluble base (Ic, badlrarin, polymyxin, 
neomycin) may lie advisable. Careful daily Iwthi 
with germldilal soaps, attention to personal hy- 
giene, and life passage of time appear to Ire 
measures most likely to InlrTTupl the pmecss. At- 
tempts to ptuvenl recurrrnfr by autogenous or 
otlier vaccines have Dot proved generally effcc- 

liVT. 

Kmp>Tma. Empyema should treated by aspir- 
ation. In penicillin sensitive infections the instilU- 
lion of 200.000 to 500.000 units of pcnlollin mry 
be wnrthwhlle. Streptomycin, 200 to 1,000 mg. 
may be utilized. If loculation and thick exudate 
prevent adequate needle drainage, the local instdla- 
lioiv of proteolytic enzymes may aid m liquefying 
the exudate. The removal of exudate is the most 
important aspect of treatment. Surgical tlrainrge 
is frequently necessary and should be undertaken 
promptly If neesUe drainage is in.vdc«juale. 

Osteomyelitis. Acute osteomyelitis is generally 
producrsl by penicillin susceptible strains. Aquemis 
pcnldllui, 300,000 to 1,000,000 imits, should be 
Riven every’ 4 br and continued for 14 to 2.S days. 
If the Illness is rapklly progressing or an antimi- 
crobial resistant strain is suspoctctl, varicnmvcin, 
cliloramphenicol, novobiocin, crytliromyrin, or 
streptomyxin should bo admlnUtercd along with 
penicillin. Bacitracin may be of value in certain 
cases. Local drainage of abscess cavities in soft 
tissues or Iwnes should be considered Jn all patients 
where response to antimicrobials is inadequate or 
delayed, but the need for surgical intervention is 
rare. If sequestration occurs, devitalized bone 
sliould be removed. 
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m HEMOLYTIC 

STREPTOCOCCAL 
INFECTIONS 
(Including Rheumatic Fever 
and Glomerulonepliritis) 

Charles H. Rammelkamp, Jr. 

Aerobic streptococci, as a group, are probably 
among the most important bacterial pathogens 
for man. These bacteria may invade any tissue or 
organ and, depending on the site of invasion and 
the parasite-host relationship, produce different 
clinical syndromes. Streptococcal infections may be 
divided conveniently into bvo large groups. The 


acute and often dramatic illnesses, such as sore 
throat, scarlet fever, erysipelas, puerperal fever, and 
lymphangitis, are included in the first group. These 
Sections occur frequently and are characterized 
by certain toxic, septic, or suppurative features. 
The second group of diseases have been called 
the late, nonsuppurative complications of strepto- 
coccal infections. These illnesses, which include 
acute rheumatic fever and acute glomerulonephritis, 
commonly become manifest 2 to 3 weeks after an 
acute streptococcal infection. These diseases assume 
major importance because they may be followed 
by chronic valvular heart disease or possibly by 
ciuonic nephritis. 

History. Although scarlet fever was recognized 
in 1676 by Sydenham, rheumatic fever and acute 
nephritis were not well described imtil 1805 and 
1836, respectively. The role of the streptococcus as 
the indling agent of scarlet fever was established 
in 1924. With the realization that rheumatic fever 
and nephritis were related to streptococcal infec- 
tions, methods for the control and management 
of these nonsuppurative complications developed 
rapidly. 

Bacteriology. Streptococci are gram-positive and 
tend to form chains. When streptococci are grown 
on a sheep blood agar plate, it is possible to divide 
them into three groups. Alpha colonies show a zone 
of incomplete or green hemolysis; beta streptococci 
exhibit a clear zone of complete hemolysis; and 
finally, gamma streptococci produce no visible 
change in the blood agar. Such a simple procedure 
as streaking a culture on a blood agar plate i$ suf- 
ficient to indicate the important pathogenic strep- 
tococci, because those exhibiting befa-hemolysjs are 
responsible for ibe majority of infections in tnari- 

On the basis of a specific carbohydrate, 12 groups 
of streptococci have been identified and design.'ited 
LancefieJd groups A, B, C, D, E, F, G, H, K, L. 
M, and N. Respiratory infections are caused by 
group A and only rarely by groups C and G strep- 
tococci. Group D streptococcus, previously referred 
to as Streptococcus faecalis or enterococci, inhabits 
the gastrointestinal tract and is responsible for in- 
fections of the abdominal cavity and the urinary 
tract. 

Not only may streptococci be classified by group- 
ing, but also most groups contain several different 
types. Group A, of primary interest to tlie clinician, 
comprises at least 40 specific types. Typing is based 
either on an agglutinin reaction or on Die precipitin 
test. The type-specific antigen is the T-substance in 
the former method, the M-substance in the latter. 

By grouping and typing streptococci, consider- 
able information has been accumulated concerning 
streptococcal infections from both a theoretic and 
a practical standpoint. The carboh) drate responsible 
for the group characteristics is nontoxic and un- 
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associntcd with \irulence or immunity. In contrast, 
the M-protc!n, whidi lags the organism as the 
polysaccharide tags the pneumococcus, is identified 
by t)ping, is antigenic, and is probably responsible 
in part for the drulence of the organism as well ns 
for typc-spccific immunity. Glossy forms of group 
A streptococci which contain no M-substance ore 
avinilent, whereas wndent organisms always con- 
tain this specific protein. The T-substance is not 
related to virulence. 

Several substances produced during the growth 
of beta streptococci scr\'c to diilcrcntiatc these or- 
ganisms from other streptococci, as well as to ex- 
plain. in part, their pathogenic effects. The type of 
hcmoljsis has been used, as described above, for 
classification of these bacteria. Of the various 
hemolysins produced by streptococci, at least two 
types lias’e been recognized and termed streplotysln 
O and sfrepfo/i/sin S. Tliey arc produced by strepto- 
cocci of Lancefield groups A, C, and C, tlic three 
organisms which cause the majority of human in- 
fections. The role of tlicse hemolysins in infections 
in man is not definitely Inown, but they may be 
responsible for the anemia ohsened during the 
course of certain streptococcal diseases. In man. 
Infections due to streptococci of groups A, C, and 
G result m the production of antistreptolysin 0 Ap- 
proximately 83 per cvnt of patients develop anti- 
streptolysin O during the second to third week of 
convalescence. It is apparent, then, that the deter- 
mination of the antulfcptol)'sin titers of acute and 
convalescent scrums may establish the diagnosis, 
since an increase in titer occurs following a strep- 
tococcal infection. 

Another filtrable toxin produced by group A 
streplococa is the crythrogcnic or scarlatinal toxin. 
It IS so named because it causes a scarlatiniform 
rash when injected into man, and if sufficient quan- 
tities are given, there may be fever and nausea. 
That this toxin is resjionsible for the rash and toxic 
features of scarlet fever is well cstabhshed. Trask 
and Blake were able to demonstrate a toxin in the 
circulating blood of patients with scarlet fever and 
showed tliat it was neutralized by specific antitoxin. 
Using the erythrogcnic lo.xin as an antigen, a skin 
test for susceptibility to scarlet fever was developed 
by the Dicks When one skin test dose is injected 
mtradermally, persons susceptible to the crjthro- 
gcnic toxin respond with an area of erythema wbicli 
reaches its maximum within 21 hr. Persons cxliibit- 
ing this skm reaction are susceptible to scarlatini- 
rashes wlien infected by streptococci which 
oduce erythiogemc toxin. It should be cmplia- 
;ed that individuals exhibiting a negative Dick 
in test, although generally immune to scarlet 
I’er, are not immune to infection by group A 
eptococci The occasional occurrence of second 
tacks of scarlet fever may be explained by the 


fact that there are at Ic.ist two types of iinmuno- 
logically distinct eiylhrogcnie toxins. 

In 1033, it was observed that hemolytic strepto- 
cocci rapidly liquefied human fibrin. The extracel- 
lular xulistancc responsible for this action is termed 
^repfokinose. Streptokinase docs not lyse tlic fibrin 
directly but activates a serum enz)Tnc, pl.istninogen, 
winch in turn lyses the clot. Streptokinase is pro- 
duced by strains of Lancefield groups A, C, and G, 
and only occasionally in small amounts by groups 
B and F. 

The exact role of streptokinase in the infectious 
process is not known. Tlie spreading nature of strep- 
tococcal infections has been thought to be due to 
streptokinase which breaks down the fibrin barrier. 

Fallawmig infection in man by a strain of group 
A streptococcus which produces large amounts of 
streptokinase, antibody usually develops which spe- 
cificatty prevents the lysis of fibrin. Tims, the meas- 
urement of anUstreptokinase may aid in diagnosis 
This serologic test is not so useful a diagnostic tool 
as the ontistrcptoljsin lest because not all group A 
streptococci produce sufficient streptokinase to 
stimulate antibody formation. 

Stnplodomasc (dtoxjTiboniiclfasc) is an en- 
zyme produced by several groups of streptococci 
Croup A organisms produce three (A, B. and C) 
immunologically distinct deoxyribonucleases which 
dcj>ol)incfl 2 e dtxsxvTibonucleoprofeln and de- 
oxyribonucleic acid, the two substances which 
account for the high viscosity of exudates. A 
preparation of streptokinase-streptodomaso (SK* 
SD) is now available for injection into body cavities 
containing pus or blood. Such therapy results in the 
liquefaction of the fibrin and cellular debris. 

Ollier substances produced by streptococci are 
Icukocidm. hyaluronidase, and streptococcal pro- 
teinase. Lcukocidin, which is probably identical 
with streptolysin O. is able to inhibit pliagocvtovis 
in vitro. The enzyme hyaluronitbise, or spreading 
factor, undoubtedly f.-icilitates the spread of bac- 
teria by increasing tissue permeability. It is pio- 
ducc*d m large quantities by types 4 and 22 of 
group A streptococci. 

ACUTE STREPTOCOCCAL INTECTIONS 
Epidemiology 

Aerobic streptococcal infections are observed in 
aU races, in both sexes, and at all ages. Further- 
more, they occur during any season of the year 
tliroughout the world. The Incidence and the clin- 
ical manifeslallons are altered by cerbiin of the 
above factors. Thus streptococcal respiratory in- 
fections, Including scarlet fever, are encountered 
especially during the colder months of the year. 
Scarlet fever is rare in tlie tropics. Under the age 
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of tlirco months, streptococcal infections arc rare 
and, when they ocair, are associated with a liigh 
morlalit)'. Between tlie ages of six months anti ten 
years, scarlet fc\cr occurs frequently. Tonsillitis 
and phatyngitls arc especially prevalent throughout 
childhood and early adult life. In womerr during 
the child-bearing period, puerperal infections 
caused by streptococci are occasionally obscrx'cd. 
Finally, crj’sipelas, which may occur at any age, 
appears to be more prevalent in infants and the 
older age groups. 

Soon after birtli, alpha streptococci appear in the 
upper respiratory tract and m.iy be isolated there- 
from throughout life. Streptococci of Lanccficld 
groups C and G and, more rarely, organisms of 
groups other than A m.!)’ be isolated from the oro- 
pharynx of 5 per cent or more of the normal popti- 
lallon. Occasionally group C and C streptococci 
cause tonsillitis. 

The group A flora of the oropharynx of any popu- 
lation group is made up of many different specific 
t)'pes, but usually several types predominate. In 
general, at least S per cent of the people of any 
community harbor group A streptococci. The prcv.v 
Icncc varies and depends upon the cultural methods 
used as well os upon cnWronmcntal, host, and bac- 
terial factors. Persons under twenty years of age. 
especially if the tonsils are present, arc most liVcly 
to harbor group A streptococci. 

Studies of carriers of group A streptococci sug- 
gest that ‘many arc convalescent carriers; tliat is, 
they recently suffcrcrl either an apparent or an 
unapparent infection. Tliis appears to be especially 
likely if large numbers of streptococci arc isolated 
from the oropharynx. Such individuals frequently 
give a histoiy of a recent Illness, and the antistrep- 
tolysin tiler of their serum is high. These data sug- 
gest that streptococci of group A rarely occur in 
the throat in large numbers except immediately 
before, during, or after an infection. Once an indi- 
vidual has been infected, he may icmain a cairici 
for many months. As the carrier slate progresses, the 
streptococci lose their ability to produce M-protcin. 

Ability to spread disease appears to be an at- 
tribute of individuals who have recently been in- 
fected Whether this is because such persons harbor 
numerous streptococci in the nose and throat or 
because the organisms arc especially capable of 
parasitizing another person cannot be determined 
from the avadable evidence. It is established that 
nasal carriers of group A streptococci are especially 
likely to spread disease. 

Respiratory pathogens are believed to be spread 
by two mechanisms: (1) directly between tsvo per- 
sons by physical contact or by droplets passing 
through the air for short distances, (2) indirectly 
by droplet nuclei, dust, and fomiles. Recent studies 
have shown, however, that group A streptococci 


naturally deposited in dust and on blankets will not 
produce respiratory infections in man. The evi- 
dence implicates the direct mode of transfer as 
primarily responsible for dissemination of such 
infections. 

The spread of streptococci in any population 
group must also be related to the degree of ex- 
posure. Thus, during the winter months when peo- 
ple arc confined to enclosed areas and under 
crowded conditions, dissemination of bacteria is 
especially likely to ocair. 

Outbreaks of streptococcal infection occasionally 
ocair following the contamination of food. Such 
outbreaks are dramatic in that a large number of 
persons are allccted almost simultaneously. For- 
merly this type of infection was termed septic sore 
throat; aside from the fact that Uie infection is 
caused by a single type of streptococcus, it ^a^les 
clinically in no way from other streptococcal epi- 
demics. 

Clinical studies have demonstrated that reinfec- 
tion may occur by a second tj^ie of group A strep- 
tococcus in a patient recovering from streptococcal 
pharyngitis and tonsillitis. 

Primar)' infection of the upper respiratory tract 
is undoubtedly the most common form of strepto- 
coccal infection in man. It is doubtful w’hcthcr any- 
one in the United Slates escapes one or more of 
these Infections. The disease occurs especially in 
individuals between Ute ages of one and hventy 
years, but it may develop at any age. It is espe- 
cially preolent in the Temperate Zones during 
the winter and early spring seasons. In most areas 
the disease is endemic. Epidemics are usually due 
to one or, at the most, several types of group A 
streptococci, whereas many different ^pes are re- 
sponsible for c.ises of pharyngitis and tonsillitis 
occurring sporadically. 

TonstUiiis and pharyngitis due to the beta strep- 
tococcus are characterized by an acute sore tliroat 
which may or may not be accompanied by a cu- 
taneous rash. If a rash is observed, a diagnosis of 
scarlet fever is made. The occurrence of a rash is 
rcl.ited to antitoxic immunity, which may be meas- 
urctl by the Dick lest 

Studies of the Dick reaction in various popula- 
tion groups have sho\vn that at birth and up to 
three months of age the test is usually neg.alhe. 
By the age of one to two years, 85 per cent of the 
reactions are positive. There is a rapid decline in 
the positive reactors to a les’el of approximately 
IS per cent at the age of ten. During the rest of 
life the dechne is gradual. These results would 
indicate that children under the age of ten are 
most susceptible to scarlet fever, and tliis is the age 
period when most scarlet fever ocairs. Following 
an attack of scarlet fever, the Dick reaction usually 
becomes negative. 
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The incidence of scarlet fever has not changed 
significantly in the past 30 years, but there has been 
a spectacular decline in mortality. Top reports a 
fatality rate in Detroit of 2.7 in 1920, 1.3 in 1930, 
and 0.3 in 1940. The reason for the apparent de- 
creasing severity of scarlet fever is not entirely 
clear. 

Infections of the paranasal sinuses and middle 
car often develop following infection of the tonsils 
or pharynx. Not only may tliey occur as a compli- 
cation of streptococcal sore throat, but they arc 
also commonly seen following measles, influenza, 
pertussis, and other respiratory infections. 

Sacterial pneumonia caused by aerobic strepto- 
cocci accounts for less than 5 per cent of all eases 
of pneumonia. Tlie disease is almost invariably 
caused by group A streptococci and may arise sec- 
ondarily to an infection of the tipper respiratory 
tract. Epidemics have been observed following in- 
fluenza and measles. It also is likely to occur in 
those individuals with chronic lung disease, includ- 
ing asthma and bronchiectasis. Streptococcal empy- 
ema, a complication of pneumonia in most instances, 
is observed most frequently in patients under (hir^ 
years of age. 

Formerly it was thought that erysipelas %va$ 
caused by a specific strain of beta-hcmolytic strep- 
tococcus, but it is now known that group A, C, or 
G streptococci may be isolated from tlic skin lesions. 
Croup A organisms are responsible for the majority 
of infections, and the organisms may belong to 
any of the various types In this group. Although 
there ore examples of several people having con- 
tracted erysipelas following contact with a case, 
in most instances it has been impossible to trace 
the infection to such contact. Erysipelas tends to 
occur in die older age groups, especially in those 
individuals with chronic disabling diseases. Im- 
m\inity does not develop; in fact, individuals who 
ha\e suffered from one attack are more susceptible 
than the normal population In some of the recur- 
rences, however, the organisms cannot be isolated 
from the skin lesions but may be found in the oro- 
phar)Tix. It IS suggested that in such instances the 
disease is due to absorption of some toxic product 
of the streptococcus which, in turn, causes the 
local inflammatory lesion in the skin that is altered 
in its reactivity. 

Wounds may be infected by contamination at the 
time of dressing by droplets from either the patient 
or the attending physician. Another possible source 
of infection is dust. Lymphangitis may arise from a 
minute abrasion. 

Numerous studies have indicated that either 
aerobic or anaerobic streptococci cause puerperal 
'sepsis. Approximately 70 per cent of fatal cases are 
3\ic to beta-hemolytic streptococci Most of the 
.-iiiftctioiis are caused by group A, although an oc- 


casional case is due to streptococci befonging to 
group B, C, D, or G. Since the group A strepto- 
coccus Is rarely isokitcd from the genital tract either 
before or after labor, it is assumed that infection 
is extrinsic. Careful study of the patient and all 
persons coming in contact with her has shown that 
similar types of group A streptococci can be iso- 
bted from 75 per cent of cultures obtained from 
the oropharynx of such a patient or those attending 
her. It appears from these studies that infection is 
usually contracted from an outside source and occa- 
sionally from the respiratory tract of the patient 
herself. 

rafhogenetis 

Streptococci gain entrance to the body primarily 
through the upper respiratory tract. Tlie organisms, 
lodging on the mucous membranes or on other tis- 
sues, probably remain viable for relatively short 
periods unless they actually mvade the tissues In 
the nose and throat there is ample opportunity 
for invasion. The organisms usually gain entrance 
through the lymphoid tissues of the throat, espe- 
cially the tonsils, whose crypts apparently offer an 
ideal locus. Occasionally the primary infection may 
be in the parana$.il sinuses. 

The factors which determine whether on In- 
fection follows exposure to the organism are mul- 
tiple. Tlie dosage or number of streptococci is ap- 
parently a decisive factor. Infection usually results 
when Uiere is exposure to large numbers of group 
A streptococci, os occurs in food-bomo outbreaks. 
Under natural conditions of spread, the number of 
organisms acquired is dependent in part on the 
duration and intimacy of exposure to the organism. 

The second factor in relation to the organism is 
virulence. In general, little is known concerning this 
important feature. Streptococci of groups other than 
A may be considered relatively avirulent when im- 
planted in the lymphoid tissues of tho throat Tlie 
virulence of the group A organism m.ay be related 
to their M antigenic component ^\fflclhcr there is 
variation in the vinilencc of the group A strepto- 
cocci according to the specific type is not dcGnitcIy 
known, nor is there much evidence that rapid pas- 
sage of a given 1)710 from man to man increases the 
virulence of the organisms, although this is a com- 
mon belief. 

Perhaps as important as the organism itself is the 
SHSceptihihty of the host It is stated that a recent 
or simultaneous infection with one of the common 
respiratory viruses renders the host more susceptible 
to bacterial invasion. Experience during the First 
World War would seem to indicate that influenza 
does indeed make one more susceptible to bacterial 
infections. Mflictbcr the common cold or acute re- 
spiratory disease acts In a similar fashion is nut 
Imown. 
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Whether the group A streptococcus gains a foot- 
hold in the tissues is also governed by the immune 
status of the host. The presence of tj’pe-specific 
antibodies undoubtedly protects the individual 
against infection. 

When the bacteria begin to multiply in the in- 
fected tissues, they produce certain toxic substances 
which account for the clinical manifestations of 
disease. For example, some of the constitutional 
symptoms observed in patients with scarlet fever 
are believed to be due to the erythrogenic toxin 
Usually the mucous membrane is denuded and 
covered by a thin yellow, white, or gray exudate. 
Edema and hyperemia of the lymphoid tissues are 
present. The lymphatics are dilated. The regional 
cervical lymph nodes are enlarged. 

The organisms may invade the blood stream if 
the local defense mechanism is not functioning ade- 
quately and cause either metastatic infections, such 
as meningitis, brain abscess, and endocarditis, or a 
generalized infection, which without treatment al- 
most invariably results in death. Mallory and Keefer 
have studied the cellular changes in such patients 
as well as the disease process in patients dying 
during the acute phase of streptococcal infections 
without bacteremia. In fulminating streptococcal 
infections the streptococci may be seen in blood 
vessels throughout the body, as well as in the endo- 
thelial cells of the endocardium and in the perivas- 
cular areas. There is little cellular reaction around 
the organisms, but their distribution is similar to 
the distribution of those lesions observed in pa- 
tients dying several days after onset of the infec- 
tion. In the latter cases, foci of lymphocytes, 
plasma cells, and histiocytes are commonly found 
in the heart, especially just under the surface 
endothelium and endocardium. Such collections oc- 
cur also in the perivascular connective tissues, myo- 
cardium, and pericardium. Occasionally some of 
the foci show polymorphonuclear leukocytes In 
the kidneys, interstitial nephritis is observed, with 
focal areas of round-cell infiltration in the tissue 
surrounding the tubules, ^meruli, and blood ves- 
sels. Similar lesions may be observed in other or- 
gans, including the lung, portal areas of the liver, 
and pancreas. 

Most streptococcal infections are of short dura- 
tion, the acute phase ending within 5 to 7 days. 
The exact mechamsm for recovery at this time has 
not been defined, but, as in other bacterial infeo- 
tions, it is assumed that antibodies develop which 
aid in the destruction of the organism. Perhaps the 
most important of these are the antibacterial sub- 
stances. Techniques for measuring these antibodies 
are difficult, but it is apparent that following in- 
fection there is an increase in the bactericidal 
power of whole blood. Such bactericidal action is 
type-specific; the patient is protected only against 


the infecting type of group A streptococci and not 
against other types of this group of organisms. 
Such antibacterial immunity may persist for j'eors. 

Acute Tonsillitis, Phartjngilis, and Scarlet Fever 

The tenninology used to classify streptococcal 
infections of the upper respiratory tract has been 
ill use for many years and was introduced prior to 
the time that it was realized that scarlet fever, sep- 
tic sore throat, acute tonslUitis, and pharyngitis 
with or without exudate were all caused b)’ any of 
the numerous types of group A streptococci In 
these diseases tlie organism establishes itself in the 
lymphoid tissue; streptococcal Itjmphoidiiis might 
well be substituted for the above names. As far as 
is known, the course of the illness, complications, 
•md sequelae are similar in scarlet fever, septic sore 
throat, and streptococcal tonsillitis. 

Symptoms. The incubation period varies from 
1 to 10 days but is usually 3 to 5 days. The illness 
begins abruptly in most cases with symptoms of 
feverishness, chilliness, headache, and sore throat 
Nausea and vomiting are especially common in 
children. A few patients complain of diarrhea. 
Within a period of 24 to 48 hr the disease reaches 
its maximum intensity. Chilliness is a constant 
symptom, but true rigors are rarely observed. Ap- 
proximately 75 per cent or more of the patients 
complain of such constitutional symptoms as head- 
ache, malaise, and loss of appetite. 

The symptom which is very annoying and almost 
constantly present within 24 hr of onset is sore 
throat. The soreness is aggravated by swallowing 
and may be referred to the neck, so that even turn- 
ing of the head is accompanied by pain. Nasal ob- 
struction and discharge are minor complaints but 
occur in 60 per cent of patients. About half the 
patients develop very mild symptoms referable to 
the lower respiratory tract, including cougli and 
hoarseness. The cough is not productive and is 
rarely associated with chest pain. Loss of voice due 
to laryngitis does not occur. Earache is common 
and may last a few hours to several days. Occa- 
sionally, epistaxis is observed. 

During the period of maximum temperature 
there may be a diffuse blush of the skin. In some 
cases it becomes more pronounced, and a diagnosis 
of scarlet fever is made. The rash may appear 1 to 
5 days after onset of illness and is first noticed over 
the neck and upper chest. It spreads rapidly to 
include the skin over the abdomen and upper and 
lower extremities. The face appears flushed, and a 
circumonti pallor is prominent in many cases. Itch- 
ing occasionally occurs but is rarely se^'ere. 

Physical Signs. The degree of prostration varies, 
but the majori^ of patients appear mildly or mod- 
erately ill. The temperature is usu-illy elevated to 
102 to 104®F; occasionally it may be as lugh as 
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100®F. A few patients ha\e no fever. In children attain such size tliat the head is throwTi back, 
tlie pulse rate is bchvecn 140 and 160, in adults Marked adenopathy is frctjuently followed by sup- 
between 120 and 140 per minute. Usually the puratioo. 

respirations are not greatly increased. In those patients w’ith scarlet jccer tlie signs 

Various degrees of diffuse redness of the mucous include both an enanthem and an exanthem. The 
membranes of the posterior pharynx, faucial tonsils, appearance of tlie throat is similar to that seen in 
and soft palate are invariably present. The uvuLi is tonsillitis and pharyngitis without rash, except that 
frequently edematous, as arc the tonsils and phar- diffuse redness is more intense and has been de- 
jTix but to a lesser degree. Lymphoid hyperplasia scribed as "boiled-lobster” red. There may be punc- 
and edema, which gives the posterior pharynx a tate redness of the soft and hard palate. The buccal 
cobblestone appearance, are present. Characterls- mucous membranes appear red and swollen, as do 
tic-uily tlicrc is ^’screte to confluent exudate on the the h'ps. About the second to fifth day, small, mlife- 
tonsds, and variable numbers of pinbead-size areas white patches may bo seen on tlie buccal mucous 
of exudate appear on the pharynx. In sev-erely ill membranes. They represent desquamation of the 
patients the latter are seldom seen, because nasal epithelium and are easily peeled off. 
secretions cover tlie posterior wall. The exudate is Early in the course of the infection the tongue 
often yellow, sometimes gray or white, and is rcla- is heavily coated and grayish. Soon the tip and 
lively easily removed by swabbing. In about 20 per edges become an angry red. Fungiform p.apillae 
cent of adults, and more frequently in infants, exu- become swollen and emerge through the gray siir- 
dalive lesions on the mucous membranes do not face of the tongue. By the fourth to fifth day there 
develop. Occasionally, and especially if sinusitis is complete lingual desquamation which leaves 
and rhinitis are coexistent, there is a thick mu- multiple papillary elevations, the so-called “straw- 
copimilcnl nasal discharge which may be tinged berry tongue.” 

with blood. In cliildren the nares may be c-xcori- The color of the exanthem varies and has been 
ated. The cervical lymph nodes arc swollen and desenbed as scarlet, bright red, rosc<olorcd, or 
frequently tender. The lymph nodes Just below the dull, dusky red. At a distance there appears to be 
angle of the jaw arc tlie first to enlarge; rarely they a uniform blush, but upon close inspection Innu- 
merable small reddish points are seen. Because of 
pin-point elevations at the site of the hair follicles, 
the skm may feel Lke sandpaper. Tliis sign is of 
special importance in races where the skin is heav- 
ily pigmented. VVlien the eniption is intense, there 
may 1 m many small miliary vesicles over the chest 
and abdomen. The face may be free of rash, but 
ordinarily the temples and cheeks are deep red, 
leaving an area of pallor around the mouth and 
nose. The rash is due to hyperemia, and pressure 
causes it to fade. In some areas there may be punc- 
tate bemoirhages which do not fade; these are 
commonly seen in the creases at the elbow flexure 
(PastiVs sipi), groin, and axillary folds. 

Course of Illness (Fig 114-1). The majority of 
upper respiratory illnesses caused by group A 
streptococci are self-limited. In adults the tempera- 
ture usually returns to normal by the third to fourth 
day, whereas in children fever may persist for 5 
to 9 days. The temperature curve is not character- 
istic, altliough there is usually a slight morning re- 
mission. In patients with scarlet fever the tempera- 
ture remains elevated until the rash has reached 
its maximum intensity. Fever may last for several 
weeks, but in such instances It is well to search 
for some suppurative complications. The constitu- 
tional sj-mptoms, as well as the localizing s>mptom 
of sore throat, usually disappear shortly after the 
Tic. 114-1. Tlie natural course of group A streptococcal fever subsides. 

'tonsillitis. Tlie edema, redness, and exudate disappear rap- 
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idly, and except for a few small isolated spots of 
exudate and a slight degree of redness, the throat 
appears essentially normal shortly after the fewr 
subsides. The lymphoid tissues of the posterior 
pharynx as well as the tonsils decrease in size and 
by the third to sixth week appear to be normal. 
The lymph nodes may not return to normal size for 
6 weeks. 

When rash does occur, it usually makes its ap- 
pearance on the second day, reaches its maximum 
intensity shortly thereafter, and then begins to 
fade. iTie exfoliation of the epithelium begins 
during the decline of the eruption and is seen first 
in those areas where the rash originally appeared. 
By the sixth to seventh day it is more or less gen- 
eralized. On the hands and feet the skin sheds in 
flakes, or, more rarely, an entire cast of the hand 
or foot may be obserx’ed. The skin in these areas 
becomes d^, hard, and wrinkled. The most t}'ptcal 
form of desquamation is seen beneath the free edge 
of the fingernails. A fissure appears under the edge 
of the nail and then xvidens, revealing the soft, 
pinkish underlpng skin. 

Before the introduction of specific chemothera- 
peutic agents, the mortality rate was in the neigh- 
borhood of 3 per cent; It is now less than 0.5 per 
cent. This may be because of treatment or because 
few severe forms of scarlet fever are seen today. 
Streptococcal infections are likely to be fatal m the 
extremes of life and in those individuals with so- 
vete suppurative complications. 

Laboratory Findings. In 80 per cent of patients 
the total leukocyte count is increased. During the 
first 2 days of disease the average count is 14,000. 
and as the illness progresses, it returns to normal 
values. If the number of leukocytes remains ele- 
vated after 1 week, evidence of a complication 
may be found. During the first 2 days of illness 
eosinophils are rarely seen, but convalescence is 
characterized by an increase of these cells. Patients 
with scarlet fever are especially likely to «h«bit 
an elevation of eosinophils. Not infrequently a 
trace of albumin may be found in the urine during 
the acute phase of the illness. Rarely, such speci- 
mens show a few red cells or casts. Proteinuria 
occurring during the first 5 days of illness is tran- 
sient and is not attended by serious sequelae. 

Cultures made on blood agar plates from a swab 
rubbed over the tonsils and oropharynx usually 
show a predominant growth of beta-hemolytic 
streptococci. Occasionally only a few colonics are 
observed. Rarely, no streptococci are isolated. In 
the latter instance, repealed cultures should be ob- 
tained. Tlie convalescent carrier state may continue 
for sexeral months. 

Diagnosis. Important features in the diagnosis of 
streptococcal pharyngitis and tonsillitis arc the his- 


ciiAr. 114 907 

lory of an acute onset of soreness on swallowng, 
associated with feverishness and other constitu- 
tional sjTnptoms. The physical signs of diS^usc red- 
ness and edema of the mucous membranes of the 
oropharynx, tonsils, and soft palate, the presence 
of discrete to confluent exudate, and enlargement 
and tenderness of the lymph nodes at the angle of 
the jaw are especially helpful. These findings, to- 
gether with a leukocyte count of at least 12,000, 
suggest a streptococcal infection. If the culture of 
the local lesion show's a predominant growth of 
beta streptococci, the diagnosis is almost certain!)' 
established. ^Vhen only a few colonies grow on the 
blood agar plate, it is impossible to be sure whether 
the patient is a carrier or actually has an infection 
due to the streptococcus. In such cases it is of con- 
siderable help to obtain acute and convalescent 
blood specimens for determination of the antistrep- 
tolysin tiler. 

When a rash is associated xvith the above clinical 
and laboratory findings, the diagnosis is scarlet 
fever. Confirmation is obtained if later the skin 
desquamates. Occasionally, however, the diagnosis 
is doubtful, and in such cases the SchuUz-Charl- 
ton test may be of considerable aid. In this test 0.1 
ml scarlet fever antitoxin or 0.2 to 0.5 ml scarlet 
fever convalescent serum is injected subcutane- 
ously into the area of the skin where the hea'’iest 
rash appears. If the rash is due to the crythrogenic 
toxin, bhoebing is obsen-ed within 2 to 8 hr. The 
test should be employed soon after the eruption 
appears, because blanching may not occur after 
the second day of rash. The Dick test may also be 
of some use in establishing the diagnosis; early m 
the disease it is positive, whereas during convales- 
cence it usually becomes negative. 

Differential Diagnosis of Sore Throat. Nonboc- 
terial exudative tonsillitis and pharyngitis must be 
differentiated from streptococcal infections of the 
oropharynx (see p. 1118). The agents responsible 
for these infections have not been completely de- 
fined, but it Is known that some of the adenoviruses 
will produce respirator^' infections associated with 
e.Tudative lesions, and in some outbreaks there is in- 
volvement of the conjunctiva. In general the onset 
of illness is not rapid, soreness of the throat is 
seldom marked, and constitutional s}Tnptoms arc 
mild. Hoarseness and cough are likely to ocair 
several days after the onset. The exudate is rarcl)' 
conSuent. Diffuse redness and edema of all the 
mucous membranes are rare. The lymph nodes may 
be slightly enlarged, but they are not remarkably 
tender. 

The leukocyte count is usually normal, although 
in a few cases it may be slightly elevated. Cultures 
of the throat fail to show beta-hcmol)'tic strqito- 
cocci. Occasionally a fc\v streptococci are rccov- 
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ered, but these organisms usually belong to grotqn 
other than A and ocCTir only in small numbers. 

Infeciioits mononucleosis is most freqvientJy ob- 
served in young adults and, because of the local 
reaction in the throat, is likely to be confused with 
streptococcal pharyngitis (see p. 1248). Tlie onset 
may be insidious, and malaise is prominent. Sore 
throat with evudalive lesions of the tonsils Is ob- 
served in over half the cases. The exudate Is usu- 
ally white and pasty and persists for 1 to 3 weeks. 
The temperature tends to be very irregular, and 
fever continues for a longer period than is usual in 
streptococcal infections. Lymph node enlargement 
IS more generalized, but suppuration is not ob- 
served. 'Hie spleen may be palpable. In 10 to 15 
per cent of cases a fleeting skin rash occurs which 
may be identical with that seen in scarlet fever. 
In such cases a negati^e Schultz-Charlton test may 
be helplti. The blood changes are characteristic, 
and a positive heterophil anbbody test is usually 
obtained. 

Vincent's angina is not easily confused with 
streptococcal Infections The disease is character- 
ized by insidious onset without constitutional 
sj'mptoms Fever is rare. The area surrounding the 
exudate shows little inflammatory reaction, and 
only one tonsil is involved. Cervical adcnopatliy is 
usuaUy unilateral. 

In contrast to streptococcal pharyngitis, the 
onset of diphlheria is rarely sudden and the symp- 
toms are not severe (sec p 982). Sore throat is not 
a constant feature of the disease. The exudate is 
smooth and cream-colored and appears to be in- 
corporated in the mucous membranes, The mem- 
brane is removed with difficulty, leaving a bleeding 
bed. Cutaneous rashes are absent. Cultures show 
CoTijnebacterium diphtheriae. 

In patients with a rash, the disease must be 
differenbatcd from German measles and measles. 
In German measles the posterior cervical lymph 
node enlargement is helpful, as well as the fact 
that the rash tends to be macular and dbcretc. The 
tongue never peels, and a leukopenia is charac- 
fcnstic. In measles there are prodromal respiratory 
symptoms, and the maculopapular rash occurs 
chiefly on the face and neck. Tliere is no blanching 
of the skin following a Schultz-Charlton test. The 
presence of Koplik’s spots aids in establishing the 
di.ignosis. 

Streptococcal infections without exudate or a 
cutaneous rash must be differentiated from influ- 
enza virus infections and common respiratory dis- 
eases In general, such differentiations cannot be 
, made on cbnical evidence alone, so that the leuko- 
count, culture studies, and serologic tests must 
.■fl be employed. 

Primaiy hcqycs simplex phanjngitls (see p. 1171) 
and herjiangina (see p. 1173) are characterized hy 


vesicles which rupture and produce small ulcers 
covered with exudate. Herpetic lesions are scat- 
tered over all mucous membranes of the mouth, 
qnd the kissing ulcer vmder the tip of the tongue 
is typical. The ulcers of herpangina, caused by 
Coxsackic A viruses, are observed on the anterior 
pillars and the soft palate. In both diseases the 
leukocyte count is usually normal. 

Sinustiis, Otitis Media, Mastoiditis, 
and Peritonsillar Abscess 

Infection of the paranasal sinuses probably oc- 
curs to a minor degree in all patients with strepto- 
coccal respiratoty infections. Sinusitis and otitis 
media presenting overt clinical signs develop in 
approximately 3 per cent of patients whose tonsils 
and adenoids arc intact. Mastoiditis is observed in 
less than 1 per cent of patients. Peritonsillar celluh^ 
lis is observed in S.5 per cent of patients wifb ton- 
sils, hut it rarely occurs in those whose tonsils have 
been removed or in those patients who receive 
proper therapy with antibiotics. The diagnosis and 
management of these suppurative complications 
are described on p. 1031. 

Pneumonia and Empijema 

The natural course of pneumonia caused by 
Lancefield group A streptococci is extremely varia- 
ble, probably because in many instances it* is 
secondary to such infections as influenza, tonsillitis, 
measles, and ciy'sipelas. It may be associated witli 
pneumococcal infection of the lung or may arise as 
a metastatic complication of streptococcal bactere- 
mia. Although it is not a common complication of 
streptococcal sore throat, about 23 per cent of 
pneumonia cases follow this infeeb'on. Characteris- 
tically, tills organism produces an interstitial or 
confluent pneumonia. The reported mortality rate 
varies from 15 to 60 per cent. 

The onset of pneumonia may be abrupt, with 
sucli constitutional symptoms as chills, feverish- 
ness, anorexia, and vomiting. Symptoms include 
cough, expectoration of purulent sputum, and chest 
pain. The pulse and respiratory rates are increased, 
and cyanosis may be prominent. The temperature 
tends to be high (104®F) and septic in type. Ex- 
amination reveals local signs of pneumonia, wath 
scattered fine mlcs and occasional areas of dullness. 
Frank signs of lobar consolidation are rare. 

The leukocyte count is almost invariably ele- 
vated to 20,000 to 30,000, and the sputum is found 
to contain large numbers of group A organisms. 
Usually the blood cultures are sterile; when bac- 
teremia occurs, the prognosis is poor. 

The untreated disease runs a variable course. In 
most instances recovery is delayed for several 
weeks, and lung abscess and bronchiectasis are not 
uncommon complications. In fatal cases mediasti- 
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nilb and pericarditis may occur. The most frequent 
complication is empyema, which occurs in 20 per 
cent of the cases. 

Streptococcal cmpijcma is usually secondary' to 
pneumonia caused by' the same organism, but 
occasionally it arises following other infections of 
the lung, infarcts, or lung tumors. It is most lihely 
to ocair under the age of thirty years, and the 
mortality rate in untreated cases is high. Early in 
the disease the pleural fluid may be hemorrhagic. 
It becomes thick and purulent s!o^vly, in contrast 
to the exudate seen in pneumococcal empyema. 

rericardilis, Arlhrilh, Peritomlh, and Meningitis 

Streptococcal infections of the various body cavi- 
ties result from bacteremia or from extension from 
a local lesion. Pericarditii, a rare complication, is 
especially likely to occur during the course of 
pneumonia or empyema. The diagnosis is diiBcult, 
since the symptoms arising from pericarditis are 
overshadowed bj’ the primary disease. The first 
sign may be a sudden increase in pulse rate and the 
development of an audible pericardi.il friction rub. 
Roentgenograms arc of great aid in establishing the 
diagnosis. Once tlie diagnosis is suspected, aspira- 
tion and culture of the fluid arc indicated. 

Suppuraficc arthritis is secondary to bacteremia 
or to extension of a local cellulitis. It is a rare com- 
plication of streptococcal sore throat. Pain Is tlie 
most common symptom, and usually only one joint 
is involved. •The pain is first noticed on motion, but 
within a short period redness, swelling, and tender- 
ness develop and the pain becomes intense. Aspira- 
tion reveals a fluid containing polymorphonudear 
leukoc)1es and streptococci. Nonsuppurative arthri- 
tis is seen in patients with scarlet fever during the 
first week of illness. 

Infection of the peritoneum with the hemolytic 
streptococcus is rare but is especially apt to be 
associated with such local infections as erysipelas 
and scarlet fever. In these cases the organism 
belongs to Lancefield group A. Symptoms develop 
rapidly, and in addition to fever and other con- 
stitutional symptoms, prostration, abdominal pain, 
and vomiting are prominent. The pulse is rapid and 
weak. The abdomen is distended, tender, and rigid 
to palpation. 

Streptococcal meningitis is usually caused by 
group A organisms, but occasionally members of 
other groups may be isolated from the spinal fluid. 
In most instances the meningitis arises by extension 
and invasion of the blood stream from an otitis 
media, mastoiditis, or petrositis, which are espe- 
cially likely to develop following infection of the 
respiratory tract and are most frequently seen in 
the young age groups. Prior to the introduction of 
specific therapy these infections were always fatal. 
The symptoms of streptococcal meningitis are not 


CHAP. 114 909 

distinguishable from other types of bacterial men- 
ingitis. It should be emphasized that all patients, 
especially infants, W'ith infections of the middle ear 
should be watched for signs of meningeal irritation. 
Once such signs develop, lumbar puncture and ail- 
ture of the spinal fluid establish the diagnosis. 

Wound and Skin Infections, Lymphangitis, 
Puerperal Feccr, and Erysipelas 

As indicated earlier, tcotind and skin infections 
are usually the result of contamination. Children 
with chickenpox, impetigo, and other skin lesions 
may become infected with group A and C strepto- 
cocci. 

Hemolytic streptococci are responsible for the 
majority of cases of the familiar form of lymphan- 
gitis. Tlie disease is characterized by the rapid 
development of one or more fine red streaks ex- 
tending upward from the hand or foot. Usually 
the process continues up to the axilla or groin, and 
the l)'mph nodes in these areas become enlarged 
and tender. Associated with the spread of the in- 
fection in the lymphatics, such symptoms as rigor, 
fever, malaise, headache, and vomiting occur. Oc- 
casionally the blood stream is invaded The original 
site of infection in these cases of lymphangitis may 
be unapparcnl. Although these Infections may be 
serious, the course of the illness is usually short 
and suppuration seldom occurs along the course 
of the lymphatics or in the regional lymph nodes 

Puerperal infections caused by hemoMic strep- 
tococci are always serious FollovWng abortion or 
delivery, the streptococci invade the endometrium 
and lyinphalics The infection may spread to die 
surrounding structures, producing cellulitis, phle- 
bitis, abscess, peritonitis, or bacteremia. The pa- 
tient develops a high, irregular fever associated 
with rigors. The pulse is rapid. The diagnosis Is 
based on local signs of infection as well as on such 
laboratory findings as leukocytosis and isolation of 
streptococci from the blood stream or from the 
cervical discharge. 

Crysifwias is an acute streptococcal infection of 
the skin and, to a lesser extent, of the mucous 
membranes. The onset is usually abrupt, beginning 
after an incubation period of approximately 1 to 4 
days In some patients a history of preceding respir- 
atory infection is obtained. The initial symptoms 
include chilliness, feverishness, headache, malaise, 
anorexia, and vomiting. The first symptom may be 
a true rigor. At the onset the local cutaneous lesion 
may not be apparent, although there may be slight 
redness in those instances where it arises in con- 
junction with an abrasion of the skin. The skin may 
itch and feel sore around the point of entry of the 
organisms. Within a few hours, and usually by 
24 hr, the cutaneous lesion becomes obvious. 

Tlte skin of the face is most commonly involved 
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but any area of the body may be infected. The 
point of entry around the face may be just anterior 
to the ear, at the inner cantlius of the eye, around 
the lips and nose, or over the clieeks. From these 
points the lesion spreads rapidly, reaching its masd* 
mum extent within 3 to 6 days. On the face, eiy- 
sipelas frequently involves the butterfly area, i.e , 
ibe cheeks and nose. The lesion consists of an 
advancing border %vhich is raised from the sur- 
rounding normal skin and may be purple. Within 
this border the skin is tense and usu^y a dark, 
dull red. If the infection occurs in areas where 
the skin is las, such as around tlie eyes, edema is 
pronounced. The eyelids frequently become so 
swollen that they cannot be opened. Blebs or even 
necrotic areas may appear as the disease pro- 
gresses. 

At the height of the infection the temperature 
is usually high (104 to 105®F), although occasion- 
ally the febrile response is slight. The blood stream 
is not uncommonly invaded during this period. The 
disease lasts for a variable length of time, but in 
most instances recovery is apparent by the sixth 
to seventh day. The local lesion begins to fade in 
the center and Is usually accompanied by some 
desquamation and pigmentation. No scarring re- 
sults unless abscesses develop. 

Before the introduction of chemotherapy, the 
fatality rate was about 15 per cent. During the 
first 8 months of life approximately 65 per cent 
succumb, whereas in children and young adults 
the death rate is Jovv. In patients with fatal infec- 
tions the lesion is likely to involve the trunk, and, 
m addition, the blood stream is invaded. 

Bacteremia 

Strepococci are a common cause of bacteremia, 
but in uncomplicated tonsOhlis and pharyngitis the 
organisms rarely invade the blood stream. Bactere- 
mia occurring under the age of twenty usually is 
secondary to otitis media, mastoiditis, or throm- 
bosis of the lateral or cavernous sinuses Jn the 
adult, invasion of the blood stream is especially 
likely to occur in women with puerperal infections, 
whereas after the age of forty bacteremia is usually 
secondary to cellulitis and erysipelas. Metastatic 
abscesses develop infrequently during the rxniise 
of bacteremia. 

The diagnosis of bacteremia is difficult and can 
be made only by culhir/ng the organisms from the 
blood The sudden development of chills and high 
fever, either irregular or continuous, suggests Gi- 
vasion of the blood stream. Severe headache, nau- 
-^sea, vomiting, and delirium are common syroploms. 
''Jn streptococcal bacteremia there may be arthritis, 
,3 .^'gns of pneumonia, petechiae, or skin eruptions. 
Jn fulminating cases anemia develops rapidiy and 


jaundice may occur. Without specific therapy the 
mortality rate is 70 per cent. 

Pyelonephritis 

Infections of the kidney and urinary passages 
wiD be discussed in more detail in Chap. 258. 
Here it should be emphasized that streptococci 
usually belonging to group D may be isolated from 
the urine of patients with infection of the urinary 
tract. \Vhen the organisms are present in large 
numbers, there is usually dysuria, frequency, flank 
pain, fever, and pjuria. 

Trefltmenf 

There are now several agents which may be 
employed tn the therapy of aerobic streptococcal 
infecUons. The sulfonamides have been widely em- 
ployed. These compounds e.xt‘rt a bacteriostatic 
effect against all Lanccfield groups except D. How- 
ever, thei« are strains of group A streptococci that 
have acquired resistance. Most antibiotic com- 
pounds exhibit a more marked effect than the 
sulfonamides, but penicillin displays the imiximal 
antistreptococcal activity. Penicillin actually kills 
group A org-misms, and if it is administered hr at 
least 10 days, all streptococci are eliminated In 
most instances. Therapeutic measures which do not 
result in the eradication of the infecting organism 
do not alter the attack rate of rheumatic fever. 

The administration of penicillin or other anti< 
biotics within 24 hr of the onset of streptococcal 
respiratory infections results in a definite favorable 
effect on the symptoms and signs associated vvith 
the acute illness. WTien therapy is instituted after 
48 hr a favorable effect is difficult to demonstrate, 
but suppurative complications, including sinusitis, 
otitis media, and peritonsillar cellulitis are still pre- 
vented. The time that treatment is started is not 
dedsive in the reduction of rheumatic fever; how- 
ever, early therapy may be important in the pre- 
vention of nephritis. 

In the average case of streptococcal infection, 
whether scarlet fever, tonsiUitis, or erysipelas, suffi- 
cient concentration of antibiotic can be maintained 
most readily by a single injection of 600,000 to 
900,000 tmils of benzathine penicillin. In patients 
who exhibit rheumatic heart disease and who de- 
velop a streptococcal infection, it may be advisable 
to administer 600.000 units of procaine penicillin 
twice daily for 2 weeks. 

Oral therapy may by prescribed, but it should 
be emphasized that many patients discontinue the 
medication when the acute phase symptoms sub- 
side. Under these circumstances the organism fre- 
quently invades the tissues again, and a clinical 
relapse occurs. More important, the attack rate of 
the nonsuppurative complications is not altered. AH 
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forms of oral medication must be taken in full 
doses for at least 10 days and preferably for 2 
weeks. Oral preparations of penicillin are given in 
doses of 250,000 units four times daily. If the pa- 
tient is sensitive to penicillin, then erjlhromyein in 
doses of 0 2 Gm is administered every 6 hr. Tetra- 
cycline is given every 4 hr in a dose of 0.25 Gm. 

The sulfonamides should never be employed in 
the treatment of streptococcal infections since th^ 
fail to eliminate the infecting organism and do 
not alter the subsequent attack rate of rheumatic 
fever. Application of penicillin or other drugs by 
means of troches or sprays has little effect on the 
local inflammatory lesion or on the infecting organ- 
ism. 

Penicillin appears to exert a definite effect on the 
incidence of suppurative complications of tonsillitis 
and pharyngitis. Complications such as mastoiditis 
are rare during this form of therapy. Infections of 
the mastoid and paranasal sinuses should likewise 
be treated by the parenteral administration of peni- 
cillin. Streptococcal pneumonia should be treated 
with somewhat larger amounts of penicillin; a dose 
of 100,000 units every 3 hr is suggested. Similar 
amounts administered every 2 hr should be giwn 
to patients with puerperal sepsis and bacteremia. 
Empyema, purulent pericarditis, and arthritis are 
best treated by local instillation of 10,000 to 
50,000 units of penicillin every 48 to 72 hr until 
cultures are sterile. In addition, full doses of paren- 
teral penicillin should be administered. In these 
infections early treatment is required if surgical 
drainage is to be avoided. 

General measures for the supportive and symp- 
tomatic therapy of infections should be employed. 
The use of saline gargles and irrigations of the 
tliroat may be effective in the relief of the angina 
associated with tonsillitis. The use of cold applica- 
tions to eiysipelas or to tender and enlarged cervi- 
cal lymph nodes frequently affords symptomatic 
relief. 

Prevention 

It may be stated that there is no completely ade- 
quate method for the prevention of streptococcal 
infections. A number of procedures will limit the 
spread of the organism to some extent. Tlie prob- 
lem is exceedingly complicated because group A 
streptococci occur in the upper respiratory tract of 
many individuals. 

In the past it has been customary to isolate all 
patients with scarlet fever, but today such pro- 
cedures seem unwarranted, for no precautions are 
taken for sore throat without a rash caused ly the 
same b.actcrium. Any patient with a streptococcal 
inf«tion of the upper rcspiratoiy tract may be n 
source of infection. During the acute stage of all 
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sucdi illnesses the patient should be advised against 
intimate contact with others. 

Approximately 90 per cent of patients with 
streptococcal infections continue to cany the or- 
ganism in the pharynx 3 months after the acute 
infection. Usually the number of organisms is small. 
Individuals with suppurative complications of the 
sinuses arc likely to harbor large numbers of strep- 
tococci and would appear to be a dangerous source 
of infection. Proper therapy of acute infections 
with penicillin prevents the development of the 
carrier state and promptly eliminates the organism. 

There is no specific immunizing procedure which 
will protect against streptococcal infections. This 
is not surprising, since the evidence today is that 
immunity Is largely tj'pe-specific. 

Individuals or groups of individuals may be pro- 
tected from streptococcal infections by the prophy- 
lactic use of sulfonamide drugs. For this purpose 
1 Gm sulfadiazine is administered daily. Such pro- 
phylaxis, when given to populations already ex- 
periencing an epidemic, will control the outbreak 
as long as the drug is administered. \Vhen therapy 
is slopped, streptococcal infections again occur be- 
cause of the faflure of sulfonamides to eliminate the 
infecting organism. For this reason oral penicillin 
in doses of 250,000 units two or three times tlailv 
for 10 days or the injection of 1,200,000 units of 
benzathine penicillin is a preferred form of pro- 
phylaxis in large population groups Benzathine 
penicillin in doses of 600,000 and 1,200,000 units 
will protect the individual from new infections for 
from 3 and 4 to 6 weeks, respectively. 

Tonsillectomy has been employed widely as a 
prophylactic measure for streptococcal infections. 
It is obvious that tonsillitis cannot occur if the 
organ is removed, but there is no protection af- 
foHed against streptococcal pharyngitis. Indeed, 
the only measurable effect is that tonsillectomy 
makes subsequent recognition of the cause of the 
respiratory illness difficult. 

Many attempts have been made to control re- 
spiratory disease by altering certain environmental 
factors, by using, for example, ultraviolet light, 
aerosols, and V’arious dust-holding procedures and 
by treating bed clothing with oils. It lijis been 
demonstrated that such methods decrease the con- 
tamination of the air, but the degree of their 
effectiveness in preventing infection is slight. 

LATE NONSUPPURATIVE COMPLICATIONS 
OF GROUP A STREPTOCOCCAL INFECTIONS 

As indicated previously, bela-strcptococcal in- 
fections assume importance not only because of the 
high morbidity and the immerliale suppurative 
complications, but also because of the late scfjuclae. 
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Tliere is considerable e%idence lhat rheumatic 
fever, acute glomcruJoncphrit/s, and scleredema 
adtiUorum (seep. 1901) are precipitated by, »f not 
directly related to, infection with the beta strep- 
tococcus. Eheumatic fever may be followed by 
valvular disease, and therefore this sequela of 
streptococcal infection assumes importance as a 
cause of chronic illness. 

Eliolog!/ and PatJwgenesis 

Although group A streptococci are considered to 
be the inciting agent of both rheumatic fever and 
glomerulonephritis, these two diseases have nev'er 
been reproduced in animals, nor have the mecha- 
nisms involved been defined. Therefore, jI is not 
surprising that numerous theories have been pro- 
posed to explain the nature of the cardiac and 
renal complications. 

Streptococcal infections are characterized fy on 
acute toxic or septic phase which last 3 to 7 days. 
Following the acute illness, the patient seemingly 
recovers completely, except for tliosc few individ- 
uals who have developed a suppurative complica- 
tion. After a latent period, tho patient may again 
present symptoms and signs of illness, but this tune 
the manifestations are rehited to involvement of 
new areas of the body, and the illnesses developing 
alter the latent period present a varied clmical 
picture. These mnesses have been collectively 
termed the late nonsuppurative complications of 
hemolytic streptococcal infections (Fig. I14-2). 
Tlie latent period and the resemblance of certain 
manifestations to serum sickness suggest some 
altered or unusual tissue reaction, but to ascribe 
hypersensitivity as the responsible mechanism on 
the basis of this evidence alone is not warranted 

The spectrum of the nonsuppurative illnesses is 
broad. Certain patients develop fever with no 
localizing signs Others exhibit lymphadenitis with 
fever Such illnesses have been called streptococcal 
fever, but it seems probable that they represent 



mild rheumatic attacks. Approximately 3 per cent 
develop signs of involvement of the joints or Jieart, 
and a diagnosis of rheumatic fever Is evident. In 
a few, depending on the serologic type of infecting 
strcptococciw, acute glomcruloncpbrifts liccomes 
manifest. Skin eruptions, such as erythema margi- 
natum, erythema nodosum, and scleredema adul- 
totum, occasionally appear. 

This sequence of (1) an acute streptococcal 
respiratoiy illness, (2) a latent period of I to 5 
weeks, and (3) the development of nonsuppurative 
illness occurs with sufficient frequency to suggest 
a causal relationship to the group A streptococcus. 
In the family unit experienemg streptococcal in- 
fections, in patients with scarlet fever, and in food- 
and milk-bome outbreaks, it is not uncommon to 
observe rheumatic fever and nephritis. Other non- 
bacterial respiratory .infections are not followed by 
these complications. 

Further evidence lhat rheumatic fever and ne- 
phritis arc related to group A streptococcal infec- 
tions is obtained from study of patients with these 
diseases. Usually a history of a recent infection of 
the Uiroal is obtained, and cultures frequently ex- 
hibit hemolytic colonies. Antistreptolysin titers of 
the scrum are elevated. Measures known to protect 
the individual from streptococcal infections reduce 
the incidence of rliemwitic fever and nephritis. 

The exact mechanism whereby rheumatic fever 
and acute glomerulonephritis are produced is not 
known. The m.'ijorily of students favor some form 
of hypersensitivity mechanism, but it is now ap- 
parent tJiat the substances responsible for the tissue 
reactions arc not identical in nephritis and rheu- 
matic fever. Furthermore, the host response to in- 
fection with tho streptococcus in patients with 
nephritis is different from that in patients with 
rheumatic fever; in the first instance a recurrence 
is rare, in the second it is common. In nephritis 
the observation that hematuria is observed during 
the acute streptococcal illness suggests the direct 
action of some nephntotoxic substance; however, 
the hematuria clears and subsequently becomes 
apparent again. In rheumatic fever and to a less 
extent in nephntis, the patient responds to the 
initiating infection by the production of large 
amounts of antibody to various streptococcal anti- 
gens \Vliy such a response is more likely to be 
associated w'ith a nonsuppurative complication is 
iink-nown, but this observation contributes to the 
Interest in the antigen-antibody reaction in rel.vtion 
to the mechanisms involved in tissue damage. 

In experimental models, tissue reactions in the 
kitinevs and to a less extent in the heart have been 
produced by a vanety of procedures. These obser- 
V’alions have contributed to the emphasis on al- 
tered reactivity of the tissues, but it is diffictilt to 
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the pericardia! sao, and the heart may he covered 
\\ith a fibrinous exudate. Microscopic examination 
shows focal or diffuse infiltration of the mj’ocar- 
dium with inflammatory cells and variable degrees 
of necrosis of muscle cells. 

The joints become red, swollen, and tender. The 
periarticular tissues and synoWa are edematous and 
show* collections of mononuclear cells. The synovial 
fluid becomes increased. Invoh’cmcnt of the ten- 
dons, especially the hamstring and Achilles ten- 
dons, gi\es rise to the so-callcd "growing pains" of 
childhood. Subcutaneous nodules, loosely con- 
nected to the tendon sheaths, are likely to be found 
during the acute phase of the disease in children. 

In the brain, true Aschoff bodies are seldom ob- 
served; instead, there is a perivascular collection of 
round cells. There may be proliferation of the in- 
tima and thrombosis of vessels. 

Inflammatory reactions have been described in 
the tissues of other organs of the body. In the lung 
tlicre may be an interstitial pneumonia and hemor- 
rhage. 

In aaifc glomerulonephritis, the kidneys are nor- 
mal or slightly enlarged and appc.ir pale. Over the 
surface small punctate hemorrhages are observed. 
Histologically, the earliest lesion is an Increased 
ccUulanty of the glomerulus, with infiltration with 
polymorphonuclear cells. Red cells and leukoc)'tes 
appear in Bowman’s space and in the tubules. The 
basement membrane is thickened. The tubular cells 
may show some swelling. Acute fibrinoid necrosis 
of the arterioles and glomerular tufts is seen. Le- 
sions observed at autopsy after several weeks or 
months of illness show epitheli.vl crescents, fibri- 
noid necrosis, tubular degeneration, and inflamma- 
tory infiltration around the glomerulus. Fibrosis is 
a late manilestation. The relation of these latter 
changes to nephritis following group A infections 
has not been well defined. 

Acule {IhextmaUc Feccr 

Clinical Manifestations. One of the outstanding 
characteristics of the late nonsuppurative complica- 
tions of streptococcal infections is the variation of 
the clinical features. Frequently, a definite diagno- 
sis of rheumatic fever is easily made, but there ore 
also many instances where such a diagnosis is dif- 
ficult, if not impossible. The correct diagnosis may 
become apparent only after a long period of ob- 
servation. 

Streptococcal /cccr is a term applied when there 
is fever, usually of mild degree, without other signs 
of rheumatic activity or of a suppurative process. 
A history of a preceding pharjmgitii is tisu^y ob- 
tained. Tlicrc may be some cervical Ijinphadenitls, 
Ixit in m.rny instances the glands arc not prominent 
or tender In some patients the temperature may 
Iw iionnal except during the late afternoon An 


increase in the total leukocyte count or in the sedi- 
mentation rate may accompany the fever. 

Rheumatic fever may be insidious in onset, or it 
may develop rapidly. Altliough it is common for 
patients to give n history of a preceding strepto- 
coccal respiratory infection followed by a latent 
period of several days to 0 weeks, occasionally 
symptoms of rheumatic fever develop without a 
latent, symptom-free period. Usually the patient 
complains of malaise which is soon followed by 
feverishness, perspiration, prostration, and polyar- 
thritis. 

In the absence of a specific diagnostic test, the 
recognition of rheumatic fever depends upon the 
presence of a combination of symptoms and signs, 
of vvhicJi the most important are polyarthritis, car- 
ditis, chorea, subcutaneous nodules, erythema mar- 
ginatum, fever, and dramatic improvement of pain 
and fever following the administration of salicyl- 
ates. It is important to stress that many of these 
manifestations may be absent in a given instance. 

Although migtatory pohjarthritis is considered 
one of the typical symptoms of rheumatic fever, it 
is also a confusing symptom, since arthralgia may 
be caused by other diseases. In rheumatic fever, 
painful joints develop rapidly, and the ankles, 
kxiees, h/ps, shoulders, elbows, and wrists are likely 
to be involved. Occasionally the small joints be- 
come inflamed. Several joints may become involved 
simultaneously, or they may be effected in rapid 
succession. As one joint becomes involved, the pain 
and swelling in another may be receding. Arthral- 
gia In any one joint may last a few hours to several 
days or, rarely, weeks. Commonly there are all the 
signs of acute inflammation with redness, swelling, 
heat, pain, and tenderness. 

In ^ddren arthritis may be atypical, the mani- 
festations being pain and tenderness without swell- 
ing of tlie Joint. Tlie arthritis of rheumatic fev'cr 
does not suppurate, and normal function is restored 
following subsidence of symptoms and signs of 
inflammation 

Acute carditis is responsible for death in active 
rheumatic fever. The severity of the initial injury 
may vary from the mildest forms which give rise 
to no clinical manifestations to the types in which 
extensive pathologic clumges in the heart arc un- 
mistakably displayed by abnormal clinical signs. 
Usually, the term active carditis is limited to those 
instances where the clinical signs of impairment 
of the heart are definite. 

The recognition of acute carditis is often not a 
simple matter. Unquestionable injury to the heart 
is evidenced by the appearance of congestive fail- 
ure, enlargement of the heart, pcric-arditis, or "sig- 
nificant" murmurs. Tlic problem is simplified if it 
is borne in mind that the development of signifi- 
cant murmurs is ihe unfailing sign of acule cardilis 
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Acijlc pericarditis, congestive failure, definite car- 
diac enlargement arc all indicative of serious car- 
diac damage, but since each one of these signs is 
usually associated with the appearance of murmurs, 
it is primarily with the discovery of significant 
murmurs that one is most concerned. 

\M)at are the significant murmurs? A dinsttJic 
murmur, not previousl)' present, constitutes un- 
cfiuivocal evidence of cardiac damage. This may 
be either the faint blow of aortic insufficiency 
heard best at the second right parasternal border 
or along the left parasternal border; or it may be 
the mid- or late-diastolic rumble heard best at the 
apex. There are some who consider the diastolic 
murmur the only one of indubitable significance. 
A loud systolic murmur at the mitral area which 
is transmitted well into the axilla has practically 
the s.ime significance. It is important to bear in 
mind that these murmurs do not invariably Imply 
permanent vaKailar damage. E\en the diastolic 
murmur may vanish, and we must assume that 
dilatation of the cardiac chambers or of the valve 
rings or a transitory distortion of the cusps has 
disappeared. The greatest difficulty comes from 
estimating the importance of a less intense mitml 
systolic murmur, which may be due to alteration 
cither of the valve leaflets or of the myocardium 
sufficient to cause enlargement of the mitral ring; 
or it may be caused simply by the fever and tachy- 
cardia Nsilhout necessarily Implying serious endo- 
cardial damage. 

Cardiac enlargement Is frequently encountered 
in children but seldom observed in the adult. The 
diagnosis of involvement of the myocardium is 
usually based on the recognition of disturbances of 
rhythm and electrocardiographic abnormalities 
Most patients xvith rheumatic fever, if examined 
frequently, will show evidence of myocardial in- 
%olvement. Tachycardia is frequent. Gallop rhythm, 
usually heard during the acute phases of the ill- 
ness, is especially apt to occur. The heart sounds 
rnay be mufiled, or the first sound may vary In 
intensity. The finding of dropped beats suggests a 
partial heart block (Wenckebach phenomenon). 
Atrial fibrillation, uncommon in children, may be 
associated with recurrent attacks of rheumatic 
fever in the adult. 

The electrocardiographic change most fre- 
quently encountered during the course of acute 
rheumatic fever is prolongation in the F-R inter- 
val. This interval usually becomes normal as signs 
of infection disappear, but prolongation may per- 
sist. Other abnormalities include partial atrio\'en- 
tricular heart block, atrioventricular dissociation, 
inversion of T waves, and bundle branch block. 

Discomfort over the precordial area does not 
always indicate acute pericarditis, but the detection 
of a harsh to-and-fro friction rub is pathognomonic. 
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Frequently tlie precordial pain is severe in patients 
exhibiting a friction rub. Rheumatic pericarditis in 
children is often associated wth little pain. Effu- 
sion Into the pericardial sac may develop and must 
be differentiated from cardiac dilatation. 

One of the major manifestations of rheumatic 
fever is chorea, or St. Vitus’ dance. In children it is 
observed in approximately one-half tlie patients, 
whereas in adults it is rare. Commonly, chorea ap- 
pears late in the illness, so that it may be the only 
manifestation of the rheumatic state. Chorea usu- 
ally develops slowly, so that a week or two is re- 
quired before the parents realize the child is ill. 
'Typically, the patient is restless, nervous, and emo- 
tionally unstable, and performs many purposeless 
movements. The manifestations of chorea are usu- 
ally mild, and careful observation is required to 
detect the incoordination. Hyperextension of the 
fingers, grimacing, and purposeless movements of 
the tongue, extremities, and fingers are character- 
istic (see p 254). 

One of the most characteristic features of rheu- 
matic fever is the development of subcutaneous 
nodiifcs. These nodules, which vary in size from 
1 mm to 2 cm, are especially likely to develop over 
the extensor tendons of the hands and feet, over 
the extensor aspects of the knee and elbow, and 
over the spine, scapulas, and sk*ull. Usually they are 
distributed symmetrically and may occur m crops 
They ho deep in the tissue, and the skin is movable 
over their surfaces. They are not painful Detection 
of these nodules is best accomplished by inspection 
of the skin \\’hen drawn taut by flexion of the 
joints. The nodules persist for a few days to several 
weeks but al\v.ays disappear. Since subcutaneous 
nodules are especially likely to develop in patients 
wnth severe carditis, they are seldom helpful from 
the standpoint of diagnosis. 

The tendency toward recurrent attacks is a strik- 
ing feature of rheumatic fever. Approximately 
three-fourths of all patients with recognizable rheu- 
matic fever will develop a recurrence of the dis- 
ease, so that a previous history of an attack aids 
in the establishment of the proper diagnosis. 

Numerous symptoms, physical signs, and abnor- 
malities in laboratory examinations aid in the 
establishment of proper diagnosis. Fever is usually 
associated with acute rheumatic fever, although it 
may be absent in patients with chorea. Fever may 
be the only clinical manifestation of the disease, 
other studies, such as serial electrocardiograms and 
detection of endocardial murmurs, being required 
to establish the diagnosis. A diagnosis of rheumatic 
fever made solely on the basis of low-grade fever is 
not warranted, but it should be emphasized th.at 
fever may be the only sign of rheumatic activity. 

Little experience is required to appreciate the 
protean character of rheumatic fever. Studies of 
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Fig. 114-3. The time sequence of streptococcal ton- 
siUilis and rheumatic fever. 


outbreaks of streptococcal infection emphasize that 
nonsuppurative sequelae include typied rheumatic 
feN'er and a low-grade, often continuous, fever 
without signs of rheumatie activity. It is natural to 
assume that such cases of so-called streptococcal 
fever are produced by the same roech.ini$m re- 
sponsible for the dinically xecogniMble form of 
rheumatic fever. A histoiy of a preceding strepto- 
coccal infection is of help in diagnosis (Fig. 
114-3). 

During the acute phase of rheumatic fcier vari- 
ous rashes may appear, hfost tj'pical is crytitema 
marginatum. This rash is said to occur in 15 per 
cent of patients with acute rheumatic fever and 
probably should be considered indicabvc of active 
rheumatic infection. It is characterized by a de- 
pressed center and an erythematous margin, which 
may form rings When the lesions fuse, various gy- 
rate patterns are observed. The rash is evanescent 
and may become apparent only by wanning the 
body. Other rashes include erythema nodosum, 
urticaria, and various purpuric lesions 

Abdominal pam occurs frequently and may be 
mcorrectiy diagnosed as resulting from acute ap- 
pendicitis. Since a leukocytosis occurs m both rheu- 
matic fever and appendicitis, operation is fre- 
rjuently performed. Careful search for other signs 
of rheumatic acti\nty should be made in all children 
and young adults complaining of abdominal pain 
and fever. 

Not only does abdominal pain occur as a mani- 
festation of acute rheumatic Fever, but also pleu- 
ntic pain is obser\'ed. PlcvTisy is usually associated 
with severe rheumatic fever and gives rise to pain 
on respiration Rarely, it is the initial manifestation 
of the illness. Usually the pleurisy docs not persist 
for more than a few days, and symptoms may be 
relieved as Quid accumulates in the intrapleural 
'■ space In some patients, and again especially in 
ihose with a severe illness, symptoms and signs of 
•’ pticiimonla may develop. The sputum jnay become 
hlood-strcakcd Plij-sical signs are frequently dlfH- 
cult to interpret, for^ther' ’ ” "‘“it 
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myocarditis and cardiac failure. Roentgenographic 
examination of the lungs is a most valuable pro- 
cedure in patients suspected of having pneumonia. 

llpkfaxis is commonly observed in patients with 
acute rheumatic fever. Tlie exact cause of these 
recurrent attacks of bleeding is not known, flypo- 
prothrombinemia may be due to salicylate admin- 
istration. 

Laboratory Findings. The urine is usually nor- 
mal. Traces of albumin may occur during the 
febnle period, and microscopic hematuria is ob- 
served on occasion. In patients with severe or pro- 
longed infections various degrees of anemia arc 
common. A leukocyte count of 15,000 to 30,000 is 
the rule during the acute phases of infection, but in 
some patients the count may be normal. 

Tlie sedimentabon rate is an excellent ind&x of 
ilieiunatic activity and is generally considered more 
reliable than the leukocyte count. The rate of sedi- 
mentation of the cells almost invariably increases 
during the acute phases of ihe infection; with 
clmic^ improvement the rate decreases and returns 
to normal. In patients with carditis and cardiac 
failure, normal values may be obtained, but as 
failure disappears the sedimentation of the cells 
increases 

The determination of C-reactlve protein content 
of the blood is a useful procedure in judging rheu- 
matic activity. Since Uiis protein also appears in the 
blood during the course of acute bacterial infec- 
tions, the reaction must not be considered specific 
Culture of the tonsils and oropharynx may show 
beta streptococci of Lancefield group A, but failure 
to isolate these organisms even early in the course 
of the disease is not unusual. Of significance is the 
finding of a high antistreptolysin tiler which falls 
during the convalescent period. Antistreptolysin 
titers of 200 or more indicate a recent infection by 
group A streptcKocci, they are not diagnostic of 
rheumatic fever. Early in the course of rheumatic 
fever titers of less than 100 are rare. 

Diagnosis. There is no laboratory test available 
that establishes the diagnosis of acute rheumatic 
fever. Polyarthritis, carditis, chorea, suheutaneous 
nodules, erythema marginatum, and recurrent at- 
tacks characterize the disease According to Jones, 
the diagnosis of rheumatic fever becomes estab- 
lished when two or more of the above manifesta- 
tions coexist. It should be emphasized that rheu- 
matic fever undoubtedly occurs in the absence of 
these conditions, but orJy by long observation is it 
usually possible to make certain of the diagnosis 

Rheumatic fever must be differentiated from 
other forms of acute arthritis. Under the age of 
twenty, gonococcal arthritis may be confused with 
rheumatie fever (see p. 929). 

Rheumatoid arthritis, although relatively rare in 
children, is generally polyarticular in its mamfesta- 
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tions, so that it is commonly confused with acute 
rheumatic fever (see p. 1914). Temporomandibular 
joint involvement is rare in rheumatic fever and 
common in rheumatoid arthritis. The development 
of deformities or anl^losis clearly indicates rheu- 
matoid arthritis. 

Septic or purulent arthritis is recognized readily 
in most instances, and cultures of tlie blood and 
joint fluid establish the correct diagnosis. Tubercu- 
lous arthritis is usually monoarticular in distribution 
and subacute in its course. Some cases of acute dis- 
seminated lupus erythematosus may be difflcult to 
distinguish from acute rheumatic fever. The former 
disease almost invariably occurs in females and is 
associated vvith leukopenia, hematuria, and, in 
most instances, a rash over the face (see p. 1893). 

In the adult, and especially in men, genit 
must be considered. The occurrence of tophi, 
podagra, and an increased uric acid content of the 
blood, as well as the appearance of erosions of the 
bone in the roentgenograms serve to differentiate 
gout from rheumatic fever. 

The administration of salicylic acid compounds 
is often helpful in differential diagnosis. In rheu- 
matic fever these drugs produce rather marked 
symptomatic relief, the temperature decreases, and 
the pulse slows. 

In patients with fever and val'.'ular heart disease 
subacute bacterial eridocardilis may mimic rheu- 
matic fever. Here the presence of petecliiae, en- 
larged spleen, hematuria, or a positive culture of 
the blood assist in establishing the diagnosis. 

Course and Prognosis. Approximately 4 per cent 
of hospitalized patients die during their inih'al at- 
tack of rheumatic fever, and in every instance 
death is due to active carditis. The course of the 
acute illness is extremely variable, and prognosis 
should be guarded. In a few patients a normal 
status is apparent within 1 week, but the majority 
require 4 to 6 weeks before the clinical and labo- 
ratory signs of activity disappear. In the past there 
was an appreciable number of patients who con- 
tinued to exhibit signs of rheumatic fever, either 
progressive or cyclic in nature. Today, such a 
course is rarely observed, presumably because of 
better therapy rather than because of a fundamen- 
tal change in the character of the rheumatic proc- 
ess. 

The most important feature of rheumatic fever is 
carditis. If the patient is going to manifest disease 
of the heart, signs are readily detected e.arly in the 
acute illness. Patients who subsequently develop 
chronic vaK-ular heart disease usually exhibit mur- 
murs during the acute illness. Although there is 
some correlation beri^’een tlic severity of acute car- 
ditis and chronic vaKular deformities, it is difficult 
to make a prognosis until the patient h.is been 
observed for many months. The occurrence of re- 
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peated attacks of rheumaUc fever alters the prog- 
nosis considerably. Repeated attacks usually result 
in serious cardiac injury. 

Although death in the child is usually due to 
active carditis, in the adult mechanical failure of 
the heart results from marked valvular deformi- 
ties, The adult patient succumbs to heart failure 
with atrial fibrillation, embolic episodes, or bac- 
terial endocarditis. The latter complication devel- 
ops most frequently in patients who do not exhibit 
signs of failure during the acute illness. In all 
patients showing signs of cardiac failure, active 
rheumatic fever should be suspected. 

Treatment. During an attack of acute rheumatic 
fever attention is directed toward providing nurs- 
ing care, a good diet, adequate fluid intake, and 
rest in bed. hlosl physicians believe that bed rest 
is an important feature of treatment, and it un- 
doubtedly is in patients with severe carditis. Abso- 
lute bed rest is difficult to maintain during therapy 
because the drugs emploj’ed relieve all symptoms in 
the majority of instances. It is common practice to 
require bed rest until clinical signs of activity have 
disappeared. The pulse rate, leukocyte count, sedi- 
mentation rate, and C-reactive protein are employed 
as an index of activity of the disease. Some restric- 
b'on of physical exertion is advised until these 
indices return to normal values. 

Patients with severe arthritis or substemal pain 
may require codeine or morphine for immediate 
relief. TTie development of cardiac failure is an 
indication for digitalis therapy, although occasion- 
ally such treatment is not followed by rapid im- 
provement. 

Chorea requires special attention. The patient 
should be placed in bed in a quiet room Precau- 
tions must be instituted so that the patient does 
not injure himself. Feeding, if difficult, requires an 
understanding nurse. Sedabon, usually phenobar- 
bita], should be administered in sufficient quantities 
to supply required rest. 

Once the diagnosis of rheumatic fever is estab- 
lished, all patients should receive a course of 
penicillin therapy in amounts necessary to elimi- 
nate the group A streptococcus. Penicillin is not 
withheld in patients whose orophaiyngeal ailtiircs 
are negative, since studies have shown that the 
streptococci may be in inaccessible areas. At pres- 
ent 500,000 units of penicillin is administered 
intramuscularly every 4 hr for 2 weeks. This is 
followed by a single injection of 1,200.000 units 
of benzathine penicillin. An alternative method is 
the injection of 600,000 units of procaine penicillin 
twnce daily for 2 weeks to be followed b)' an 
injection of benzathine penicillin. It is possible that 
elimination of the streptococcus by such therapy 
will alter the further development of valvnibr heart 
disease. 
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Symptomatic therapy of acute rheumatic fe\'er 
is accomplished by the use of salicylates or one of 
the steroid hormones. All these agents exert a 
favorable effect on tlie arthritis and constitutional 
symptoms. Hormone therapy, in add»tion, may alter 
the es'olution of s'aKnilar heart disease if instituted 
within a week of onset. If the illness is of o\er 2 
weeks' duration, steroid therapy is of doubtful 
value. There is some evidence suggesting that ster- 
oids are e/Feetire in tite patient with acute carditis. 

Sodium salicylate or acctylsalicylic add rapidly 
relieves such symptoms as joint pain, tachj'cardia, 
and anorexia. Unfortunately, symptoms of salicyl- 
ism appear early, so that careful adjustments are 
necessary to obtain maximum relief of syonploms. 
Small doses of these compounds given at frequent 
intervals are preferable to large doses. In the adult 
8 to 10 Cm during a 24-hr period may be required 
for maximal effect. Entcnc-coaled pills may be em- 
ployed when there is intolerance. 

Hormone therapy is advised for all patients 
whose illness is of less than 1 svoek duration. Hydro- 
cortisone is given in divided doses of 300 to 600 
mg daily. Prednisone 60 to 160 mg or triamcinolone 
50 to 100 mg daily in divided doses may be sub- 
stituted for hydrocortisone With any of these 
steroids the dose Is gradually reduced over a 3. 
to 6-\vcek period. In general, therapy is continued 
until there is no further improvement of cardiac 
murmur. After the drug is discontinued, signs of 
activity may recur, the so-called “rebound phe- 
nomenon," If the rebound is not accompanied by 
severe symptoms, it is not necessary to resume 
therapy. Prednisone may be substituted for corti- 
sone and has the advantage that it entails less nsk 
of 0uid retention 

In all patients with active rheumatic fever and 
especially tliose receiving hormone therapy, con- 
tmuous prophylactic administration of sulfadiazine 
or penicillin should be instituted immediately after 
the Erst 2 weeks of therapy 'The physician should 
be careful in the management of each patient to 
make certain that a psychologically cnppled in- 
dwiilual is not produced. Likewise, the importance 
of continuous observation and prevention of recur- 
rences should be stressed. 

Acute Clomcruhnephrilh 

Most of the knowledge of acute glomerulone- 
phritis has accumulated from study of hospitalized 
patients and, of necessity, has been derived only 
from individuals with symptoms. Observation of 
patients infected with nephritogenic streptococci 
reveals that the spectrum of nephritis is broad; 
many individuals exhibit signs of the disease witfi- 
out associated symptoms. Since rchalivcly few pa- 
tients have been observed througboiit life after 
the streptococcal infection, k'nowWge concerning 


die evolution of the renal lesion is limited. Wiih 
the inhoduction of needle biopsy of the kidney, the 
relationship of chronic nephritis to acute nephritis 
can be expected to be clariEed in the future. 

Symptoms and signs of acute nephnlis can be 
produced bj' a number of stimuli in addition to 
infection by nephritogenic streptococci. Pneumo- 
coccal and other bacterial infertions may be as. 
sbeiated with hematuria and albuminuria, with or 
tvithout edema and hypertension. Some of these 
illnesses are undoubtedly acute exacerbations of 
chronic nephritis, whereas others may have resulted 
from infection with group A streptococci, but the 
techniques for isolating the organism were not 
adequate. In addition, signs of nephritis may he 
produced by bee stings, chemical poisons, and b.ac. 
Icremia. However, most acute glomerulonephritis 
is caused by a few serologic types of group A strep- 
lococcL 

Clinical Afanifestations. An acute respiratory ill- 
ness is an integral feature of acute glomerulo- 
nephritis. Approximately 80 per cent of patients 
infected with group A streptococci experience 
clinical manJestations. Since such infections ate 
not always associated with a recognizable illness, 
it is not surprising that a few patients exhibit i^o 
^Tnptoms. In addition, in cliildren the ^mptoitis 
referable to tlie respiratory system may be o\er. 
shadowed by infection of tne skin- Eczema or small 
abrasions may become infected by nephritogenic 
streptococci and may dominate the Initial clinical 
picture presented by the patient. In such instances, 
bacteriologic studies of the oropharynx usually re- 
veal group A streptococci. 

Symptoms of nephritis may develop during the 
acute respiratory illness, hut commonly they de- 
vejop 10 days later. Thus, the symptoms of the 
acute respiratory illness subside or disappear corn- 
plelely prior to the onset of the nonsuppurative 
complication. Occasionally, the latent period may 
be as long as 4 weeks. 

As already stated, most Icnoivletlgc of acute 
glomerulonephritis is derived from the study of 
hospitalized patients. In this population the mani- 
festations arc of such a nature that they are con- 
sidered to be serious by the patient as well as by 
lliD physician. Actually, nepliritis frequently pro- 
duces few or no symptoms, the only sign being an 
increased excretion of red blood cells. Symptoms, if 
present, include vague lumbar soreness, transient 
pain in the groins or abdomen, anorexia, and gen- 
eral malaise. 

In patients seeking medical care because of the 
development of nonsuppurative disease of the 
kidney, the symptoms include pufiiness of the eyes, 
gross hematuria, and headache. Loss commonly the 
initial symplnm may be pain in the lumbar area, 
severe pain in the groin or deep in the abdomen, 
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convulsions, pulmonary edema, and coma. Any com- 
bination of the above symptoms may be assodated 
with anorexia, vomiting, oliguria or anuria, and 
nitrogen retention. 

Edema is one of the most common manifesta- 
tions of acute nephritis. Characteristically, the par- 
ents observe that the face is swollen, especially 
around the eyes. The edema is most apparent upon 
arising in the morning. Edema fluid frequently be- 
comes manifest in the lower extremities, over the 
sacrum, or in the body cavities. The exact mech- 
anism involved in production of edema in acute 
nephritis is unknown, but presumably it is due to 
so^iim retention. Other factors u'hich may play a 
role are capillary damage and congestive heart fail- 
ure. Since the edema fluid exhibits a low protein 
content, it is difficult to e.xplain the accumulation 
of fluid by capillary damage. 

Some degree of hematuria is observed in fdl 
patients, and the diagnosis of nephritis should qot 
be made in its absence. Individuals infected with 
group A streptococci exhibit an increased number 
of red cells in the urine during the febrile period. 
If the organism is nephritogemc, the “febrile hema- 
turia" is even more marked; 20 per cent may show 
over 20 cells per cu mm in the uncentrifuged speci- 
men. This Initial hematuria disappears, only to r^cur 
in a few days in those patients who develop acute 
glomerulonephritis. There is some evidence that 
"febrile hematuria” is especially likely to occur in 
patients who subsequently develop nephritis. 

Gross hematuria, especially when it occurs in the 
male, may be the presenting symptom. Somewhat 
less than half the patients observe brown urine 
which lasts only a few days. Since the blood most 
travel a long distance through the nephrons, the 
color of the urine differs from that observed in 
hemorrhage from the bladder. The red cells have 
been exposed to an acid environment, which pro- 
duces the brown or coffee grounds appearance. 
Microscopic hematuria may persist for weeks and 
occasionally for months. There is poor correlation 
between the severity of nephritis and the degree of 
hematuria. 

One of the characteristic signs of acute nephritis 
is hypertension. The blood pressure tends to be ex- 
tremely labile, especially during the initial phase 
of the disease. Patients with a normal pressure have 
been observed to develop marked hypertension, 
edema, cardiac dilatation, and signs of failure im- 
mediately following stimuli such as an alcohol 
sponge bath administered as treatment for fever. 
Observations such as this suggest that arteriolar 
spasm is responsible for elevated pressures. Hyper- 
tension, if it develops, is likely to become manifest 
within a week or so of onset. 

Conuufsions, visual disturbances, and coma ap- 
pear to be related to the general vascular instaM- 


ity. Sudden elevation of pressure is associated with 
severe headache, nausea, vomiting, and rarely re- 
sults in actual rupture of a cerebral vessel. Gen- 
eralized convulsions, which occur mainly in young 
children, may be the first or major symptom. Blur- 
ring of vision or even amaurosis may be e.xperi- 
cnced. Examination shows papilledema, rarely 
hemorrhages into the retina, and constriction of 
tlte arteries. 

TTie patient who develops hypertension is espe- 
cially susceptible to vascular congestion; The symp- 
toms of congestive failure may develop rapidly, 
reaching a critical stage within a few hours. Death 
in tJie early phase of the disease is commonly due 
to congestive failure. The symptoms vary consid- 
erably, from moderate dyspnea to frank signs of 
pulmonary edema and acute congestion with en- 
hirgement of the liver, rapidly accumulating edema, 
and elevated venous pressure. 

Laboratory Findings. The function of the kidney 
is altered in many patients, but specific data are 
meager concerning function in the patient without 
edema or hypertension and in the very early stages 
of poststreptococcal nephritis. The ability to excrete 
water may be normal or impaired. In tlie initial 
phases the abihty to concentrate is usually main- 
tained. During convalescence the specific gravity 
may remain relatively fixed near 1.010 for several 
weeks or months. The urea clearance may be de- 
pressed and the excretion of phenolsulfonphthalein 
decreased. The discrete measurements show that 
the glomerular filtration rate is reduced m most 
eases; renal plasma flow is normal or slightly de- 
pressed; and there is a low filtration fraction. There 
is evidence of some dysfunction of the tubular cells. 
In patients with small urinary volumes and edema, 
there may be azotemia 

As stated under Clinical Manifestations, hema- 
turia of v^rymg degrees is a constant finding in 
acute glomerulonephritis Microscopic examination 
shows red cells of normal size, but in addition, there 
are many small, distorted erythrocytes and red cell 
stroma. Identification of the distorted cells and 
stroma can best be accomplished in a fresh, un- 
centnfuged specimen. Bleeding from other areas of 
the urinary tract is not associated with abnormal 
cells or stroma. For the proper interpretation of 
hematuria, as well as for the long-term management 
of the patient, quantitativ’e measurements of red 
cell excretion are required. In the past these values 
have been expressed on the basis of 24-hr excretions 
by the method of Addis. A much simpler technique 
is the enumeration of cells in the hemocytometer 
employing a^fresh morning specimen vvliich has 
not been stored in the Icebox. The cells are not 
sedimented prior to counting, since tin's procedure 
ruptures many abnormal cells and makes the cell 
membranes stick together in a homogeneous rnass..^ 
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DISEASES DUE TO BIOLOGIC AGENTS 
Normal individuals excrete less than 10 red cells sion. Any infection may precipitate an exacerbation, 

per cubic millimeter. Patients with acute nephritis but only infection willi nepliritogenic streptococcal 

usually excrete o%er 100 cells, although in \eiy mild types produces classical acute glomerulonephritis 

attacks or during the convalescent stages the num- Thus, the isolation of a type of streptococcus which 

her of cells may vary between 10 and 100. Normal is not nephritogenic suggests that tlie illness rep- 

individuals, especially females, will occasionally ex- resents an exacerbation of chronic nephritis, 

hibit counts between 10 and 100, but subscijucnt Increased excretion of red cells is observed in 
examinations will show normal counts. Some in- mam' patients with acute infections. In the majority 

crease in cells occurs in urine containing sperm, of these, the hematuria, along with slight albumi- 

and such urine should not be considered abnormal, nuria, disappears soon after the temperature returns 

Likewise, during acute infections, heart failure, and to normal. In contrast, following infection with 

infections of the urinary tract an increased niimlrcr nepliritogemc streptococci, the hematuria returns 

of cells is observed. The presence of bacteria, leuko- and persists for several days or weeks. During this 

cytes, and epithelial cells should be recorded. The second episode of hematuria, proteinuria Is not a 

number of leukocytes is usually increased In acute characterisb'c feature. It seems likely that such 

nephritis. If abnormal numbers of crythro^tes are cases represent a mild form of acute nephritis, 

observed, an aliquot of unne Is centrifuged and the Course and Prognosis. The course of aaite 
sediment examined for casts. Tlie presence of red nephritis is extremely variable. In hospitalized cases 

cell casts indicates bleeding from the glomerulus. 3 to 5 per cent die. In most instances death occurs 

Proteinuffa is common and is always present in In patients presenting a syndrome resembling heart 

patients exhibiting edema or liypertension. In con- failure. Since tliese patients exhibit retention of 

trust to common belief, protein may be absent or water, oliguria, and hypertension, it is difficult to 

present in very small quantities in patients without determine tho pathogenesis of the apparent heart 

liypertension or edema. In patients exhibiting failure Occasionally death is due to uremia, con- 

marked degrees of proteinuria without hyperten- vuJsive seizures, infection, or rupture of a cerebral 

sion or signs of edema, the illness most likely rcji- vessel 

resents an acute exacerbation of chronic nephritis Two diiTerent courses of illness are observed in 
or some other form of renal disease. patients who do not die during the acute phase. 

In each patient a careful search for evidence of In one complete recovery is the rule, whereas in 
a streptococcal Infection should be made. Several Uic other group the majority develops chronic, 

cultures of the throat should be obtained before progressive renal disease. There is reason to believe 

institution of chemotherapy. The culture is Inocu- that acute nephritis caused by nephritogenic strep- 

lated on the surface and subsurface of sheep blood tococci docs not lead to cltronic nephritis. Patients 

agar, since nephritogenic organisms frequently fail who give a classical history of a preceding respira* 

to produce typical hemolytic zones by other tech- toiy infection or develop neplintis following scarlet 

nifjiies. Specimens from all members of the im- fever rarely develop cluonic nephritis (ElLs type I), 

mediate family and other household contacts should These patients usually seek medical attention wilhm 

be cultured to obtain evidence of infection in this a few days after the onset of symptoms of nephritis, 

group. Those w'ith positive cultures should be fol- In contrast, the patient who cxiubits an insidious 

lowed for urinary abnormalities. Blood for anti- onset of nephritic symptoms, gives no evidence 

streptolysin determinations should be taken espe- of a recent streptococcal infection, shows large 

cially in those who exlubit a negative throat crul- amounts of protein in the urine, or develops hema- 

ture A very high titer or a rising titer indicates a tuna without a latent period is especially likely 

recent streptococcal infection. to exlubit chronic progressive renal disease. The 

In acute nephritis during the active phase of the illnesses in tlus group of patients (EUis type II) 
disease the sedimentation rate is increased and may represent exacerbations of chronic nephritis, 
there may be anemia. Recent studies show that the serum from these 

Diagnosis. The problems of diagnosis of various patients contains no antibody against nephrito- 

forms of nephntis are discussed in detail dsewhere genic organisms, whereas such antibodies can be 

(see p. 1479). Here, it should be emphasized that demonstrated in many patients who have recovered 

exacerbations of chronic nephritis present the most following an attack of type I nepliriCis. 
difficult problem It is important for the physician The clinical signs of nephritis observed follow- 
to differentiate between initial attacks of acute ing infection with nephritogenic streptococci last 

», ' glomerulonephritis and exacerbations of chronic only a few weeks Edema, hypertension, and gross 

j nephntis because the prognosis is excellent in the hematuria disappear within a few days or weeks. 

• fonner and poor in the latter group. Chronic renal Persistence of these signs for more Uian 2 months 

Z' disease is suspected whenever there is marked is a had prognostic sign and may indicate chronic 

proteinuria in tlie absence of edema or byperten- renal disease. Abnormal numbers of red cells and 
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moderate proteinuria may persist for months in 
a few patients. Individuals W'ho recover from acute 
nephritis rarely experience another attack. 

Treatment. Bed rest is necessary in the early 
phases of an attack of acute nephritis. During tlie 
first week or tu’O, physical exertion or sudden stimuli, 
such as an alcohol rub or news of death in the 
family, may precipitate severe hypertension, pul- 
monary edema, conmlsions, cerebral hemorrhage, 
or coma. If possible, the patient should he pla^ 
in a single room, mild sedation should be admin- 
istered, few or no visitors should be permitted, and 
the number of examinations and procedures should 
be kept to a minimum. Bed rest should be enforced 
until the blood pressure has become stabilized and 
signs of edema have disappeared. Restricted activ- 
ity is advisable until the sedimentation rate is 
normal and the number of red cells excreted is not 
altered significantly by exercise. There is no evi- 
dence indicating that activity is harmful to the pa- 
tient who continues to excrete red cells in moderate 
numbers during the convalescent period 

Patients infected with ncphrilogcnic streptococci 
who subsequently develop nephritis are especially 
Lkely to exhibit abnormal degrees of hematuria 
during the acute respirator)' infection. Since this 
may indicate that some product of these organisms 
damages the glomerulus directly, the org.-mism 
should be eliminated. This is best accomplished by 
the administration of procaine penicillin in doses 
of GUO, 000 units twice daily for 2 weeks. 

During the first 2 weeks of illness, and especially 
in patients exhibiting edema, h)’pcrtension, or oli- 
guria. the nutrition, fluid, and electrolyte intake 
should be carefully controlled. The value of a low 
protein diet has not been established in man. but 
in experimental nephritis in rats a high protein 
diet produces an adverse effect. Another reason to 
limit the protein is the high potassium content 
Fluid should never be forced and should be lim- 
ited in patients showing edema or hypertension. 
Potassium intake should also be limited. 

In the treatment of circulatory cotjgestion digi- 
talis is of little value. Diuretics are seldom em- 
ployed, but phlebotomy of 400 ml may prove 
hcncficwl. 

Hypertension and convulsions are difficult to con- 
trol. As mentioned above, bed rest and limitation 
of sodium intake are important preventive meas- 
ures In severe hypertension, 1 to 3 mg reserpine 
is administered intramuscularly and may be re- 
peated as necessary. If conxmlsions are frequent, 
250 ml of a 2 per cent solution of magnesium sulfiite 
is administered intravenously. 

Prevention of Rheumatic Fever and Tiephriits 

Both initial and recurrent attacks of rheumatic 
fever and nephritis can be prcs'cntcd. Prompt and 
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adequate treatment of group A streptococcal in- 
fections will prevent both complications, and con- 
tinuous prophylaxis wall greatly reduce the number 
of recurrences in patients who have already had 
an attack of rheumatic fever. 

It is now well established that therapy of strep- 
tococcal infections which eliminates the infecting 
organism xvill prevent initial attacks of rheumatic 
fever and nephritis. If the organism is not elim- 
inated, the attack rate of rheumatic fever fs not 
altered. The preferred method of therapy ij either 
a single injection of 900,000 units of benzathine 
penicillin or 200,000 to 250,000 units of penicillin 
V four times daily for at least 10 to 14 days. If the 
patient is sensitive to penicillin, erythromycin or the 
tetrac)-clines are given in full doses for 10 to 14 
days. Treatment should be instituted promptly, es- 
pecially if acute nephntis is to be prevented 
Therapy instituted after symptoms of thn acute 
respiratory illness have subsided will still prevent 
the onset of rheumatic symptoms. Since the sulfon- 
amide drugs are bacteriostatic, they should never 
be employed for the treatment of streptococcal in- 
fections. 

Once rheumatic fever develops, penicillin should 
be administered in full therapeutic doses in order 
to cUminate the streptococcus. Tins therapy is ad- 
vised under the assumption that the organism may 
be contributing to the rheumatic process Eradica- 
tion of the streptococcus should alter the disease 
in a favorable fashion, but evidence establishing the 
efficacy of such therapy is not available 

From 20 to 80 per cent of streptococcal infections 
which occur m individuals who have had an initial 
attack of rheumatic fex-er are folloived by recur- 
rences. Since many streptococcal infections produce 
no symptoms, it is not possible to rely on treatment 
of the infection for the prevention of recurrences 
For this reason patients with rheumatic f^ver or 
established rheumatic heart disease should be pro- 
tected continuously against streptococcal disease. 
This Is best accomplished by the intramuscular 
administration of 1,200,000 units of benzathine 
penicillin once each month. Oral prophylaxis, 
which depends upon full cooperation of the patient, 
is obtained by the daily administration of 0 5 to 
1.0 Gm sulfadiazine. Penicillin may be employed, 
but medication must be given twice daily in doses 
of 250,000 units. Prophylaxis is maintained through- 
out the year. Except in individuals who show no 
eWdence of vahailar heart disease or in a few pa- 
tients in whom the risk of contracting a streptococ- 
cal infection is considered negligible, prophylaxis is 
continued indefinitely. 

Patients with rheumatic valvular heart disease 
subjected to surgical procedures, espcci.ilh* tooth 
extractions, should receive penicillin as a prophjl.ic- 
tic measure before and several days after tlic opera- 
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lion. It is believed that such treatment uill prevent 
tlie development of stibacute bacterial endocarditis. 

Tlic problem presented by the patient writh aaite 
nephrttis differs from that posed by the patient with 
rheumatic fever. The appearance of a case of acute 
nephritis in the hospital or physician’s office indi- 
cates that a nephritogenic type of streptococcus is 
circulating in the population. Since the attack rate 
of nephritis may be xety high following infection 
wth these organisms, the physician has a doty to 
the public to eliminate the streptococcus from both 
the patient and all contacts Spread of streptococci 
is especially likely to occur in the home and school. 
Therefore, mlttircs of the throat should be obtained 
from contacts in these two areas. Individuals wnlh 
poslti^e cultures should receive therapy in a form 
sufficient to eliminate the organism. In addition, the 
unne should be cxaminetl microscopically, for urv- 
apparent cases of nephritis will be found m persons 
found to have a positive culture. 

Once the patient has recovered from the acute 
phase of nephritis, it is not necessary to institute 
prophvlaxis against streptococcal infection. Recur- 
rences are rare, if they occur at all The most likely 
explanation for this fact is that the patient acquires 
lasting immunity against the Infecting of strep- 
tococcus and, statistically, has little chance to 1^ 
infected with another t)pc possessing nephntogenic 
qualities It Is also possible that the substance re- 
sponsible for nephritis is antigenic, thus antibody 
against the hypothetical nephritogenic toxin might 
afford a protective mechanism. 

Individuals who present signs of chronic glomeru- 
lonephritis may suuer exacerbations following bac- 
tenai infections, including those caused by any type 
of group A streptococcus. In these patients the 
monthly injection of 1,200,000 units of benzatlunc 
penicillin may be advisable. 

Tonsillectomy has been considered effective In 
preventmg rheumatic fever and nephritis. There is 
no evidence to substantiate this suggestion. On the 
contrary, the risk of developing rheumatic fever or 
ncpluitis IS increased because after tonsillectomy 
die ph} fiiian is less likely to make the corrert diag- 
nosis and. therefore, less likely to prescribe ode- 
<[tiate treatment. 
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I f fr OTHER STREPTOCOCCAL 
INFECTIONS 
Ivan L. Bennett, Jr- 

Definition and Etiology. Beta-hemolylic strepto- 
cocci of LancefieJd group A, discussed in the pre- 
ceding chapter, arc responsible for the vast majority 
of human streptococcal disease, but four other 
general types of streptococcus can infect man. 
Organisms of Lancefietd group C, pnmarJy patho- 
gens of domestic animals, sometimes produce 
oUtis. pharyngitis, sinusitis, or bacteremia and, 
indeed, any of the otlicr groups can elicit human 
disease on occasion More important, however, are 
Lancefetd group D (enfcrococc/J, the viridans 
groii/», and onacrobfe streptococci. All three occur 
as part of the normal bacterial ffori of the mouth, 
intestine, nr genital mucosa, and their abihty to 
produce disease is evident only when injury to 
tissue or other circumstances have impaired the 
resistance of the host. Because these streptococci 
are normal inhabitants of body surfaces, their 
presence in cultures, especially cultures cnnlmning 
other bacteria, is not necessarily of etiologic signifi- 
cance and must be interpreted in the light of 
clinical manifestations. 

Viridans or Green Streptococci. TJiese nonnal 
inhabitants of the mouth, intestine, and vagina 
possess no C carbohydrate and cannot be classified 
by tfie Lancefield method. Alpha strains produce 
green discoloration on blood agar, very similar to 
that surrounding colonics of pneumococci, and dif- 
ferentiation from pneumococci is often a problem 
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{see p. SS7). Gamma strains are nonliemolylic. 
Strains isolated in the clinical laboratory arc usu- 
ally simply designated S. tlrldans, although S. 
salivarius (S. hominis) and S. mitis arc sometimes 
differentiated. Chewing, etc. (see p. 865), leads to 
repealed entry of these bacteria into the blood of 
most indi\’iduals without harmful effect. However, 
in the presence of damage to heart valves or of 
artcriosenous shunts, these organisms can cause 
bacterial endocarditis or endarteritis, and it is as 
the etiologic agents of this Ij'po of disease that they 
ha\c achiesed medical importance. (Sec p. 1030 
for discussion of bacterial endocarditis.) They are 
uniformly susceptible to penicillin. 

Enterococci (LanccDcld Group D). Tl>esc nor- 
mal inhabitants of the intestine differ from the 
\nridans streptococci hy possessing a group specific 
antigen, by their ability to grow in 6.5 per cent 
NaCl and to reduce methylene blue, and by their 
greater pathogenicity or tendency to produce dis- 
ease. Most strains arc alpha-hcmolytic, although 
beta and gamma organisms arc frequent. Organisms 
isolated by clinical laboratories are usually desig- 
nated as "enterococci," S. faccaUs, or if tlicy 
liquefy gelatin, S. Uqucfacicns. 

Enterococci cause 5 to 10 per cent of bacterial 
endocarditis, sometimes attaching norm.'il heart 
salves. The course of this disease and its therapy 
ssilh a synergistic mixture of peiiidllin and stre|>- 
tom)c!n are discussed on p 1013. Enterococci can 
produce local infections of the meninges, mastoids, 
the post'partum uterus, and (usually with other 
bacteria) the peritoneum. These organisms arc 
frequent in urine cultures and arc sometimes tlic 
sole cause of cystitis or pjcloncphritis. Entry of 
enterococci into the Wood is irequent in eWcily 
men with prostatlc enlargement, and a large pro- 
portion of endocarditis occurs in this age group. 

The greater pathogenic potential of S. faccalis 
than that of S. viridans is illustrated by the former’s 
abiliW to incite disease in tissues other than the 
vascular sj-stem as u’cll as the fact that embolic 
lesions in S. faecalis endocarditis often suppurate 
while those produced by S viridans do not. 

Most strains are sensitive to the tetracj'cllncs 
and chloramphenicol, and these drugs, as 'veil as 
combined penicillin and streptomycin, can be used 
to treat infections other than endocarditis. 

Anaerobic Streptococci. Among the body’s nor- 
mal inhabitants are many streptococci that cannot 
be cultured at atmospheric concentrations of oxy- 
gen, although most arc not obligate anaerobes and 
are properly termed microaerophilic. They are 
often found in exudates with other organisms, 
especially Bactcroides, coliform bacilli, and dos- 
tridial species. 

They infect soft tissue wounds and compound 
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fractures, sometimes producing a crepitant myositis 
that resembles clostridial gas gangrene. Postabortal 
and puerperal sepsis xvith pelvic thrombophlebitis 
and septic lung infarcts, peritonitis, thoracic em- 
pyema, abscesses of the lung and liver, perirectal 
abscesses, mastoiditis, dental infections, and wounds 
produced by human bites are the most frequent 
lesions from which anaerobic streptococci in pure 
or mixed cultures are isolated. 

Certain characteristics of anaerobic streptococcal 
infections are distinct enough to arouse strong 
suspicion clinically. They cause the production of 
copious amounts of dirty brown, thin pus. Indeed, 
the gas-producing infections in wounds lliat may 
mimic clostridial gangrene are often distinguished 
by this intense exudation. This pus, tlie lochia in 
uterine infection, and the breath of patients with 
lung abscess possesses a penetrating, overwhelm- 
ingly foul odor that can only be described as 
hideous. The fetor often ascribed to colon bacillus 
exudates is a result of the concomitant presence of 
anaerobic streptococci or Bacteroides bacilli. ^VhlIe 
classification is still imperfect, some of the species 
names (hat have been suggested emphasise the 
fcailcnt characteristics of anaerobic streptococcal 
cxud.'ites Including S. foetldis (stinking) and S. 
pulridus (rotten). Streptococcus foetidus is some- 
times recognizable in stained smears by its tendency 
to grow in curious parallel chains, and another 
species, S. panultis, produces black pigment on 
agar plates. 

Patients with pleural empyema caused by an- 
aerobic streptococci often develop painful areas of 
cellulitis around Uie site of thoracentesis needle 
punctures, a rare event in other empyemas. 

Two moTB or less disUncl cUnioal entities have 
been attributed to anaerobic streptococci: bur- 
rowittg ulcer and progressive bacterial synergistic 
gangrene. Both are unusual but sufficiently char- 
acteristic to be recognized by inspection. Binrow- 
ing ulcer occurs on the trunk or extremities and con- 
sists of a ragged ulceration from which necrotic si- 
nuses extend subcutaneously with occasional break- 
ing through to the surface. The process is chronic, 
accompanied by pain, fever, and emaciation, and 
death from necrosis of a major blood vessel has 
occurred. It does not attack muscle, stopping at the 
fascial layer. Anaerobic streptococci in pure culture 
are usually obtained from the exudate. Progressive 
bacterial ^nergistic gangrene usually complicates 
surgical operations upon tlie abdomen and consists 
of progressive, spreading ulceration, often around 
a stay suture. It is caused by mixture of hemolytic 
staphylococci and anaerobic streptococci. The lesion 
is distinguished by a bright red peripheral zone 
endosing a ring of purplish discoloration and a 
gangrenous, granulating Center. 
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Surgical drainage and debridement are important 
in the management of anaerobie streptococcal 
infections. Penicilbn in large doses is the dnig of 
choice; tetracyclines and bacitracin may be effica- 
cious in certain cases. 
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Section 3; Diseases Produced by 
Gram-negative Cocci 


1 -1 ^ MENINGOCOCCAL 

-LIU infections 

Ivan L. Bennett, Jr. 

Definition. The commonest infection produced by 
the meningococcus is a subchnical nasopbaryngilb 
or upper respiratory carrier state. In a relatively few 
mdlsiduals, this Is followed by invasion of the 
blood stream, witli involvement of the meninges 
ar>d other sites, or fulminating sepsis with rapid 
circulatory coU.apse and death. 

Etiology. Neisseria meningitidis or intracellularis, 
a gram-negaUve coccus, was sho%vn to be the cause 
of cerebrospinal or "spotted fever” by Wcicbscl- 
liaam* io Ji^7. JCo Atwrvnd -stotac! xif sjxuibtRS- -the 
organisms appear as biscuit-shaped sin^c cocci 
or diplococci, often wiliiln polymorphonuclear cells. 
The meningococcus grows best when fresh inocu- 
lums are incubated in carbon dioside (candle jar) 
on media containing blood, serum, or asdilc fluid; 
chocolate agar is frequently used. Like other Neis- 
seria, the organism gives a positive “oxidase” test, 
its colonies on solid medium turning purple when 
exposed to 1 per cent p-aminodimcthylanilidemono- 
clilonde. The meningococcus is identified by its 
ability to ferment glucose and maltose. The gono- 
coccus ferments glucose only, and nonpalhogenic 
neisserias (N. flaca, N. sicca, N. calarrJidlis) fer- 
ment glucose, maltose, and sucrose, or none of 
these sugars. Meningococci have been classifled 
into serologic tj-i^s, but these types are presently 
of interest only on epidemiologic grounds. The 
clinical diseases produced by all serot^cs are iden- 


tical, and all are susceptible to sulfonamides, peni- 
cillui, and several other antibiotics. 

Epidemiology, Under ordinary circumstances, 2 
to 5 per cent of normal mdividu:ds harbor meningo- 
cocci as part of the flora of the nasophanmx 
Studies such as that of Pliair and Schoenbacn In 
1944 have shown that crowding during the winter 
months can be associated with a rise in the carrier 
rate to as high as 40 to 00 per cent. As the rate 
rises, cases of systemic meningococcal infection 
aj^ear. but it is clear that leaver than 1 per cent 
of parasitized individuals develop serious illness. 
The circumstances leading to spread of infection 
bej'ond the nasopharynx are Unknowm, aithough 
several factors have been suggested: (1) failure 
of tiasqnha^r\feal jnlectinn lo .tmmuni^v — 

this is unlikely to play a role in that relatively few 
carriers are found to possess serum antibodies; (2) 
in \uvo development of invasive mutants; (3) sud- 
den introduction of a virulent strain into a popula- 
tion group; (4) concomitant viral infection of the 
nose and throat — in army outbreaks, recruits have 
been more susceptible to meningococcal infections 
during tlie “seasoning period,” w}jen upper respira- 
tory infections are numerous. Malnutrition, trauma, 
and debilitating disease seem to play little or no 
role. Disseminated meningococcal infection is com- 
moner in males and below the age of five year: 
Mortality is greatest at the extremes of life. Case-tr 
case transmission is rarely demonstrated, and th 
frequency of asymptomatic carriers makes if ol 
vious tliat strict isolation of clinical eases is tin 
justified, Admlnistr.ition of sulfonamides or penici] 
lin to a patient results in rapid disappearance o 
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meningococci. The prophylactic use of oral sul- 
fadiazine in Q dose of 1 to 2 Gm to a population 
reduces tlie carrier rate abruptly and can abort an 
epidemic in a school, army post, or other limited 
group. 

Pathogenesis. Spread of organisms occurs by 
droplet infection; the upper respiratory tract is tlie 
usual portal, although there are rare instances of 
isolated meningococcal conjunctivitis, in winch the 
eye was apparently a primaiy point of entry. About 
75 per cent of systemic infections arc preceded by 
upper respiratory symptoms, but the role of the 
meningococcus in these is difficult to assess. Spread 
of infection beyond the nasopharynx is now Imown 
to occur almost exclusively via the blood stream. 
Punilcnt meningitis, the commonest metastatic 
complication, is preceded by a bacteremia, as arc 
arthritis and rarer localizations such as ophthalmitis, 
pneumonia, pericarditis, endocarditis, empyema, 
orchitis, salpingitis, and epididjTnitis. Bursitis and 
tenosjmovitis may accompany articular involvement, 
which, next to meningitis, is the most frequent 
complication of meningococcemia, occurring in 
about 3 per cent of cases. 

The meningococcus possesses an endotoxin simi- 
lar to those of gram-negative bacilli; injection of 
this material into experimental animals results in 
fever, vascular damage, shock, and other toxic 
changes. There is much to indicate that endotoxin 
may be responsible for the rapidly fatal course of 
fulminating meningococcemia with hemorrhagic 
skin lesions and drematory collapse. 

Autopsy findings Include widespread dermal and 
visceral hemorrhage, purulent basilar meningitis, 
and, in older cases, extensive meningeal scarfing 
and hydrocephalus. Meningitis is often absent or 
minimal in cases of fatal meningococcemia, the 
main findings consisting of large hemorrhages in 
the various organs and tissues. Histologic examina- 
tion reveals widespread thrombosis of small vessels 
and numerous areas of necrosis containing large 
numbers of meningococci. The adrenal cortex may 
be grossly hemorrhagic and almost invariably con- 
tains microscopic lesions of severe and extensive 
degeneration. 

Clinical Manifestations. The course of dissemi- 
nated meningococcal infection is highly variable. 
Clinically, there are three main types: meningoCoc- 
ccmifl, meningitis, and fulminating sepsis. 

Meningococcemia. Invasion of the blood by me- 
ningococci may be followed almost immediately by 
meningitis, or patients may be seen during the 
bacteremic stage. Prodromal symptoms of upper 
respiratory irritation are followed by abrupt onset 
of fever, often with a rigor, myalgia, headacbe, 
nausea, and particularly in children, diarrhea. Ex- 
treme tenderness of the soles of tbe feel, without 
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signs of local inflammation, is highly suggestive of 
the disease; many patients are thought in the be- 
ginning to have influenza or some other grippelike 
illness. The diagnosis is facilitated by the develop- 
ment of skin lesions in about three-fourths of the 
cases. The rash, from which the disease derived the 
name "spotted fever,” consists of petechiae of the 
skin and mucous membranes and typical bright 
pink, nonpruritic, tender macules or papules 2 to 
10 mm in diameter over the extremities and trunk. 
These lesions sometimes have hemorrhagic centers. 
Hemorrhagic vesicles and larger cutaneous ecchy- 
moses ("suggiUations”) sometimes occur. Lesions 
may be few, and careful search is essential; in some 
cases, the eruption is so profuse and rapid in onset 
that new lesions can be seen to appear within 
minutes. 

Splenomegaly is inconstant in the early stage; 
conjunctivitis, hemorrhages in the fundus oeuli, 
and arthritis are sometimes present, but joint in- 
volvement is more frequent in the chronic form of 
the disease. 

Chronic meningococcemia is characterized by 
periodic bouts of fever, arthralgia or arthritis, and 
recurrent cutaneous lesions. The disease may con- 
tinue for many months. Splenomegaly Is usually 
present, and each recurrence is accompanied by 
polymorphonuclear leukocytosis. Patients with this 
peculiar infection are usually asymptomatic be- 
tween attacks. The disorder is sometimes mistaken 
for malaria or allergic purpura. The skin lesions 
can take any of the forms described above. The 
majority of patients become asymptomatic after 
several weeks or months even without treatment; a 
few finally develop endocarditis or meningitis. 

il/eningi7is. In most patients, the bacteremic 
stage is followed within a few hours or days by the 
onset of acute purulent meningitis with severe 
headache, nuchal rigidity, nausea, vomiting, dis- 
orientation, and stupor. Impairment of hearing oc- 
curs early, and what appears to be lack of coopera- 
tion or inability to answer questions is sometimes 
attributable to this. There is high fever, respira- 
tions may be periodic, and skin lesions are frequent. 
Signs of meningeal irritation are prominent, but 
papilledema is unusual. 

rulminating Infections. Meningococcemia can 
produce death within a few hours with the Water- 
house-Friderichsen syndrome of bacteremia, mas- 
sive skin hemorrhage, and shock. This triad can 
result from pneumococcal, streptococcal, or other 
infections, but the meningococcus is the usual 
etiologic agent. The complex is commoner in chil- 
dren below the age of five years. 

The onset is abrupt, with fever and nonspecific 
discomfort until dermal petechiae appear and 
rapidly rmlaTge into areas of confluent purpura. 
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The Wood pressure faJJs rapidly, although the sJcin 
may remain warm to the touch. Patients usaiUy 
remain alert. Ordinarily, the infection leads to 
death within several hours. Because bilateral adn:- 
nal hemorrhage is frequently present at autop^, 
and microscopic adrenal necrosis is almost invari- 
able, the role of acute adrenal insufBciency In this 
infection has been much argued. The use of adrenal 
steroids is justified, but therapeutic regimens have 
not been evaluated systematically. In patients who 
recover, oliguria may persist for 18 to 24 hr after 
blood pressure stabilizes, and extensive sloughing 
of the skin lesions or loss of extremities from gan- 
grene often prolongs convalescence. Meningitis is 
not a usual feature. 

Rarely, meningococcal infection may take an 
encephalitic course, in which signs of meningeal 
infection are scanty but e.xlensive cerebral involve- 
ment leads to stupor, coma, and death within a 
few days. Circulatory collapse is not a prominent 
part of the picture, except terminally. Progressive 
signs of neurologic disturbance and papilledema 
are the outstanding manifestations. 

Laboratory Findings. Polymorphonuclear leuko- 
cytosis of 12,000 to 40,000 cells per cu mm Is the 
rule. In meningitis, there is elevation of spinal 
fluid pressure, and the fluid is cloudy (it may be 
clear early in the disease) , containing from a few 
hundred to 40,000 polymorphonudear ceDs per 
cu mm. Protein is elevated, and the glucose content 
is low. Albuminuria and microscopic hematuria are 
not infrequent, and transient glucosuria is sometimes 
present. 

Specific diagnosis depends upon demonstration 
of the meningococcus in smears or cultures of spinal 
fluid or materia] aspirated from skin lesions or 
joints. Smears of body fluids stained with methylene 
blue are useful for detection of the organism, wliich 
is frequently contained in polymorphonuclear leu- 
kocytes; its gram-staining reaction should be con- 
firmed. Confusion sometimes arises with Hemopb’ 
fills influenza (p. 954), or Mimae (p. 972). which 
arc gram-negative and pleomorphic. It is sometimes 
impossible to find meningococci in stained sedi- 
ment of spinal fluid, this absence of organisms is 
more likely to occur in this disease than in any 
other pyogenic infection of the meninges. 

So numerous are meningococci in the blood that 
it is not imusual to find them in smears of buffy 
coat material. The skin lesions often contain many 
organisms also; the skin around tlic lesion should 
3c pinclied up, the lesion punctured, and a drop 
3f tissue fluid (not blood) smeared and stained 

Material taken for culture should be inoculated 
immediately (preferably at the bedside) onto 
chocolate agar and incubated In a candle jar. Me- 
ningococci can usually be cultured from the naso- 
[ihaiynx. 


Complications. Herpes lahialis is common in 
meningococcal infections, particularly in meningitis. 
Urinary' retention is often a problem, and patients 
must, of course, be guarded against tlic usual com- 
plications of coma, including aspiration. 

Chronic hi/drocephahis was formerly seen with 
considerable frequency; it is now rare. Transient 
palsies of cranial nerves occur and usually clear 
completely within 6 weeks. Blindness, hemiplegia, 
myocarditU wth heart failure, and localized me. 
ningococcal infections in other sites are all very 
rare. Deafness of a degree detectable by audiom- 
ctiy is present in about 5 per cent of patients who 
recover from meningitis; It is usually unilateral, 
and severe impairment of hearing is now unusual. 

It Is not unusual for patients to complain of 
fatigability, headache, dizziness, and insomnia for 
many months after recovery. It is believed that 
many of these symptoms result from injudicious 
psychologic management of patients during con- 
valescence. 

Among patients who recover from the IVafer- 
house-Friderichsen syndrome, it is exceedingly rare 
to observe any evidence of adrenal insuflicicncy. 

Diagnosis. The clinical diagnosis of meningococ- 
cal infection is easily made in patients with fever, 
skin lesions, and meningitis. Diseases with which 
confusion can arise include other forms of menin- 
gitis, bacterf.iJ and nonbacteriaJ, endocarditis, the 
common exanthems, subarachnoid hemorrhage, 
rickcllsioses, thrombocytopenic and other purpuras, 
and drug eruptions. Once the meningococcus ts 
suspected as the etiologic agent, the diagnosis can 
usually be established by demonstration of the 
organisms. 

Treatment. ^ITren the clinical diagnosis of mo- 
ningococcal infection has been made and spec}- 
mens have been obtained for culture, specific anil, 
microbial therapy should be instituted immediately. 
Sulfonamides and penicillin are equally effective. 
Sulfadiazine, sulfamerazine, and sulfisoxazolc (Gan- 
tnsin) are excellent agents. In patients with hypo- 
tension and oliguria, dosage should he reduced 
until urine flow is reestablished. Penicillin in a 
dosage of 1.2 to 2.4 million units per day, in dirided 
doses, has the advantage of immediate bactendd.il 
action, in contrast to the 4- to 6-hr delay before 
sulfonamides begin to act; for this reason, peni- 
cillin is preferable in fulminating infections where 
a slight delay may be crucial. Tie initial dose of 
peniallin should be given intravenously to pa- 
tients ^vith circulatory collapse. Chloromycetin, 
the tetracyclines, and other antibiotics are effec- 
tive in meningococcal infections but have not re- 
placed sulfonamides and penicillin as the drugs 
of choice. There Is no advantage to combining 
sulfonamides and penicillin, although this is fre- 
quently done. 
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Supportive therapy includes the usuni precau- 
tions in patients who are delirious or stuporous, 
sedation, and relief of headache with Demerol, 
which is less likely to aggravate urinary’ retention 
than are opiates. Maintenance of fluid balance is 
particularly important if sulfonamides are given; 
the majority of patients are dehydrated when first 
seen because of vomiting and lack of intake. There 
is nothing to be gained by overloading hypotensive 
patients with fluid during the oliguric phase of 
fulminating meningococcal infection. It is ex- 
tremely important to keep a careful record of blood 
pressure and fluid balance in all patients with 
meningococcal disease until a definite therapeutic 
response is evident. 

In patients with overwhelming meningococcemia 
and circulatory collapse, prompt and vigorous anti- 
microbial therapy is the most important step. 
Pressor amines may be given by intravenous in- 
fusion, as may adrenal steroids; the evidence for 
the effectiveness of these hormones is incomplete, 
and recovery has been reported %vithout their use, 
but the usual practice at present is to give them. 
It is worth remembering that individuals with the 
Waterhouse-Friderichsen syndrome are extremely 
susceptible to the local necrotizing action of pressor 
amines, and extravasation into the tissues should 
be carefully avoided. Large amounts of blood and 
plasma wUl not influence the hypotension and 
should not be given. 

The response of meningococcemia to treatment 
is dramatic; defervescence usually occurs within 
24 hr. Patients with meningitis may continue to 
have some fever, disorientation, and meningeal 
signs for 2 to 5 days; this should not lead to a 
change in chemotherapy. Relapse is almost never 
seen, and although documented second attacks of 
meningococcal meningitis have been reported, they 
are extremely rare. 

Prevention. The frequency of carriers and the 
effectiveness of chemotherapy in rendering patients 
noninfectious makes the use of strict Isolation tech- 
nique for meningococcal infections both ineffectual 
and fallacious. As has been mentioned, the whole- 
sale administration of 1 to 2 Gm sulfadiazine will 
reduce the carrier rate and abort an epidemic in a 
closed population. \Vhen continued contacts with 
the genera] public are maintained, however, the 
effectiveness of tin's procedure is likely to be 
transient. 
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117 GONOCOCCAL 
-tl/ INFECTIONS 

Ivan L. Bennett, Jr. 

Definition. Gonorrhea, perhaps the commonest 
bacterial disease of man, Is a pundent inflammation 
of the mucosa of the genital tract caused by Nefs- 
seria gonorrhoeae, the gonococcus. Transmission 
occurs almost exclusively by direct sexual contact 
Other gonococcal infections, all now rare, include 
ophthalmia neonatorum, and several which com- 
plicate venereal infection including perihepatitis, 
arthritis, tenosynovitis, periostitis, endocarditis, 
pericarditis, meningitis, suppurative myositis and 
abscesses of the brain, liver, pleura and other 
tissues. 

Etiology. Neisseria gonorrhocae is a gram-nega- 
tive cocctis which closely resembles the meningo- 
coccus in its nutritional requirements and in giving 
a positive “oxidase” test. It is distinguishable from 
all other Neisseria species by its ability to ferment 
only glucose. In preparations of infected tissue 
or exudate, gonococci appear as reniform single 
cocci or djploeocci, frequently within granulocj’tes 
Most strains arc now resistant to sulfonamides but 
arc susceptible to penicillin, the tetracj’clines, and 
several otlier antibiob'es. 

Epidemiology and Control. Man is the only res- 
ervoir of N, gonorrhocae and, excepting ophthalmia 
neonatorum which is acquired from the mother at 
parturition, venereal transmission is so universal 
that the presence of infection is prima facie evi- 
dence of sexual contact. Gonococci die rapidly out- 
side the body, and save in extraordinarily rare 
instances, the disease is not acquired from toilet 
articles, instruments, or fomites. 

Acute gonorrhea in cither sex may become vir- 
tually asjTnptomatic for months or jears without 
disappearance of the bacteria, a fact of much 
epidemiologic importance. Immunity to reinfection 
is negligible; chronic carriers can be reinfected 
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experimcnfally witli acute gonorrhea, and particu-' 
larly among males, repeated attacks are common. 
For statistical purposes, public health authorities 
usually differentiate relapse and reinfecthn on the 
arbitrary basis of recurrence of acute ^nnptoms 
less (relapse) or more (reinfection) than 1 year 
after the initial disease. 

All males exposed to an infected female are not 
necessarily infected; prolonged coitus and acute 
alcoholism are believed to enhance contagion. 
The intraurelhral inoculation of gonococci in nearly 
230 male volunteers was followed by clinicsd 
gonorrhea wth laboratoiy confirmation of infection 
in only about one-Uiird of the subjects. The inci- 
dence of gonorrhea among prostitutes Is about 20 
per cent. 

There are probably between 1 million and 2 mil- 
lion new gonococcal infections in the United States 
annually. Acute gonorrhea can he cured with rela- 
tively small doses of perucillin, but while its re- 
ported incidence in the years since chemotherapy 
came into use is lower, decrease is in no way 
as dramatic as that of syphilis. Tlie major reason 
for this is incomplete reporting of the disease. This, 
In turn, is attributable to the ready avaflabih'ly of 
curabve drugs from nonmedical sources, to the 
svidespread belief that gonorrhea is a trivial aSliC' 
tion, to the difficulty of diagnosing all cases in 
females, and to the efforts of some physicians to 
"protect a patient’s good name” by not reporting 
the disease. Even the use of intensive, spedalized 
techniques such as so-called "speed zone" epidemi- 
ology which is successful in locating and treating 
85 per cent of contacts of known cases with/n 72 
hr has not overcome this difficulty. 

Tlie peculiarities of gononhea as a public health 
problem have been well summarized by Carson 
and Thayer who point out the four prindples in 
cumStnllirg' \ajm.*agivnT/ .inwrowivaaiuiv, 

eradication of animal reservoirs or vectors, and 
specific therapy. Quarantine is out of the question 
politically, let alone impossible in view of incom- 
plete case finding. Artificial immunization is lack- 
ing, and more important, an attack of gonorrhea 
confers no natural resistance to reinfection. Man 
IS the only reservoir. The end result of specific 
treatment of gonorrhea, then, is a return to the 
population of nonimmune susccptihles within a few 
days and a sharp increase in reinfections in any 
given year. These remfections increase inddence 
and morbidity figures, and the disease maintains 
itself in the population. Tlicre is probably no more 
striking illustration than gonorrhea of the failure 
of spc^c treatment alone to eradicate a com- 
municable disease. 

Pathogenesis and Anatomic Changes. Conococci 
multiply on columnar epithelium, accounting for 


"slip areas" such as the vagina in genital infections. 
In tortuous passages, where drainage is poor, copi. 
ous amounts of purulent exudate will accumulate, 
there is no pathognomonic histologic change. Ure.. 
tbntis in the male becomes established as tb^ 
lu-ethral glands are involved; spread to the prostate 
seminal vesicles, Cowper’s glands, epididymis, and 
rarely, tlie testicle can occur. Female urethritis ij 
usually transient, presumably a result of the absencxi 
of urethral glands. The vagina in adults is spared 
(although in children, vaginitis is frequent). Com 
orrhea persists as a cervicitis. Abscesses of Skene's 
or Bartholin’s glands occur, but gonorrhea is not 
the commonest cause of this type of infection. Th^ 
endometrium is spared, but salpingitis, oophoritis 
pelvic or general peritonitis, and perihepatitis can 
occur. Proctitis is commoner in females, cystitis, 
pylonephritis, and perinephric abscess have always 
been very rare. 

Gonococcal infbmmations tend to heal by densn 
scarring, and residuals such as urethral stricture, 
Donpatency of fallopian tubes, sterility after epididyv 
nutis, and "violin-string'’ peritoneal adhesions may 
result. 

It is probable that transient, asymptomatic gonv 
ococcemia accompanies many genital infections 
Occasionally, a syndrome resembling meningococ. 
cemia occurs. All metastatic gonococcal infections 
are becoming very rare incJudmg arthritis, ^eno^ 
^ovitis, bursitis, suppurative myositis, periostitis, 
meningitis, brain and liver abscess, endocarditis, 
pericarditis, suppurative myocarditis, pneumonia, 
empyema, and keratodermia blennorrhaglca, a pe' 
cuJiar necrotizing hyperkeratosis of hands and wt. 

Manifestations. Genital and )oint disease are the 
only gonococcal infections often encountered, at 
present, and even arthritis is diminishing rapidly 
in frequency. Gonococcemia, endocarditis, peri- 
.bfpuiattir -w .(swaaW, .nns’ tfp\hiVsnlrak\5f avs? ilininat 
curiosities, but because of the importance of recog- 
nizing these rare syndromes, they are described 
below. 

Gonorrhea in the Male (“Ciop" or ‘"Strain’'). The 
incubation period is 3 to 7 days. Severe burning on 
urination and copious purulent urethral discharge 
are followed by retention, stranguria, penneal 
pain, hematuria, chordee, and local spread. Acute 
prostatitis is unusual as is seminal vesiculitis, but 
unilateral epididymitis complicates 5 to 10 per 
cent of untreated cases. Ordinarily, the untreated 
disease subsides gradually within 6 weeks with 
disappearance of gonocoed or development of a 
chronic carrier slate, organisms usually persisting 
in the prostate. 

Urethral stricture is a common sequel, especially 
if there are repeated attacks. Gonorrhea is an afe- 
brile disease but high fever, even chills, accompany 
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epididymitis. A sliglit urethral discharge, evident 
in ihc morning, may persist for many months (the 
so-callcd gleet). 

Conorrhea in the Female (Pelvic Inflammatory 
Disease, P.I.D.), Gonococcal infection m the fe- 
m.nle often involves transient urethritis, but medical 
advice is sought usually for cerojcftis, manifested by 
copious, irritating leukorrhca, acute salpingitis with 
or without tubal abscess (“pus tube”), pelofc perito- 
nitis with abdominal pain and fever, or more rarely, 
proctitis, manifested by tenesmus and bloody, mu- 
coid stools. The end result of the infection in 
females is very likely to be sterility. 

Arthritis. Gonococcal arthritis, although classic- 
ally characterized as monoarticular, is polyarticular 
in 80 per cent of the cases. It may begin with insidi- 
ous, fleeting arthralgias or the sudden onset of fever 
and red, hot, swollen, exquisitely painful arthritis. 
The joints involved in order of frequency are knees, 
ankles, wrists, hips, shoulders, spine (especially 
cervical), sternoclavicular, and temporomandibu- 
lar. Tenosynovitis accompanies 50 per cent of cases, 
and its presence should immediately alert the 
clinician to the possibility of gonococcal etiology. 

Careful bacteriologic study reveals gonococci 
in, at best, about one-half of joint fluids, and the 
synovial exudate ranges from frankly punilent to 
straw-colorcd, containing only a few granulocytes. 
The severity of genital disease seems to play no 
part in arthritis. A history of recent gonorrhea is 
occasionally obtained, but arthritis may precede 
venereal manifestations or may follow them by 
several months. Perhaps because of tenosynovitis as 
well as the agonizing pain that accompanies the 
slightest movement, flexion contractures and muscle 
atrophy develop with great rapidity in gonococcal 
arthritis, an important factor in rehabilitation. Re- 
sponse of symptoms to penicillin may be dramatic 
or very gradual. 

There is still some support for the occurrence 
of two forms of arthritis in gonorrhea, one a local 
infection, the other a "hypersensitivity” response. 
The facts are unknown. Occasionally, confirmed 
gonococcal arthritis appears to undergo a direct 
transition into clinically typical rheumatoid arthritis, 
especially in young women. Rather than interpret- 
ing this as evidence for gonococcal etiology of some 
cases of rheumatoid disease, it is best to regard 
this event as coincidence. 

Ophthalmitis. From 15 to 20 per cent of patients 
with gonococcal arthritis have a nonpurulenl con- 
junctivitis from which bacteria cannot be cultured. 
Purulent gonococcal ophthalmia in adults is ex- 
tremely rare and responds well to treatment. 

Ophthalmia neonatorum was formerly respon- 
sible for about 12 per cent of blindness throughout 
the world. Characterized by onset within 72 hr 


after birth of periorbital edema, purulent con- 
junctivitis, and a tendency to rapid corneal ul- 
ceration, the disease has been virtually eliminated 
by Crede prophylaxis, the instillation of 1 per 
cent silver nitrate or, presently, penicillin into the 
eyes of all newborn infants. Inclusion blennorrhea 
(p. 1175), a viral disease, rarely appears less than 
5 days after birth and should never cause diagnostic 
confusion. 

Perihepatitis (FUzhugh-Curtis Syndrome). This 
is an unusual complication resulting from spread 
of the gonococcus to the upper abdomen in fe- 
males. From 1 to 2 months after venereal infec- 
tion, there is abrupt onset of fever, leukocytosis, 
and right upper quadrant manifestations of pain, 
tenderness, and muscle spasm. Right shoulder pain 
is frequent, and a friction rub is often audible 
over the liver. Cholecystograms usually show no 
filling of the gallbladder, leading to confusion with 
cholecystitis in many patients. There is no jaundice. 

Symptoms subside promptly with specific treat- 
ment or gradually within 2 weeks without treat- 
ment. This complication is the cause of viobn-string 
perihepatic adhesions. 

Bacteremia and Endocarditis. Very rarely, gono- 
coccemia results in a febrile illness, occasionally 
relapsing, that is so closely similar to mcningococ- 
cemia that differentiation on clinical grounds is 
not possible. ChiDs, fever, transient artl^Us, leu- 
kocytosis, and a papular, purpuric, petechial rash 
(from which lesions gonococci can be smeared or 
cultured) complete the picture. 

Gonococcal endocarditis was five times as com- 
mon in males as in females, accounted for 10 to 20 
per cent of cases of acute bacterial endocarditis, 
and has virtually disappeared with the availability 
of specific treatment for gonorrhea. The course is 
sometimes subacute, but gonococci usually attack 
valves that are previously normal. The infection 
is commonest on the aortic valve, and the gonococ- 
cus is the organism most likely to affect the tricuspid 
or pulmonary valve. In addition to peteohiae, glo- 
merulonephrids, embolic phenomena, anemia, and 
splenomegaly, two clinied features of gonococcal 
endocarditis may suggest the diagnosis. Jaundice 
is wry common (presumably a “toxic" hepatitis), 
and more than one-half of patients show a char- 
acteristic febrile pattern consisting of two distinct 
spikes of fever during each 24-hr period (the 
church-steeple or double quotidian pattern; the 
double daily hump). This pattern is not seen in 
gonococcemia xvithout endocarditis; it occurs in 
kala-azar (p. 1202) and in occasional patients witli 
miliary tuberculosis. 

Laboratory Findings and Diagnosis. The diag- 
nosis of gonococcal infections is established by 
demonstration of N. gonorrhoeae in smears or cul- 
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turcs o£ exudate from iirctlira, cervix, c)e, serous 
cavaly, or blood. Cultures should be planted 
quickly on Pizer’s agar, chocolate agar, or one of 
several as^iilable commercial media for neisserias 
and incubated in a candle ]ar at 37*0. Large 
inoculums wJl facilitate isolation. Tlie gonare- 
octwn (gonococcal complement fixation test) is 
sometimes helpful in differentiating gonococcal 
from other types of artlirilis, but it has never been 
standardized. 

Ileiter's disease consisting of urethritis, arthritis, 
and conjunctivitis is discussed on p. 1907. Pelvic 
tuberculosis can cause a picture not unlike Uiat 
of “P.l D." but, along with acute appendicitis, an- 
other disorder that may cause confusion, it can 
usually be distinguished from gonorrhea. 

The diagnosis of gonococcal arthritis often comes 
from a therapeutic trial of penidUin, although 
culture of the gonococcus, presence of tenosynoxi- 
tis, positive gonoreaction, failure to demonstrate 
rheumatoid factor (p. 1911), lack of diagnostically 
significant response to salicylates or colchicine, and 
absence of carditis are all helpful in recognition. 

Treatment. Fcmcillm i$ the drug of choice in alt 
gonococcal infections. 

For gonorrhea in males, a single injection of 
600,000 to 1 2 million units of depot penicillin 
and for females, tsvo \xeckly injections of 1.2 milL'on 
units are sufficient. A repetition of therapy will 
cure nearly all relapses, A similar regimen suffices 
for ophthalmia. 

Gonococcal arthritis should bo treated with 1.8 
to 2.4 million units of aqueous peniciUin paren- 
terally for 7 to 14 d.nys Ilesponse may be gradual, 
and therapy should not be stopped because symp- 
toms are slow to subside. Intrasynovial pcnidlbn 
IS not required. 

The optimum dosage in gonococcal endoc.irditis 
is not known, but 4 million to 10 million units dailjv 
for 4 to 6 weeks is recommended. 

Appropriate surgical procedures for localized 
suppurations, urethral strictures, and scarring of 
the female Internal genitalia and attention to res- 
toration of muscle strength and joint mobility in 
arthritis (see p. 1914) are, of course, important. 

One of the tetraej'dines can be substituted in 
patients with hypersensitivity to peniciUin. 

Artificial fever is no longer needed in the manage- 
ment of gonococcal disease. 

\\’hen boUi syphilis and gonorrhea ore contracted 
by the same exposure, as has occurred in the past 

I as many as 3 per cent of cases, gonorrhea be- 


comes clinically evident during the incubation p^. 
riod of syphilis. Incipient syphilis is usually aborted 
Iw the dosage of penicillin given, but masking 
without cure can occur, and serologic tests for 
Syphilis should be performed on all patients treated 
for gonorrhea before therapy and at regular inter, 
vals for 6 months. The onset of chills and fever 
in a patient given penicillin for gonorrhea is 
higlily suggestive of a syphilitic Herxheimer reac- 
tion (p 1070). 

Prevention. The problems of control liave been 
discussed under Epidemiology. The administration 
of 230,000 units of oral penicillin to all individu.ils 
given furlough or to all individuals reporting sexual 
exposure has been employed in the Armed Forces, 
not, how'cver, without strenuous objections on 
moral grounds by civilian groups. Presently, it ij 
common practice in clinics to administer penicillin 
to every sexual contact of a diagnosed case of 
gonorrhea without awaiting laboratory confirmation 
of the diagnosis in these contacts. Considering the 
numbers of individuals involved, this seems en- 
tirely permissible and, In practice, allergic reac. 
tions to the drug have not proved to be a significant 
drawback. 
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Section 4: Diseases Produced by 
Enteric Gram-negative Bacilli 


1 1 Q COLIFORM BACTERIAL 

lio infections 

Ivan L. Bennett, Jr. 

Etiology. The coliform bacteria are gram-nega- 
tive bacilli which normally inhabit the human 
intestinal tract; similar organisms that occur in 
soil or vegetation arc olten included in the group. 
The best-known coliform bacilli are Escherichia 
coli (the colon bacillus) and Acrohacter (Kleb- 
siella) ecrogencs (p- 938). Tliese two species fer- 
ment lactose, and although they are harmless 
saprophytes in the intestinal tract, both are capable 
of producing severe infections if introduced into 
other tissues. The ability to ferment lactose was 
formerly regarded as an important differentiatuig 
characteristic between the saprophytic colifonns 
and the non-lactose*fcrmenting enteric pathogens 
of the salmonella and shigella groups. It is s^ a 
useful properly in tlie laboratory, but it is now 
recognized that there is no sharp biochemical and 
antigenic dividing line between pathogenic and 
nonpathogenlc species, but rather there is a gradual 
transition through an intermediate group of organ- 
isms, the “paracolon” bacilli. These organisms fer- 
ment lactose slowly or not at all; the so-called 
Arizona, Ballerup, Bethesda, and Providence bac- 
teria are paracolon bacilli. Biochemically or even 
serologicaUj', many of them are extremely difficult 
to distinguish from Salmonella species. The para- 
colon bacilli can produce pyogenic infections in 
extrainlestinal sites, and evidence indicates that 
some are capable of producing gastroenteritis in 
man. 

The tests commonly employed in differentiating 
the members of the coliform group are sugar fer- 
mentation, the Voges-Proskauer reaction, methyl 
red test, citrate utilization, and serologic identifica- 
tion. Alcahgenes faecalis is another normal colifonn 
inhabitant of the bowel which does not ferment 
lactose and is sometimes confused with enteric 
pathogens on SS or desoxycholate agar plates. 

Because the types of infections produced, sus- 
wpbbih'ties to chemotherapeutic agents, and gen- 
eral clinical import are closely similar for £. coli 
and A. aerogenes, it is customary in many labora- 
tories to report a culture as containing "coli- 


aerogenes” bacilli without differentiating between 
them. 

The presence of coliforms in water or milk is 
presumptive evidence of fecal contamination in 
public health and sanitary bacteriologic testing. 

Pathogenesis. These organisms can be trans- 
ported from the intestinal tract to other parts of 
the body by way of the lymphatic vessels or blood 
stream, or they may be spread by fecal contamina- 
tion. Histologically, the lesions produced in various 
body tissues show typical acute inflammation with 
pus and abscess formation. There is a common 
misconception that coliform bacterial infections are 
characlenzed by a foul-smelhng, feculent exudate. 
Such an odor is caused by anaerobic streptococci 
or Bacteroides species vvhich are often associated 
with colifonn bacteria in mixed uifections. 

Manifestations. VtinaTij Tract Infections. Coh- 
form bacUli are the commonest infecting agents in 
pyelonephritis and cystitis. The route by which 
these organisms reach the urinary tract from the 
bowel is usually by introduction into the urethra, 
often by catheters or other instruments. The fre- 
quency of pyelonephritis in young girls is believed 
to be accounted for by the combination of a short 
urethra and fecaj soiling. The pathogenesis, clinical 
manifestations, complications, and treatment of 
pyelonephritis are discussed in detail on p. 1035. 

Appendicitis and Peritonitis. Coliform organisms 
can nearly always be cultured from the exudate of 
an appendiceal infection, from diverticulitis, and 
from the peritoneum after perforation of a viscus. 
Often, they are found in mixed culture with an- 
aerobic streptococci and clostridia. It is difficult to 
assess the role of various bacteria in mixed infec- 
tions of this type, but there is no doubt about tlie 
ability of coliforms to infect serous cavities. 

Biliary Tract Infections. Colifonn bacilli are tlie 
common etiologic agents in obstructiv'e cholangitis. 
So-called “Charcot’s intermittent fever” may be 
seen in this condition, and liver abscess is one of 
its complications (see p. 1698). 

Omphalitis. Infection of the umbilical stump in 
newborn infants by colon bacilli can lead to fatal 
bacteremia (\Vinckers disease). 

Bacferemia. While organisms can invade the 
blood in almost any type of coliform infection, bac- 
teremia is especially common in pyelonephritis. It 
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often begins with a rigor and high fever. Most pa- 


tients arc prostrated, slight icterus is not uncom- 
mon, and even after a single transient episode, 
hypotension of several hours duration is often ob- 
served. 

Profound circulatory collapse is far more likely 
to complicate bacteremias due to gram-ncgallve 
organisms, including coliform bacilli, pseudomonas, 
proteus, salmonellas, and others (see Menmgacoo 
cemia, p. 925), than it is with gram-positive spe- 
cies. Shock is more frequent in older individuals 
and carries a poor prognosis. Tliis type of infection 
is especially likely to occur in elderly men follow- 
ing operative procedures on the genitourinary tract. 
There is no specific treatment; pressor amines and 
adrenal steroids should be given and moderate 
amounts of whole blood or plasma arc permissible. 
These measures sliould not lead to neglect of the 
important step of initiating vigorous antibacterial 
therapy. 

Circulatory collapse, especially that attended by 
severe dyspnea with or without pulmonary edema, 
is often the first manifestation of gram-negative 
bacteremia In elderly patients, fever may be ab- 
sent or low, and there may be no peripheral leuko- 
cytosis. leading to delay in recognition of tlie in- 
fectious etiology of tlie circulatory disturbance 
which IS often first attributed to pulmonary embo- 
lism, coronary occlusion, cerebrovascular accident, 
or internal bleeding. 

Tbe sudden onset of shocA-, dyspnea, or pu/mo- 
nary edema in a patient with diabetes, urfnory tract 
infection, disease of the biliary tract, leukemia or 
other blood d)'scrasia, or history of recent alwrtion 
Of abdominal suppuration should immediately call 
to mind the possioility of infection. 

Escherichia coll bacteremia is occasionally Seen 
in patients with bep.atic cirrhosis in the absence of 
any obvious primary focus of infection. The mecha- 
nism of entry of the bacilli into tbe blood in these 
patients is unknown. 

Pijogenlc Infections. Coliform organisms are ca- 
pable of producing abscesses in various parts of 
the body (see p 1029). Diabetic patients arc par- 
ticularly prone to infection by these organisms, and 
small abscesses at the sites of insulin injections are 
sometimes seen. Coliform infection frequently com- 
plicates and greatly worsens ischemic gangrene of 
the extremities. An interesting and important fea- 
ture of coliform mfections and abscesses in diabetes 
(and occasionally in nondiabetic patients) is the 
production of large amounts of gas in the tissues; 
crepitation is often detectable, and the gas may be 
visiKihred by x-ray. It has been suggested that the 
gas production is related to high glucose content 
i>f diabetic tissues. An erroneous diagnosis of clos- 
tridial infection is often made in tliese efreum- 
stanccs. 


Cos/roinicstinal Disease. Tlierc are several goo^j 
epidemiologic studies incriminating certain strains 
of E. coli in the etiology of epidemics of neonatal 
diarrhea. In several outbreaks of adult gastroen. 
teritis, there has been highly suggestive evidence 
that a paracolon bacillus produced the illness. I(i 
view of the close resemblance of some paracoloi; 
bacilli to the s-ilmonclla group, it is not surprising 
that occasional strains might produce gastroenfert. 
tis in man. 

Treatment. The management of bacleremic shocl^ 
has been discussed. The incision and drainage of 
localized suppurations are important in colifom) 
infections. The general measures for pyelonephrib's 
are discussed on n. 1038. 

A variety' of chemotherapeutic agents is avail, 
able, but none is regularly effective against alj 
coliform bacilli, and in any serious infection, th?. 
drugs should be chosen with the guidance of sensi. 
tivity tests of the infecting strain. Chloramphenicol 
or one of the tetracycline derivatives in an oral 
dosage of 2 Cm daily, alone or in combination vv’ith 
1 to 2 Cm streptomycin intramuscularly, is likely 
to be effective. Nitrofurantoin and the sulfona, 
mides are sometimes effective for urinary tract 
infections. Neomycin and kanamycin arc toxic but 
are usually highly effective against organisms of 
this group and arc vvorth using in any serious, 
uncontrolled infection. 
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PROTEUS INFECTIONS 
Robert G. Petersdorf ami 
Ivan L. Bennett, ]t. 

Etiology. Tlie gemis Proteus consists of pleomor- 
phic gram-negative bacilli which do not ferment 
lactose and are characterized by their active mo- 
tility and spreading growth upon sohd media. 
There are four pathogenic species: P. mirabilh, 
P. vulgaris, P. morganfi, and P. rettgeri. Proteus 
mhabtlis is the most frequent cause of infections 
in man and is distinguishable from the other three 
species by its inability to form indole. All species 
split urea, with production of ammonia. Some 
strains of P. vulgaris share a common antigen with 
certain rickettsias, accounting for the appearance 
of antibodies against protcus organisms (Weil- 
Felbc reaction) in typhus, scrub typhus, and Rocky 
Mountain spotted fever. 

Epidemiology and Pathogenesis. Members of tlie 
genus Protews arc normally found in soil, water, 
and sewage and are part of the normal fecal flora. 
Occasionally, proteus organisms have been impli- 
cated as a cause of epidemic diarrhea in infants, 
but the evidence for this is inconclusive. The or- 
ganism is frequently cultured from superficial 
wounds, draining ears, and sputum. It tends to 
form colonies in patients who have received anti- 
biotics and replaces the more susceptible flora 
eradicated by these drugs. Proteus often localizes in 
already damaged tissues where it produces a typical 
exudative inflammatory reaction. 

Manifestations. Proteus is rarely a primary in- 
vader but produces disease in locations previously 
infected by other organisms. These include the sldn. 
ears and mastoid sinuses, eyes, peritoneal cavity, 
urinary tract, meninges, and blood stream. 

Cutaneous Infections. Proteus organisms are fre- 
quently isolated from surgical wounds, particularly 
following antimicrobial therapy. They do not inter- 
fere with normal wound-healing prov’ided that the 
tissues are viable and foreign bodies are not pres- 
ent. Bums, varicose ulcers, and decubiti may be- 
come contaminated with proteus often in company 
with other gram-negative organisms or staphylo- 
cocci. 

Infections of the Ears and Mastoid Sinuses. Otitis 
media and mastoiditis in which proteus is present 
may result in extensive destruction of the middle 
ear and mastoid sinuses. Febd otorrhea, cholestea- 
toma formation, and development of granulation 
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tissue contribute to a chronic focus of infection in 
the middle and inner ears and mastoid and may 
culminate in deafness. Paralysis of the facial nerve 
is an occasional complication. The great danger of 
these infections lies in intracranial extension, lead- 
ing to thrombosis of the lateral sinus, meningitis, 
brain abscess, and septicemia. 

Ocular Infections. Proteus may cause comeal ul- 
cers, usually following trauma to the eye. If exten- 
sive, these ulcers may terminate in panophthalmitis 
and destruction of the eyeball. 

Peritonitis, Proteus organisms may be isolated 
from the peritoneal cavity following perforation of 
the appendix and bowel or mesenteric infarction. 
Presumably this represents soilage of the perito- 
neum by intestinal flora. 

Urinary Tract Infections. Proteus organisms are 
common pathogens m the urinary tract and account 
for 15 to 25 per cent of all urinary tract infections. 
In general, these organisms are isolated from pa- 
tients witli recurrent pyelonephritis — most com- 
monly those with obstructive uropathy, a history of 
instrumentabon of the bladder, and repeated 
courses of chemotherapy. At times, proteus is 
found in pabents with ostensibly normal excretory 
systems. Many of these patients have diabetes mel- 
litus, suggesting a predisposition to proteus urinary 
tract Infections in patients with this metabolic dis- 
order. Proteus is also often cultured in pabents 
with renal or bladder calculi. This may be due to 
the ammoniagenic property which renders the 
urine alkaline and provides a fertile medium for 
formation of the ammonium-magnesium-phosphate 
stones. 

Bacteremia, Blood stream invasion by proteus is 
the most serious manifestation of infection with this 
organism. In 75 per cent of cases, the urinary bact 
serves as the portal of entry, in the remainder the 
biliary tree, gastrointestinal tract, ears and sinuses, 
and skin are the primary foci Proteus bacteremia is 
frequently preceded by cystoscopy, urethral cathe- 
terization, transurethral prostatfc reseebon, or 
other operative procedures. Clinically, the signs, 
symptoms, and laboratory findings of proteus sepsis 
— high fever, chills, shock, metastatic abscesses in 
remote locations, leukocytosis, and occasionally 
thrombocytopenia — are indistinguishable from 
blood stream infecb’ons with other gram-negative 
bacteria. 

Diagnosis. The diagnosis of proteus infection de- 
pends on culture of the organism from blood, 
urine, or exudate and its identificalion by appropri- 
ate biochemical tests. It is especially important to 
separate P. tnirobiZfs, the indole-negative species, 
from P, morganii, rettgeri, and vulgaris, which are 
indole-positive, since only P. mirahilis is susceptible 
to the action of penicillin. Proteus is often present 
in mixed infections with other pathogens. Particu- 
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lar care should be erercised fn the isohtion of other 
organisms growing in the same medium with pro- 
teus lest Uiey be masked by its spreading growth. 

Treatment. The majority of strains of P. mlrahilis 
is sensitive to 10 units of penicillin per milliliter, 
a ler'eJ tvhich can be easily attained in blood and 
tissues by the use of large intravenous doses cou- 
pled wth probenecid. Most strains of this species 
arc also inhibited by cliloramphenicol and a few by 
streptomycin. There is some evidence that peni- 
cjlin and chloramphenicol exert a synergistic anti- 
bacterial eiTect against some strains. On the basis 
of these data, mild P. mlrahihi infection should be 
treated with cliloramphenicol, 0.5 Cm csery 6 hr 
by mouth. Streptomycin can be added to this regi- 
men if the organism is sensitive to this agent. In 
life-threatening or refractory P. mfrobilis infections. 
20 million units of penicillin a day should be given 
intraven&usly and 2.0 Gm probenecid adminis- 
tered. It should be pointed out that most antibiotic 
sensitivity disks contain less than 10 units penicil- 
lin per milliliter, and tube dilution tests shoiJd be 
used to determine the sensitivitj’ of prolcus to 
pemciUm. Most strains of protcus other than P. mir- 
abihs are highly resistant to all antibiotics including 
penicillin and arc susceptible only to kanamyein. 
This agent should be given intramuscularly in 
dos.ige of 0.5 Gm every 6 hr to all patients with 
Serious pcnicillm-resistant proteus infections. Its 
toxicity to the eighth nerve and kidneys places a 
limitation on the duration of therapy. As with all 
.iticnts with severe infection, close attention most 
e given to fluid and electrolyte status, adequate 
protein intake, and drainage of pus. In some uri- 
nar)’ tract infections, the organism is sensitive only 
to nitrofurantoin, which may be given In dosage of 
100 mg four times a day. 
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1 OA PSEUDOMONAS 

iau infections 

Itohert Q. Petersdorf and 

Ivan L. Bennett, Jr. 

Etiology. Pseudomonas aeruginosa is a gram- 
negative motile rod which Is not encapsulated and 
forms no spores. It grows readily in all ordinaiy 
culture media and on agar it forms round, 
smooth, glistening colonies which have a fluores- 
cent yellow-green color bec.-iuse of diffusion into 
the medium of a blmsh-green pigment composed 
of two substances: pyocyanin and fluorescin. Pseu- 
domonas produces acid but no gas in glucose; it 
liquefies gelatin, produces ammonia, and grows in 
citrate m^ium. It is indole, methyl red. and Voges- 
Proskauer negative Of more than 30 species, P. 
ocruginora is tlie only one pathogenic for man. 

Epi'demiolofy. Pseudomonas organisms are piw- 
ent on the skin of some nonnal individuals, par- 
ticukirly in the axillas and anogenital regions. They 
are uncommon in the stools of adults unless they 
are receiving antibiotics. In the majority of in- 
stances, pseudomonas is cultured as a relatively avir- 
ulent secondary contaminant fn superficial wounds 
It is also not uncommon to find this organism in 
the respiratory tract of patients treated with anti- 
biotics. Ordinarily this is of no consequence, since 
the organisms merely fill the bacteriologic vacuum 
left by the elimination of more sensitive bacteria 
Occasionally, however, supermfections (p. 8S5) 
vvilb pseudomonas occur in the ear, lung, or slin 
of patients after the primary patliogen has been 
eradicated by antibiotics. Serious infections with 
pseudomonas aie almost invariably associated with 
damage to local tissue or diminished resist.ance in 
the host. Premature infants, children with congeni- 
tal anomalies, patients with leukemia — usually re* 
ceiving antibiotics, adrenal steroids, or antimetabo- 
litcs — and geriatric patients with debilitating 
diseases are prone to develop infection with this 
organism. Most pseudomonas infections occur in 
the hospital environment, and the organisms have 
been cultured from a variety of sources in hospitals, 
including water from laboratoiy sinks and wasli 
basins, antiseptic solutions, particukarly alkyl- 
dimethyl-benzyl ammonium chloride (Zephiran). 
fluorescein, saline, penicillin, and a variety of other 
medications. It is particularly prevalent in urine 
receptacles, catheters, and on the hands of order- 
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lies, nurses, and surgeons on urologic Arards, and 
several outbreaks of pseudomonas urinary tract in- 
fections have been reported in this locale — presum- 
ably transmitted from patient to patient by human 
carriers. Similar epidemics hav'e been reported in 
premature nurseries. By means of bacteriophage 
and serotyping techniques, these epidemics have 
been traced to a few specific strains and resemble 
the spread of nosocorm'd strains of staph 3 ’Iococci m 
hospitals. 

Pathogenesis. The portal of entry of pseudo- 
monas varies with the patient’s age and under- 
ijing disease. In infancy and childhood, the skin, 
umbilical cord, and gastrointestinal tract predomi- 
nate, while the urinary tract is most often tlie 
primary focus in old age. Many superficial pseu- 
domonas infections remain localized to the sldn 
or subcutaneous tissues. Hematogenous dissemina- 
tion is characterized by a typical histologic picture 
consisting of infiltration of the arterioles with bac- 
teria, thrombosis of the vessels, and infarction and 
necrosis of tissue accompanied by sparse cellular 
exudation. 

Manifestations. Pseudomonas infections occur in 
many locations, including the skin, subcutaneous 
tissue, bone and Joints, eye, ears, mastoid and para- 
nasal sinuses, meninges, and heart valves. Sepsis 
without a predominating primary focus may also 
occur. 

Infections of the Skin and Subcutaneous Tissues. 
Pseudomonas is frequently cultured from surgical 
wounds, varicose and decubitus ulcers, and bums. 
Draining tuberculous or osteomyelitic sinuses also 
tend to become secondarily infected with this or- 
ganism. The mere presence of pseudomonas in 
these sites is of L’ttle significance provided that 
bacteremia does not ensue. Cutaneous infections 
usually heal following removal or slough of de- 
vitalized tissue. 

Infections of the Car, Mastoid and Paranasal 
Sinuses. Otitis externa is the most common form of 
pseudomonas infection involving the ear. It is par- 
ticularly troublesome in tropical clim-ifes and is 
characterized by chronic scrosanguincous and pu- 
nilcnt drainage from the external auditory canal. 
Hearing may be impaired. Otitis media or m.is- 
toiclitis is usually a superinfection follovWng eradi- 
cation of pneumococci, streptococci, or staphylo- 
cocci by antimicrobial agents. Frequently pseudo- 
monas is present in association vvilli other gram- 
negative organisms. 

Infection of the Eye. Comeal ulceration is the 
most severe form of ocular pseudomonas infection. 
It usually follows a traumatic abrasion and may 
terminate in panophthalmitis and destruction of 
the globe. Purulent conjunctivitis may occur as a 
manifestation of pseudomonas infection in prema- 
ture infants. 
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Vrinartj Tract Infections. Pseudomonas is a 
common patliogen in the urinarj’ tract and is usu- 
ally found in comphcaled infections, i.e., in pa- 
tients with obstmetive uropathy or oilier structural 
abnormality who have been subjected to repeated 
urethral manipulations or surgery and who have 
received multiple courses of antibiob'es. In this 
situation, pseudomonas is often present m associ- 
ation with otlier urinary pathogens such as Escher- 
ichia coU or organisms of the genus Klebsiclia or 
Proteus. A detailed description of pyelonephritis 
is given on p. 1035. 

Gastrointestinal Tract. Pseudomonas has been 
implicated as the cause of epidemic diarrhea of 
infancy. In addition, a number of infants dving 
from unexplained causes have the classical necrotic, 
av'ascular ulcers of pseudomonas infection in the 
bowel at autopsy. Antibiotic therapy may predis- 
pose to development of pseudomonas enteritis. A 
"t)'phoidal'’ form of pseudomonas infection charac- 
terized by fever, mj-algia, and diarrhea occurs pre- 
dominanUy in the tropics. This illness, also called 
"thirteen-day fever" or “Shanghai fever” is self- 
limited, and the prognosis is good. 

Bcspiraforij Tract. Primary pseudomonas pneu- 
monia probably does not occur, and culture of this 
pathogen from the sputum usually represents scc- 
ondaiy’ mvasion The organism is generally isolated 
from patients with broncliiectasis, clironic bron- 
chitis, and tystic fibrosis who have lingering infec- 
tions punctuated by multiple courses of chemother- 
apy. Pseudomonas bronchitis and bronchiolibs fol- 
lowed by hematogenous spread is a frequent mode 
of death in C)’Stic fibrosis. 

Meninp’lis. Spontaneous pseudomonas meningitis 
is most unusual, but the bacilli may be introduced 
into the subarachnoid space by lumbar puncture, 
spinal anesthesia, or head trauma. Vcntriculomas- 
told shunts performed for hydrocephalus may be 
contaminated vxith pseudomonas, ^icningitis is of- 
ten a terminal phenomenon in pseudomonas sepsis 

Bacteremia. Blood stream invasion by pseudo- 
monas tends to occur in debilitated patients — pre- 
mature infants, cliilclren with congenital defects. 
p.atienls with lymphomas and leukemias, and elderly 
patients who have undergone surgery of the biliary 
or urinary tracts. Pseudomonas bacteremia is an 
important cause of death In patients with severe 
bums. In adults, pseudomonas bacteremia is indis- 
tinguishable from blood stream infection vs ilh other 
bacterial species. Hectic fever, true rigors, shock, 
and leukosytosis arc present in most cases. Meta- 
static abscesses in Uie kidnej'S, lungs, adrenals, and 
intestine are common. Dissemination of the organ- 
ism to the skin may result in the classical lesions 
of ecthyma pan^renosum. Tliese arc round, fndu- 
latcd. ulcerated areas with bkick necrotic centers 
surrounded by a zone of cry ibcma. Tlicy arc most 
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oommonly located In the anogenital region. Organ- 
isms can be cultured from these lesions which afe 
thought to represent a Shwartzman phenomenon 
(p. 1269). Other eruptions described in pseudo- 
monas bacteremia include vesicles filled with 
cloudy fluid containing tlie organisms, large areas 
of hemorrhagic cellulitis, and macular lesions on 
the trunk similar to "rose spots.” 

MisccUaiicous. Pseudomonas endocarditis has 
been observed in a patient willi acquired arteriove- 
nous fistula, one who underwent open-heart sur- 
gery, and a number with normal hearts Septic 
arthritis and osteomyelitis are rare complications. 
Several cases of fetal intrauterine death In women 
with pseudomonas sepsis during pregnantqr are on 
record. 

Treatment. Localized pseudomonas infections afc 
best ticatcd by iTrigation with V pet cent ateti<i 
acid or topical therapy with nitrofuraznne, poly- 
myxin B, or neomycin. Removal of devitalized tis- 
sue is essential. The outcome of systemic pseudo- 
monas infection is I'nbmatcly associated with the 
course of the underlying disease For example, 
seudomonas sepsis In patients 'vith leukemia can 
c controlled only if remission of the leukemic 
process occurs concomitantly. Prainage of pus, re- 
moval of obslructivo foci, and improvement of the 
patient's o\’er-all condition are important in con- 
trolling pseudomonas sepsis. Specific chemotherapy 
is dependent upon sensitivity studies. Approxi- 
mately one-third of strains are susceptible to strep- 
tomycin, and this agent should be used whenever 
possible. The tetracyclines are effectwe against 33 
per cent of strains, the antibacterial activity of 
chloramphenicol, kanamycin, and neomycin is un- 
predictable The majority of strains are inhibited 
by polymyxin B and an analogue of this drug, 
colistin. The antimicrobial activity of these ^vo 's 
quite similar, but the neurotoidc and nephrotoxic 
effects of polymjTcin B are considerably greater 
than those of colistin. With both of these agents in 
vitro blood lex els exceed minimal inhibitory con- 
centrations only twofold, which may e.xplain their 
inconsistent effectiveness in bacteremia. Colistin is 
excreted largely in the urine and is the drug of 
choice for pseudomonas infection of tlic urinafj’ 
tract. 

If sensitivity studies warrant, patients with pseu- 
domonas b.'ictercmia should receive streptomycin 
2 0 Cm daily and tetmcycfinc in tfie same dosafc 
simultaneously. In more resistant cases, colislm or 
polj'm>'xin B should be used Doth these dnigs mitsl 
lie given intramuscularly. Tlie dosage is 30 to 73 
mg intramuscularly ex-ery 6 hr for colistin and 50 
I to 100 mg intramuscularly excry 6 hr for poly- 
'mjxin B Occasionally the organism is sensilix'c 
only to l.in.am)cin, xslijcli slinuld lx* adroinislrird 
in dusjgc of 0 5 Cm intramuscularly every C hr. 


There is same experimental exiclence that y-globu- 
lia enhances resistance to pseudomonas infection 
in mice. Tliis has not been obserx-ed in man. 

Prognosis, Tlie mortality rate in pseudomonas 
bai^eremia is over 75 per cent. Tlie prognosis is 
dependent more on the nature of the associated 
disease than the infection or the antibiotics em- 
ployed. In general, the outcome is more favorable 
in patiCTits with pseudomonas bacteremia following 
surgery of the urinary tract than in premature in- 
fants, children with ttystic fibrosis, or leukemia. 
Localized pseudomonas infections do not present 
a threat to life unless hematogenous dissemination 
occurs. 
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m B/VCTEROIDES 

INFECTIONS (Necrobacillosis) 

Edward W. Hook and 
h'an L. Bennett, }r. 

Etiology. The genus Bacleroldcs includes a group 
of gram-negative, non-spore-formmg, strictly anaer- 
obic bicilb that are normal inhabitants of the 
moiitb. Jntrxtin.al tract, anti vagina. These org.in- 
isms are found in large numbers in fcccs, some- 
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times outnumbering Escherichia colt by lOO-fold 
or more. 

BacteroUJes funduliformis (B. necrophorus), B. 
fragilis, and B. nigrcsccay (B. mclaninogcnicus) 
are the species usually responsible for local or S)’S- 
lemic infection of man. 

Pathogenesis. Bacteroides are not highly im’ashe 
microorganisms, and infection is usually secondary 
to an underlying process that impairs the normal 
defenses of the host. The initial reaction to infec- 
tion results in a localized suppurative lesion char- 
acterized by the formation of fetid pus. Infection 
usually remains localized, but blood stream inx'a- 
sion may occur. In instances of bacteremia, sup- 
purative thromboplilebitis adjacent to the site of 
initial infection is a frequent occurrence, and 
emboli harboring \nable bacilli may be dislodged, 
resulting in septic pulmonary infarction. Organisms 
of the genus Bacteroides elaborate a heparinase, 
but the role of this enzyme in the formation of 
thrombi is unJmown. Localization of blood-borne 
organisms at distant sites is not unusual and may 
result in abscess formation in the lungs, liver, joints, 
Iddnej-s, brain, or other organs. 

Although bacteroides may be isolated in pure 
culture from infected tissue or pus, another organ- 
ism is present in the majority of cases, usually 
aruerobic or aerobic streptococci, coUform species, 
or staphylococci. It is not knowm whether a sjTn- 
biotic relationship exists bebvecn bacteroides and 
other bacterial species in infections of man. How- 
ever, bacteroides and anaerobic streptococci have 
been shown to act synergistically in the induction 
of abscesses in mice. 

Manifestations. Local Infections. Bacteroides 
may be isolated from local suppurative lesions of 
any tissue liable to contamination with the flora of 
the intestinal tract or vagina. For example, mem- 
bers of this genus have been isolated from peri- 
tonsillar, appendiceal, ischiorectal, or pelvic ab- 
scesses and from infected Skene’s or Bartholin’s 
glands. These organisms can also be cultured from 
the surfaces of acutely infl.imed appendixes, from 
exudate in localized or generalized perilonibs, and 
from piuulent discharges in patients with endo- 
metritis. Surgery of the gastrointestinal or geni- 
tourinary tract may be complicated by bacteroides 
wound infection. 

Local infection is usually manifested by pain 
and tenderness, and the course and outcome de- 
pend on the site of involvement and extent of in- 
fection. Necrosis of blood vessels in an abscess 
carity occasionally results in severe hemorrhage. 

Systemic Infection. Invasion of the blood stream 
by bacteroides is usually secondary to local infeo- 
tion of the tonsils, female genital tract, or peri- 
toneum. The initial manifestations are deterroined 
by the portal of entry and may be those of peri- 
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tonsillar abscess, endometritis, or appendicitis. 
^Vhen blood stream invasion occurs, the patient 
becomes extremely ill. Severe chills, hectic tj’pe of 
fever ranging from 101 to 106'’F, and severe dia- 
phoresis are common. In septicemia complicating 
tonsillar infection, the internal jugular \'ein may 
be the site of suppurative thrombophlebitis, and 
in pelvic infections the iliac and femoral ^’Cins may 
be inxolved. Palpation along the course of an in- 
volv'ed vein, such as the internal jugular, may dis- 
close a firm, tender cord, indicating the presence 
of a thrombus. Emboli may be dislodged, resulting 
in multiple septic pulmonaiy infarcts manifested 
by rales, dyspnea, cough, hemoptj'sis, pleurisy, and 
roentgenographic evidence of consolidation. Lung 
abscess and empyema may comph’cate pulmonary 
infection. Metastatic infection at other sites is not 
imusual and may be manifested as brain abscess, 
liver abscess, or septic arthritis. A diffuse hepatitis 
may develop, leading to enlargement and tender- 
ness of the liver and jaundice. The prognosis in 
sj’stemic bacteroides infection is grave, and death 
m.!)' occur in a few days 

Bacteroides have also been implicated in certain 
other serious systemic infections. Meningitis see- 
ondory to otitis media or mastoiditis and subacute 
bacterial endocarditis have been desenbed, and 
aspiration of secretions harboring bacteroides ma> 
lead to pneumonia, abscess formation, or empyema 
Bacteroides are a rare cause of urinary tract infec- 
tion. 

Laboratory Findings. Leulcoc)1osis of 12,000 to 
23,000 cells per cu mm may occur in localized bac- 
teroides infection and is almost always present in 
^temic infection. Patients with liver abscesses or 
hepatitis have elevated serum bilirubin values and 
other aberrations of hepatic function. 

Bacteroides infection should be considered when- 
ever pus with an extremely foul odor is encoun- 
tered. A smear of the pus reveals slightly elongated 
gram-negative bacilli, and often another organism, 
usually a gram-positive coccus. Definitive diagnosis 
depends on isolation of an anaerobic, non-spore- 
bearing, gram-negative bacillus. These organisms 
grow' slowly and may be difficult to detect, espe- 
cially when associated with another organism. Ag- 
glutinins against the strain responsible for an in- 
fection develop during the second or third week of 
Infection, but because of the variable antigenic 
composition of bacteroides serologic methods are 
rarely of diagnostic aid. 

Treatment. Surgical drainage of abscess cavities 
is of prime importance and should be carried out 
as soon as fluctuation and localization occur. Anti- 
microbial therapy is indicated when infection is not 
localized. Tetracveline in a concentration of 3 pg 
per ml or less inhibits almost all strains of Bac- 
teroides and is the antibiotic of choice. Chloram- 
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phenicol is also active against the majority of iso- 
lates from Iiuman infections. Practically all strains 
of the genus Bacteroides are resistant to the action 
of streptomycin or neomycin. 

Venous ligation and anticoagulant therapy 
should be considered in patients with thrombo- 
phlebitis and multiple septic pulmonary infarc- 
tions. 
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FIUEDLANDER BACILLUS 
(KlebsieUa) INFECTIONS 
Ivon L. Bennett, Jr. 

Etiology. The Friedldnder bacilli (K/cbsicIfa 
pneumomae or friedhnderi) are encapsulated 
gram-negative bacilli, found among the normal 
&!w oif ths- awJ Aod AcvlKStinaJ 

tracts. They are closely related to Aerohacler aero- 
genes (see p. 931) and cannot be differentiated by 
biochemtcal reactions. Indeed, there is general 
agreement that separation of the Aerobacter genus 
from KlebsieUa is not justified, although cbnical 
usage will conbnue to refer to the strains from the 
respiratory tract as Friedlander bacilli and tliosc 
from other regions ns Aerobacter. The klcbsieHas 
{solated from respiratory infections usually form 
large mucoid colonies on solid media and are viru- 
lent for mice. These clmracteristics, however, are 
not invariable enough to differentiate them from 
intestinal strains. The capsular polysaccharides of 
Friedlander bacilli are simihir to those of pneu- 
mococci; in fact, serologic cross reactions occur 
behveen certain Friedlander strains and pneumo- 
cocci. Friedlander bacilli have been divided sero- 
logically into groups. Most infections in human 
beings are due to members of group A. 


Pathogenesis. Infections of the urinary and bili- 
ary tracts, the peritoneal cavity, and other serous 
membranes comprise the bulk of diseases caused 
hy tlie Friedlander bacilli. These are similar in 
manifestations and pathogenesis to those produced 
by the coJifonn organisms, discussed on p. 931. In 
the lungs, however, Friedlander infections take the 
form of an acute, rapidly progressive, and often 
fatal pneumonia, or of a chronic lung disease, wth 
bronchitis, bronchiectasis, and cavity formation. 

Manifestations. As already mentioned, the ma- 
jonty of infections caused by the Friedlander ba- 
cilli are similar to those due to the cohform bac- 
teria. Thus FrierlJjnder bacilli may be among the 
infecting organisms in general peritonitis, or they 
may be the etiologic agents in pyelonepliritis or 
cholangitis. Occasionally, they cause infections of 
the middle ear, mastolds, or paranasal sinuses, or 
meningitis secondary' to one of these. A significant 
proportion of all reported cases of Friedlander ba- 
cillus meningitis has involied persons with diabetes 
mcllifus. Another kind of Friedlander bacillus men- 
ingitis is that which complicates traumatic perfora- 
tion of the skull or spinal canal, especially as en- 
countered in war wounds. 

Acute Pneumonb. About 2 per cent of all cases 
of bacterial pneumonia are caused by Friedlander 
bacilli. The disease is most common in men over 
forQ' years of age and is frequent in alcoholic 
addicts. The manl/esfations are similar to those of 
pneumococcal pneumonia, with sudden onset of 
chOls, fever, and severe pleuritic pain. Patients are 
more bkcly to be delirious and prostrated, and 
fever is more often remittent than in pneumoeoceaJ 
pneumonia. In about half the cases the sputum is 
dark brown or red and is so sticky that the patient 
lias difficulty in cxpellmg it from his mouth and 
h'ps. The pulmonary lesion usually progresses rap- 
.idJ/. rjareadipg imoj Jah? fo .Icdv? .iwJ //svTO jmc Jamg 
to the other within a few days. Cyanosis and dysp- 
nea develop rapidly, and jaundice, vomiting, and 
diarrhea are often present. Altliough x-rays may 
show extensive consolidation in the lungs, physical 
signs may be deceptively few. The blood leukocyte 
count may be elevated but is often low or in the 
normal range. Lung abscess and empyema are fre- 
quent complications. Previous to the introduction 
of sulfonamides and streptomycin, the fatality rate 
reported in different clinics varied from 50 to 80 
per cent; death within 48 hr was not infrequent. 

Chronic Infection of the Lung. This disease is 
now rare. It may follow acute Friedlander pneu- 
monia but is also seen in patients who give no 
histoiy of acute onset. The principal manifesta- 
tions are productive cough, weakaiess, and anemia. 
Hemoptysis is not common Chronic empyema or 
sterile serous effusion is observed in about one- 
fourth the cases. Cavity formation frequently oc- 
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curs and is usually located in the upper lung fields. 
There is \eiy little inflammatory reaction around 
tlie cavities, so Uiat in roentgenograms they appear 
to have thin walls. A number of patients with 
chronic Friedlander infection of the lung have had 
an erroneous diagnosis of pulmonar)' tuberculosis 
and have been give sanatorium treatment. The 
course of this disease is quite variable. Some cases 
have been observed for 10 or 20 years with very 
little change in symiptoms and signs, whereas 
others have shown gradual improvement after sev- 
eral months. 

Diagnosis. Diagnosis can be made only by the 
isolation of Friedlander bacilli. A presumptive di- 
agnosis of Friedlander pneumonia can be made on 
the basis of Gram stain of the sputum; this shows 
numerous short, plump, gram-negative bacilli, each 
surrounded by a clear space because of the capsule. 
Indeed, one of the most important reasons for 
examination of stained sputum smears is the detec- 
tion of a predominance of gram-negative bacilli 
rather than, as many seem to think, to differentiate 
among gram-positive cocci. In any patient with 
acute pneumonia whose sputum is found to contain 
a predominance of gram-negative bacilli, a pre- 
sumptive diagnosis of FriedlSnder infection should 
be made and appropriate therapy instituted. Cul- 
ture of the sputum on a solid medium shou's al- 
most pure growth of Friedlander colonies. Certain 
proof is afforded by isolation of the organisms from 
the blood, pleural exudate, or fluid aspirated from 
the lung. 

Treatment. In view of the age group Involved 
and the frequent association xvith alcoholism and 
malnutrition, the fatality rate in acute Friedlander 
pneumonia will doubtless remain fairly high, j.c., 
23 to 50 per cent. Specific antiserums have been 
employed in the treatment of acute Friedlander 
pneumonia, but the results have not been encour- 
aging. In vitro, Friedlander bacilli are usually sus- 
ceptible to sulfonamides, streptomycin, chlorletra- 
cydine, and chloramphenicol, and results of ther- 
apy of experimental Friedlander infections with all 
these agents have been quite satisfactory'. The best 
regimen employs streptomycin in large dosra (3 to 
4 Cm daily) witli chlorampheru'col or a tetracy- 
cline. Resistance to streptomycin develops rapidly, 
and if the response is satisfactory, the dose can 
bo reduced or it can be discontinued after 3 to 5 
days. Chloramphenicol or tetracycline should be 
continued for a minimum of 10 to 14 days. 
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TYPHOID FE^T:R 
T. E. Woodward and 
Richard B. HonUck 

Definition. Typhoid fever is a systemic infection 
caused by Salmonella ttjphosa. Anatomically there 
are hyperplasia and ulceration of the intestinal 
lymph follicles and Pej'er’s patches, mesenteric 
lympliadenopathy, splenomegaly, and parenchyma- 
tous changes in various organs, including the liver 
The illness is characterized by fever of several 
weeks' duration, headache, cough, toxemia, abdom- 
inal pain, a characteristic skin eruption (rose 
spots), leukopenia, bacteremia, and the appearance 
in tlic patient's blood of agglutinins to the somatic 
(O) and flagellar (H) antigens of the bacillus. 

Epidemiology. Salmonella ttjphosa resides solely 
In man and is perpetuated in nature by its trans- 
mission to healthy persons from patients or carriers. 
Water, milk, and food are contaminated from in- 
fected fcccs. The principal source of the sporadic 
case is the typhoid carrier who may shed virulent 
organisms inclcfinitely in spile of apparent good 
health. Infected persons who handle food are a 
potential serious threat to famib’es or larger groups 
Typhoid carriers, once identified, should be pre- 
vented from handling food until they have been 
rendered free of harboring S. ttjphosa. 

Flies are active agents of dissemination; they 
mechanically transmit the typhoid bacillus to food, 
water, or milk. Formerly, typhoid fever was espe- 
cially prevalent during the summer months. In 
many countries, sizable outbreaks no longer occur 
and there is no definite seasonal variation since 
carriers are the principal source of infection. Tlie 
disease has not been controlled in some countries 
primarily because of crowded living conditions and 
poor sanitation. 

Typhoid fever has figured prominently as a 
major cause of dfsabilitj' and death during times of 
war or privation, with a heavy toll of suffering 
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among Chilian and militaiy populations. Thft dis- 
ease prevailed In the United States during all the 
wars prior to the First World War. The decades 
since 1900 have svitnessed a steadily declining 
incidence which can be attributed largely to sani- 
tary advances. 

History. In 1829, Louis described the findings in 
158 cases, induding intestinal lesions, enlarged 
mesenteric lymph glands, splenomegaly, rose spots, 
and intestinal hemorrhage and perforation- This 
great clinician first employed the term “tjTihoide.” 
The British, however, continued to view the intes- 
tinal lesion as an incidental complication of typhus. 
Will/am Gerhard of Philadelphia, a former student 
of Louis, presented the first clearly defined differ- 
ences behveen lypJius and t)'phoid based on precise 
dinical and anatomic findings in 1836. 

Budd, an English practitioner, in a series of 
publications extending from 1856 to 1870, sug- 
gested the contagiousness of typhoid and stressed 
t)ie importance of spread by the bowel discharges 
of infected persons. His prophecy was not fulfilled 
until 1683, when Pfieffer reported the first stool 
isolate. Eberlh is credited with discovering the 
organism in 1880, reporting the presence of bac- 
teria in smears of mesenteric lymph nodes and 
spleen. 

Widal described Uie test for agglutinins in the 
serum of patients in 1896. 

Pathogenesis and Pathologic Changes. The or- 
ganism gains entrance by ingestion of food or 
hquids previously contam/nated hy feces or urine. 
Typhoid bacilli are not destroyed by gastric secre- 
tions, invade the mucosa of the small intestine, and 
soon traverse the intestinal lymphatics and mesen- 
teric nodes to reach the blood. Bacteremia lias been 
demonstrated in man prior to the onset of signifi- 
cant clinical signs, i.c., 3 to 4 d-ays after ingestion 
of viable bacteria. SalmoncHa ttjp/iosa is present 
in the feces at this time and can be detected for 
several days. Secondary areas of inflammation are 
established in the liver, spleen, bone marrow, gall- 
bladder, and other lymph nodes, presumably as a 
sequel to the circulatory spread. 

Bacteremia continues until late in the second 
week. Antibodies appear at this time, overlapping 
the bacteremia by several days Subsequently, the 
infection is firmly established in the liver, gall- 
bladder, and Peyer’s patches. Typhoid baeflii are 
shed into the upper small intestine from the biliary 
tract, rendering the stools bacleriologically positive 
from the second week upward to several months. 
In about 3 per cent of patients, a permanent car- 
rier state persists. 

TIic Pevers patches are swollen and ultimately 
undergo necrosis, forming oval-shaped ulcers which 
arc most numerous in the terminal 24 in. of the 
jlcum. Ulceration can occur In the Jejunum and 


lymphoid follicles of the cecum and colon. The 
two most common complications of t>phoid fever 
are hemorrhage and perforation vvhicli result from 
necrosis in such lesions, usually during the third 
week of illness. The intestinal ulcer eventually 
heals completely without scar formation. 

In the intestinal lesion the histologic changes 
are proliferation of large mononuclear cells and 
edema. Typhoid bacilli are seen within macro- 
phages or plasma cells; the intracellular residence 
of S. tijphosa may protect them from the anti- 
bacterial action of antibiotics or antibodies and 
helps explain their continued presence in the host 
after improvement or full recovery. The marled 
monocytic hyperplasia involves the mesentery 
nodes, spleen, bone marrow, and liver. Lymph 
nodes often exhibit necrosis showing marked pro- 
liferation of the sinusoidal cells, and the sinusoids 
are filled with macrophages. 

Focal metastatic infection may be responsible 
for cholecystitis, osteomyelitis, chondritis, meningi- 
tis, endocarditis, or nephritis. The gallbladder is 
frequentiy infected, although acute cholecystitis is 
less common. Bronchitis frequently accompanies 
the disease, and pneumonia due to S. iyphosa, 
Diplococcus pneumoniae, or pyogenic bacteria 
casionally occurs. 

Considerable evidence supports the thesis that 
S. typhoso endotoxin, a lipid-polysacchande-pro- 
tern complex of the somatic fraction, is responsible 
for the morphologic alterations as well as the clini- 
cal manifestations. The intravenous infusion of 
endotoxin in rabbits results in congestion and hem- 
oirhagic necrosis of the intesh’nsJ mucosa, liver, 
spleen, and bone marrow, with damage to the 
vascular endothelium similar to that in fatal ^- 
phoid cases. 

Studies in man confirm the fact that significant 
tolerance to the endoloxio effects of S. typfwsa and 
Escherichia coil develops early in convalescence, 
i.e., 2 to 3 days after defervescence foIJo'ring 
chloramphenicol therapy. Moreover, during Uie ac- 
tive stages of typhoid fever, when the endotoric 
reaction Is augmented, there is increased sensitivity 
of the capillary vessels to minute doses of norepi- 
nephrine. Each of these parameters, (1) the devel- 
opment of tolerance to pyogenic activity and (2) 
vascular hyperreactivity to catechol amines, is an 
indicator of endotoxin effects. 

The intestinal lesions subside ultimately, whereas 
the infection of the liver and biliary tract may con- 
tinue indefinitely without any apparent ill effect 
on the host. Typhoid carriers have been observed 
to shed 50 million S. tijphosa per milliliter of bile 
The specific mechanisms responsible for the mani- 
festaUons of typhoid fever will remam a myster)’ 
unld fj) tho factors loading to microhiai persist- 
ence of S. tijphosa in the host are known, (2) the 
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biochemical and dynamic actions of endotoxin are 
fully characterized, and (3) the cellular response 
of the host and the mechanisms leading to endo- 
toxin tolerance are defined. 

Manifestations. The incubation period averages 
about 10 days, with a range of 3 to 25 days. 
information is derived from analysis of typhoid 
epidemics as well as from observations made dur- 
ing volunteer studies. Mild prodromata indude 
headache, weakness, and anorexia, which are not 
incapacitating. 

In most instances recognized clinically as ty- 
phoid fever and given no therapy, the course of 
pyrexia is 3 weeks or more, with an extended pe- 
riod of convalescence. However, typhoid can mas- 
querade in many forms, one so mild os to elude 
diagnosis and another so severe as to outdistance 
ordinary treatment. In mild cases, the fever and 
other manifestations may abate within 2 weeks. 

The onset is usually gradual, with initial features 
of headache, anorexia, weakness, abdominal pain, 
diarrhea or constipation, epistaxis, and fever. The 
temperature increases steadily, rising each day to 
an afternoon level of 103 to 105®F. For 10 days to 
2 weeks, the febrile pattern is either continuous or 
remittent, fluctuating between 103 to 105®F. 

During the third and fourth weeks there are 
wider fluctuations of temperature, with morning 
levels often reaching normal and gradual defer- 
vescence by slow lysis. 

Headache is a dominant complaint and, with 
fever, usually ushers in the disease. It is severe, 
generalized, and unrelenting. With high fever 
there may be nocturnal mental confusion. Chills, 
including shaking rigor, occasionally occur early 
in the disease but are not usual. 

Cough and bronchitic symptoms are common at 
the onset and may be mistaken for a "nonspecific” 
viral type of pneumonitis. Anorexia without vomit- 
ing is characteristic. In the first week the patient 
suffers from diffuse abdominal pain which is occa- 
sionally colicky. The bowel may be constipated, 
or there may be loose, mushy movements. Later, 
at the height of illness, diarrhea may ensue, 'vith 
ivatery or typical “pea soup” stools. 

In the second weeh, all symptoms are aggra- 
vated. The temperature remains high, with slight 
morning remissions. Apathy, mental dullness, and 
delirium are now apparent. The face is frequently 
expressionless, the eyes are glassy, and the skin, 
tongue, and mucous membranes are dry. There is 
usu.'OIy abdominal distention, with diffuse tender- 
ness frequently accentuated on the right side. 
Cough and rales may persist. The pulse is usually 
rapid but may be slow and dicrotic. 

During the third ivcek there is accentuation of 
all manifestab'ons, with an intermittent febrile pat- 
tern showing a gradual decline with morning re- 
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missions. The pulse ranges from 110 to 130 and is 
of poor quality. Weakness and weight loss are 
noticeable. Diarrhea, abdominal pain and disten- 
tion may be troublesome, and other unfavorable 
features such as pulmonary complications and fee- 
ble heart sounds mark the seriously ill paUent. 
Hemorrhage or perforation of the intestinal lesion 
is more prone to occur at this stage. Typhoidal 
psychoses with delirium or mania may become 
manifest early in the illness or at the height of tlie 
febrile-toxic period. 

Several characteristic features merit special at- 
tention. The eruption, or “rose spots,” are found 
often on the trunk over the upper abdomen or 
lower chest or anterior axilla. They are seldom 
rrumerous and appear as rose-pink hyperemic pap- 
ules 2 to 4 mm in diameter, the central peak 
being felt on light palpation. They make their first 
appearance during the second febrile weeks, or at 
the time of relapse, and come out in successir-e 
crops lasting for 2 or 3 days, usually leaving a 
faint brownish discoloration. They are found rarely 
on the back, arms, and hands 

The spleen is frequently enlarged late in the 
first week of illness, but unless the examiner em- 
ploys light palpation, it may not be felt The organ 
is often tender, and occasionally a friction rub may 
indicate the presence of perisplenitis Splenomeg- 
aly abates wiUi deferx’escence. 

Convalescence in typhoid patients is gradual, 
svilh a slow return of appetite and vigor Weakness 
usually persists for weeks. Prior to the advent of 
antibiotics, such complications as thrombopldebitis, 
peripheral neuritis, and various pyogenic infections 
developed as sequelae of the protracted illness, 
malnutrition, and vitamin depletion. 

Gastrointestinal Hemorrhage. Gross hemorrhage 
of the typhoidal iJcer occurs in approximately 10 
per cent of cases; occult bleeding is present m 
about 20 per cent. Characteristically it occurs late 
in the second or during the third week of disease. 
There may be a sudden large hemorrhage or con- 
tinuous slow oozing. Clinical signs indicative of 
blood loss are appreliension, sweating, pallor, de- 
pression of cutaneous temperature, rapid weak 
pulse, hypotension, and narrow pulse pressure. 
This complication occurs in spite of the favorable 
effect of chloramphenicol. 

Intestinal Perforation, Intestinal perforation oc- 
curs in about 3 per cent of untreated cases and 
vras formerly an important cause of death. Rupture 
of tlie intestinal ulcer with resultant peritonitis still 
occurs, although antibiotics have reduced the num- 
ber of fatalities sharply. The part of the gut to 
perforate is the lower ileum in most instances. It 
may occur in the first week, but usually occurs at 
the height of disease in the third week, parliciihrly 
in those patients with tympanites, diarrhea, and 
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licinorrhage. It may striVe with lightning sudden- 
ness in patients presumably progressing favorably. 
A sudden, sharp pain in the right lower quadrant 
is tj-pical. Abdominal distention may increase rap- 
idly, witli signs of muscle rigidity, rebound tender- 
ness, and diminished peristalsis. Obliteration of liver 
flatness with excessive tympanites is a valuable sign 
of free abdominal air. Pallor, clammy perspiration, 
tacliycardia, and lowered blood pressure all herald 
impending shock. At this stage, the temperature is 
low and the blood leulcoc)'te count ranges from 

9,000 to 13,000 cells per cu mm. Perforation may 
be mistaken for appendicitis, acute choletyslitis, 
phlebitis of the iliac \ein, or merely an accentu- 
ation of the abdominal pain in the debilitated ty- 
phoid patient. Under these circumstances frequent 
examinations and serial leukocyte counts can be 
very helpful in reaching a decision. Rarely, ty- 
phoidal peritonitis can result from rupture of a 
softened mesenteric gland. 

Other Comph'cflt/oiij. Bacterial or lobar pneu- 
monia developing at the height of the disease was 
formerly a serious compheaUon of typhoid fever. 
Pneumococci or pure cultures of typhoid bacilli 
hav’e been isolated from the sputum or consolidated 
lungs. The diagnosis should be verified by ap- 
propriate physical signs, bactcrlologic findings, and 
roentgen examination. Other pyogenic complica- 
tions include parobtis, sinusitis, and furunculosis. 
Typhoidnl meningitis is rare but serious Chondntis 
or periostiUs are indolent focal infecO’ons from 
which typhoid bacilli may be isolated. Kfonoartieu- 
kr and polyarticular arthritis are rare sequelae. 
Cholecysbtis manifested by abdominal tenderness, 
muscle spasm, rigidity, and mild leukocytosis may 
occur during the acute illness Months or years 
later, there may be chronic cholecystitis or gall- 
stones from which viable S. typhosa may be iso- 
ihfed Acute nephntis or pyelbncpArrfis fe seen 
occasionally at the height of illness or during 
convalescence. Deafness is common but seldom 
permanent. For some strange reason, herpes Ja- 
biabs is rare in typhoid patients. 

Rccrtidesceiice {Relapse). In typhoid fex'er, llie 
incidence of relapse varies in untreated patients 
from 5 to 15 per cent. Several important clinical 
fe.atures, such as stepwse temperature at onset, 
headache, intestinal symptoms, rose spots, and 
splenomegaly highlight the relapse. Bacteremia is 
usually demonstrable, and as a rule the manifesta- 
tions are milder than those of the initial illness In 
spite of the tlierapeutic efficacy of chloramphenicol, 
relapse has occurred in as many as 20 per cent of 
patients m some series. On an average, the relapse 
ocairs approximately 15 days after cessation of 
chloramphenicol therapy, regardless of the dura- 
tion of treatment or the stage at which the anti- 
biotic is first given. The development of chloram- 


phenicol-resistant strains of S. itjphosa as a result 
of treatment is rare. Tliere appears to be no eorre- 
ktion between the susceptibility of patients to 
relapse and tlie presence or absence of somatic (O) 
or fl.ngellar (H) antibodies; immunity is not 
gauged by the serologic response of the patient to 
these antigens of S. typhosa. 

The Typhoid Carrier. Typhoid bacilli may per- 
sist in the bile passages indefinitely and in the 
intestines in about 3 per cent of patients who 
recover from the disease. Many earners have no 
history of prior infection, and all are in apparent 
good health. The carrier stale is due to the per- 
sistence of infection in the biliary tract, and neither 
cholecystectomy or chemotherapy are inxariably 
successful in rendering the carrier free of the 
organism. Urinary carriers are infrequent and rep- 
resent a minor health hazard. Four therapeutic 
methods: (1) cholecystectomy; (2) penicillin 
treatment in the dosage of 12 million units daily, 
supplemented with Benemid for 12 to 14 days; 
(3) <:ombined treatment with chloramphenicol 
(10 Cm every 8 hr) and streptomycin (1.0 Cm 
txvice daily) for 3 weeks, and (4) chloramphenicol 
therapy ivith simultaneous vaccine adminislratfon 
haxc been successful in eradicating the carrier state 
In some subjects. Cholctystcctomy should not be 
performed unb’l chemotherapy has been attempt* 
ed. 

Laboratory Diagnosis. One of the distinctive 
hematologic features of typhoid fever is leuko- 
penia, xvith white blood cell counts ranging from 

4.000 to 6,000 cells per cu mm during the first two 
weeks and 3,000 to 5,000 cells per cu mm during 
the third and fourth weeks. In the presence of in- 
testinal perforation or pjogenic complications, 
the leukocyte count rises moderately to 10,000 to 

14.000 cells per cu mm. Normocytic anemia is 
present ih many patients; with blood loss, it is 
Itypochromic and microcytic. Except for transient 
albuminuria during the febrile stage, the urine is 
normal. Occult blood is present in the feces, begin- 
ning in the second week. 

Isolation of S. typhosa from the blood and feces 
IS the most dependable diagnostic lest. Blood ad- 
lures are positive in most cases during the first and 
part of the second febrile week. Bacteremia is also 
demonstrable during relapse. Salmonella typhosa 
can be grown from the feces usually after the tenth 
day, and the incidence of isolations increases up to 
the fourth or fifth weeks. 

The Widal lest is a readily available and ade- 
quate serologic test for the diagnosis of typhoid 
fever. Specific agglutinins appear in the serum 
after 7 to 10 days of illness. The titer rises steadily 
to a peak from the third to fifth weeks and falls 
gradually over several weeks. It does not rise ap- 
preciably dunng 3 relapse. The titer of the flagellar 
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(H) agglutinin is usually higher than the somatic 
(0) antibody. As in most serologic diagnostic pro- 
cedures, the demonstration of a rise in titer is of 
prime importance in establishing the laboratory 
confirmation. 

Differential Diagnosis. No single symptom or 
clinical feature is pathognomonic at the time of 
onset. Manifestations such as headache, fever, ma- 
laise, weakness, anorexia, cough, and abdominal 
pain are common to many diseases. These include 
the major rickettsioses, brucellosis, tularemia, lep- 
tospirosis, infectious hepatitis, infectious mononu- 
cleosis, primary atypical pneumonia, miliary tuber- 
culosis, malaria, lymphoma including Hodgkin’s 
disease, and rheumatic fever. The rose spot is the 
most valuable single sign, and when coupled wth 
the presence of fever, splenomegaly, and leuko- 
penia usually clinches the diagnosis. Differenti- 
ation of typhoid fever from those diseases which it 
resembles depends upon laboratory confirmation 
by (1) culture of the blood, feces, and urine and 
(2) the demonstration of a positive ^Vidal test. 
Repeated negative cultures of the blood and feces 
and negative agglutination tests should suggest 
other illnesses. Rarely are the bacteriologic and 
serologic tests repeatedly negative. 

Management. The mortality and prolonged mor- 
bidity of typhoid fever has been reduced effectively 
by the combined application of antibiotics and 
supportive measures. In spite of specific therapeu- 
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tic advances, such complications as intestinal hem- 
orrhage, perforation, and relapse occur in a small 
percentage of patients. The point is unsettled 
whether treatment with chloramphenicol, initiated 
very early in the illness (during the first week), 
leads to a higher incidence of relapse. Regardless 
of this consideration, it is advisable to begin spe- 
dfie therapy as early as possible to prevent the 
development of more serious complicahons. 

Specific Treatment. Chloramphenicol is highly ef- 
fective and administrah'on should be continued for 
2 weeks. After an initial oral dose of 50 mg per kg 
body weight, the subsequent daily requirement is 
calculated on the same basis, divided in equal 
doses, and given at 8-hr intervals. After an appar- 
ent clinical response, with defervescence, the daily 
dose may be reduced to 2.0 Cm. In some patients, 
the sodium succinate ester of chloramphenicol may 
be given mtravenously or intramuscularly, based on 
a daily dose of 25 mg per kg. Daffy intravenous 
doses exceeding 3 0 Cm are not advised, and the 
oral route is preferred. 

Showm in Fig. 123-1 is the pattern of response 
in a patient given chloramphenicol on the nlntli 
day of illness. The patient was subjectively im- 
proved, with lessened headache and toxemia wnthin 
48 hr after beginning therapy, and the temperature 
reached normal in less than 4 days. This is the 
usual pattern. At this stage the patient is more 
vigorous, the appetite has returned, and abdommal 
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Fic. 123-1. Typical febrile response following chlonunplienicol therapy in typhoid fever. (Ann. Inlcmil Med.. 
20.133, 1048.) 
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Ffo. 223-2. DramaUe dfnwnjtratfcn oi the effect ol steroids In producing Jyj/j ol [ever la typhoid. Note the 
‘‘rebound," a commun finding following steroid therapy. (Med. Climes N. Arn., March. 1054, vol 38. no. 2.) 


pain lias abated Bacteremia is no longer demon- 
strable scNcral hours after beginning treatment, 
although stool cultures may be intermittently posi- 
tive throughout the eoursc. 

Failure of t)'phouI patients to respond to elder- 
amphenieoi treatment is unusual. Under these cir* 
cumstanecs pcn/cfflm in doses not less th.in 12 
million units daily has been reported to be effective 
in small numbers of patients. The effect of the 
tetracyclines is unpredictable. 

Aniitorcmic rffects of Steroids. In severely ill 
p.itienls, there is a period of 3 to 4 days after insti- 
tution of cliloramphcnicol therapy before toicmia 
and pjTCNi.i disappear. Tills interval can be short- 
ened appreciably if chloramphenicol Is supple- 
mented «nth steroids. Note in Fig 1Z3-2 the dra- 
matic febrile response of a six-year-old patient who 
rcccivctJ combined treatment beginning on the 
fourteenth day of disease. The temperature 
reachetl normal levels svilhin 12 hr, and the head- 
ache and toxic signs abated simultaneously. 

Cortisone, 200 to 300 mg. or prednisone, 40 to 
GO mg, is gi\en daily. Three days of treatment xvith 
steroids is sufficient. European investigators haw 
reported a "tj-phoid-shocK" syndrome folloxving 
chloramphenicol treatment presumably as a result 
of excessive endolorin release. Under these condi- 
tions steroid treatment would exert a protective 
effect. Steroids should l)c reserved for those clinical 
situations associated with severe t)phoidal toxemia. 


Suppofliue Theraptj. General supportive care Is 
x-ital to supplement antibiotic therapy. Bed rest 
extending Into early convalescence is essential. 
Ambulation should be gradual to avoid undue fa- 
tigue or exertion. Laxatives and promiscuous use 
of enemas are ill advised because of the danger of 
perforation or hemorrhage. Analgesics aid in ameli- 
orating headache, although saHcijlates should be 
avoided because of the propensity of ^hoid 
patients to show axaggerated reactions to the anti- 
pyretic action of these drugs. Tepid sponge baths 
are effective in lowering body temperature and 
should be employed when excesses of 104*F ap- 
pear. 

Good nursing care is essential and includes 
special attention to oral hygiene and adequate bath- 
ing. The observations of pulse rate, onset of severe 
abdominal paio, the presence of tany or bloody 
stools, or the occurrence of vomiting are of utmost 
importance In the early recognition of complica- 
tions. 

A bland or liquid diet consisting of 3000 Cal is 
prescribed until the appetite improves Attention 
to fluid and electrolyte balance is essential The 
I'udicious transfusion of whole blood given slowly, 
and in small amounts, may be lifesaving in severely 
dJ, anemic patients encountered late in the course 
of illness. 

fnlestinal /fcniorrhage. An awareness of this 
complication and its early detection arc essential 






ENTERIC GRAM-NEGATIVE BACIJ-Ll 
for proper management. The prevention of shock 
or its early treatment by blood transfusions is of 
prime importance. The ettent and duration of 
bleeding should be assessed by frequent determina- 
tions of the hematocrit and tests for the presence 
of occult blood. Adequate reser\’cs of blood should 
be readil)’ available. Strict bed rest should be 
enforced and oral alimentation restricted. Under 
these conditions the antibiotics may be given 
parenterally. 

Intestinal Perforation. A severely damaged in- 
testine requires lime for healing. Hence, the threat 
of intestinal perforation c’cists for several da)'S 
after specific tficrapy is instituted. Tlie debilitated 
toxic condition of the patient, ll\c weakened circula- 
tion, the friability of the intestinal lesion, the stress 
of anesthesia and operative procedure roake the 
typhoid patient a poor surgical risk. It is justified 
to place greater emphasis upon medical manage- 
ment. i.c., combat shock routine measures, 
institute means cfFcclively to decompress the bo'vel, 
and continue antibiotic treatment adding penicillin 
and streptomycin. Should it become obvious to 
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the physician and surgeon in attendance lliat the 
process is failing to localize as evidenced by the 
findings on examination, persistence of shock, con- 
tinued leukocj’tosis, and oUicr signs, it may be 
surmised that tlie ulcer is not healing and that 
surreal intcr\’cntion is indicated. 

Relapses. The greatest incidence of relapse oc- 
curs about 2 weeks after the cessation of cldor- 
antpiicnicol therapy. Patients should be followed 
for 3 weeks after becoming afebrile. Figure 123-3 
illustrates the course of illness in a patient with 
relapse which wms moderately severe and self-limit- 
ing. Chloramphenicol would have provoked rapid 
defcrxirscencc and clearing of bacteremia. Specific 
treatment should he instituted and continued for a 
week when symptoms and fever persist beyond 
24 hr. There are no reliable data which indicate 
dial the administration of cliloramphcnicol utilizing 
intermittent regimens, with antibiotic rest periods, 
prevents relapses. 

Control and Immunization. All typhoid patients 
should be reported to appropriate he.aUh authorities 
in order lh.at the source of illness and infection 



Ftc. 123 -^. RtUjvst Cit {w.?r oocvimnS 2 week* after dilorampbcnJcol therapy. Note tint the relapse was 

le-vs severe than the initial Illness and responded w-ilhout spcdfic tlier.ipy. In 19J8, when the p.atlcnt was treated, 
the supply of chloramphenicol was aali-aiistcrl at llic time of nd ipsc. 
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nmong contacts may be inv'cstigatcd. l^Uents 
should be hospitalized untj at least three consecu- 
tive stool cultures are negative for S. typhosa. 
Hospital attendants should protect tlieir dothes 
with dean gowns. Stools should be discarded in 
flush toilets; olhenvise disinfection should be ac- 
complished with phenol or formalin. Urinals, bed- 
pans, linens, and eating utensils should be sterilized 
by boiling in water or by autoclaving. 

Tj-phoid vaccine is cffecbve, but it is not an ab- 
solute prophylactic agent. The standard phenolized 
vaccine is the most effective biologic for reducing 
the morbidity of typhoid. Persons at risl: because 
of travel or occupation should receive TAB vaedne 
(typhoid, paratyphoid A and B). Wcel.Iy doses of 
0 3, 1.0, and 1.0 ml given subcutaneously are rec- 
ommended A booster injection of 05 ml subcu- 
taneously or 0.1 ml intradermalJy each year is 
indicated under conditions of high risk. Attention 
to proper hygienic measures is the best effectlxe 
preventive measure. 

All carriers should be followed periodically and 
their occupations carefully regulated. 

Prognosis. The mortality rate in typhoid fe%cr in 
the United States prior to the introduction of anti- 
biotic therapy was about 12 per cent, hfost deaths 
occurred from intestinal perforation, hemorrhage, or 
both. Toxemia, with resultant inanition, was re- 
sponsible for some fatalities. Despite the efficacy 
of chloramphenicol in therapj', a certain number of 
deaths from typhoid fever still occur. This may be 
espected to be reduced to a minimum if early* 
diagnosis is made and adequate prompt specific and 
supportive treatment is instituted before extensive 
lesions develop The highest incidence of death is 
in the aged, in young infants, and in those patients 
previously malnourished and anemio 
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m OTHER SALMONELLA 
INFECTIONS 

Edward W. Hook arid 
loan L. Bennett, }r. 

Since the first description of Salmonella w’as 
published in 1886 by Salmon and Smith, over 400 
members of the genus have been identified Al- 
though there is striking variation in the pathoge- 
nicity of the various serotypes, almost nil are capable 
of producing human disease. The Infections in 
man are acute gastroenteritis or food poisoning, 
enteric or paratyphoid fever, bacteremia, and a 
multitude of localised Infections ranging from 
osteomyelitis to endocarditis. 

Etiology and Epidemiology. Tlie salmonellas are 
motile gram-negative bacilli that ferment dextrose, 
maltose, and mannitc with production of gas and 
do not utilize lactose or sucrose. Those organisms 
are classified by serologic methods on the oasis of 
their somatic (0) and flagellar (H) antigens. Ac- 
curate identification is technically eomplet and 
can be earned out only in a feiv typing centers 
but is very important for epidemiologic studies. 
Salmonellas inhabit the intestinal tracts of man 
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and many lower anjwMls The incidence of asyxopto- 
matic human carriers In the general population is 
about 0 2 per cent, and a much larger reserv’oir of 
infection is present in lower animals. An incomplete 
list of tJie lower species from which these organisms 
have been isolated includes the mouse, rat, cal, dog, 
pig, cow, chicken, duck, turkey, parakeet, snake, 
lick, flea, and cockroach. 

Infection is acquired by the oral route, usually 
by ingestion of contaminated food or drink. Almost 
any food product, especially those of animal origin, 
is a potential source of human infection. The meat 
of infected animals, eggs or egg products, and 
food, milk, or water contaminated by excreta of 
man or animals may serve as vehicles of infection 
By-products of the meat-packing industry such as 
bime meal, fertilizer, and domestic animal feed also 
constitute an important medium for spread of sal' 
jnondlas. 
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The incidence of salmonella infections has in- 
creased strikingly in the last 10 yvars. Although the 
observed increase may represent only better detec- 
tion and more cflicicnt recording, it emphasizes the 
fact tliat salmonellosis is a health problem of 
considerable magnitude. Large epidemics of gastro- 
enteritis are common but arc greatly outnumbered 
by sporadic eases and family outbreaks, many of 
which have been unrecognized. 

There is a close correlation between the species 
of So/moncl/fl predominating in animals and those 
isolated from man in a specific geographic area. 
In the United Slates the most frc(|ucnl causes of 
human infections arc S. tijphimurlttm. S. newport, 
S. montevidco, S. oran/enburg, S. clwlcraesiiis, S. 
schoiimucUcri, and S. ana/tim 

The incidence of infection due to SafmoneWa is 
greatest during the summer months Salmonctla 
chohraesuls infections do !iot follow this seasonal 
distribution and occur at a fairly constant rate 
throughout the year. 

Pathogenesis. The course of events after salmo- 
nella org.anisms have gamed access to the gastro- 
intestinal tract is determined hy the dose, species, 
and invasive potential of the organism and the 
resistance of the host. MuUiphcalion of ingested 
organisms in the intestinal tract may lie followed 
bj' sjmptoms of food poisoning which, in the ma- 
jority of instances, subside after a few days. Tlic 
intestinal irritation and inflammation arc probably 
produced by true infection of the mucosa, and 
penetration of the intestinal wall with resulting 
transient bacteremia or more serious systemic ill- 
ness occurs in a few patients. With the development 
of s)'stemic infection, there may be liistologic 
changes similar to those of t)'phoul fever or multiple 
foci of suppuration in bone, joints, endocardium, 
pleura, meninges, etc. 

Studies in healthy human volunteers suggest that 
large numbers of organisms must be ingcstcvl to 
pr^uce disease, although the minimum infectious 
dose varies strikingly among different serotypes 
Tlie cohform bacteria of the intestinal microJIora 
apparently exert a protective action by suppressing 
the multiplication of salmonellas if the number 
ingested is small. This suggestion is based upon 
the demonstration that elimination of intestinal 
saprophytes by giving antibiotics increases the 
susceptibility of mice to infection with S. typhi- 
rniir/iini 100,000-fold. Salmonella enteritis has been 
reported as a rare complication of the administra- 
tion of broad-spectrum antibiotics to man. Altera- 
tion in intestinal microQora has also been suggested 
as a mechanism of the increased susceptibility of 
patients convalescent from gastrointestinal surgery, 
especially gastrectomy and gastroenterostomy, to 
intestinal infection with salmonellas. 


In previously healthy individuals, blood stream 
invasion is unusual m infections produced by most 
species of Salmonella. However, the marked inva- 
sivcncss of S. choleracsiiis sets it apart from other 
species. About 50 per cent of S. choleTcesiiis infec- 
tions are accompanied by bacteremia, and the mor- 
tality rate is about 20 per cent. The infrequent 
ocairrence of gastroenteritis and a carrier state due 
to S. choleracsiiis also reflects the invasivencss of 
this organism. 

Severe salmonella infection has been described 
as a complication of many acute and chronic dis- 
eases, such as streptococcal pharvngiUs, meningo- 
coccal meningitis, beriberi, hepatic cirrhosis, vari- 
ous lymphomas, and lupus ery'lhematosus. Such 
occoiTcnccs are sometimes coincidence but more 
often reflect a generally decreased resistance to 
bactcn.'il infection In a few diseases there is strong 
evidence to indicate a specific predisposition to 
infection by s-almonellas that far exceeds any gen- 
eral susceptibility to other bactenal species. Patients 
with sickic-cell anemia, .and other hemoglobinop- 
athies, are unusually suscepbble to salmonella 
infection, and there is a strong tendency for locali- 
z.ition m bone, with the production of osteomyelitis. 
The high mortality in .acute bartonellosis is almost 
entirely accounted for by secondary salmonellosis 
(seep 976), and the effectiveness of chlorampheni- 
col in bartonellosis is attributable to its action 
.ag-iinst the secondary infection rather than the 
bartoncll.'i organisms Salmonellosis is also an un- 
usually frequent complication of malaria nnd 
relapsing fever. 

Clinical Manifestations. Salmonella Food Poison- 
ing. CastrocnteriUs often occurs m epidemics among 
individuals who have partaken of the same con- 
t.'iminatcd food, although sporadic cases are not 
infrequent. After an incubation period of 8 to 
48 hr, tlicrc is sudden onset of cohely abdominal 
pain and loose, vv.ntcry diarrhea, occasionally with 
mucus or blood. Nausea and vomiting are frequent 
but are rarely severe or protracted. Temperature 
of 101 to 102“F is common, and there may be an 
initial chill. Symptoms usually subside promptiv 
within 2 to 5 days, and recovery is uneventful. 
Fatalities rarely exceed 1 or 2 per cent of the 
affected population and are limited almost en- 
tirely to infants, the aged, and the debOitated. 

The causative organism can often be isolated 
from the suspected food and from feces during the 
acute illness. Stool cultures usually become negative 
for salmonellas within a few days, but it is not 
unusual for patients to continue to excrete organ- 
isms for weeks or months. The leukocyte coimt is 
usually normal. 

Enteric or Parafyphoul Fever. Certain species of 
SdmoneQa can produce an illness which is clini- 
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call)’ incliitinpuishable from typhoid fever, le, a 
prolonged febrile illness vilh rose spots, spleno- 
mcg-ily, leukopenia, gastrointestinal sj’mptoms, and 
posilhe blood and stool ailtures (see p. 939). The 
organisms most likely to produce this picture are 
S. parattjph! (S. paraltjphi A), S. parali/phi B (S. 
schotlmueUcrl), and S. c/io/t*rufjiiis (S. suipcstifer). 
Occasionally a tj’pical attack of food poisoning is 
followed in a few days by paratyphoid fe\cr. Gen- 
erally, paratyphoid fevers tend to be milder than 
S. ttjphosa infections, but differentiation on dinical 
grounds alone is not possible in the individual 
case. Becovery’ may he followed by continued 
excretion of the causative organism in the stools 
for several months, although the carrier st.itc is 
less frequent and less prolonged than in typhoid. 

Daclercmia. Salmonella cholcToesuis is the spe- 
cies most hkely to produce bacteremia, but pro- 
longed illness with positive Wood cultures has also 
resulted from infection with many other types, 
particularly in patients with another debilitating 
illness. Although symptoms of gastroenteritis can 
precede bacteremia, they arc usually lacking, and 
most cases arise sporadically. In many instances, 
the only manifestations arc prolonged fever, some- 
times lovv-grndc, but often spiking and accompanied 
by repealed rigors, sweats, acliing, anorexia, and 
weight loss. TJic characteristic features of typhoid 
and paratyphoid fever, such as rose spots, persistent 
leukopenia, and sustained fever, are absent. Stool 
ailtures are tisiiaUv negative. Discharge of organ- 
isms rnto the hIoo<i stream is intermittent (in con- 
trast to the consbint bacteremia of typhoid-para- 
typhoid), and repeated blood cultures are often 
required to demonstr.ite the causative organism. 
At some time in the course of the illness, focalizing 
signs of infection appear in one-fourth of the cases. 
Pulmonary infection in the form of bronchopneu- 
monia or abscess, pleurisy, empyema, pericarditis, 
endocarditis, pyelonephritis, meningitis, osteomye- 
litis, and arthritis are rekitively common. The 
blood leukocj'tc count is usually normal, hut with 
the dev clopment of focal lesions, polymorphonuclear 
Icukocj’tosis ns high as 20,000 to 23,000 cells per 
cu mm occurs Salmonella bacteremia can be a very 
puzzling disorder, especially before localization 
takes place, and should be considered in cases of 
fever of unknown origin. 

Local I’t/osenie Infections. In addition to the 
Suppurative lesions already mentioned, salmonclki 
organisms can produce abscesses in almost aiy 
.inatomic site These can occur independently of 
ircvious s>-mptoms of gastroenteritis or other illness 
ir as complications of bacteremias. There is noth- 
i)g ch.iractcristic about Die suppurative Irsiwis, 
ind the correct ctiologic di.ignosis is rarely made 
in the basis of clinical Endings alone. Tlicre is a 
trong tendency for salmoneUas to localize in tis- 
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a sues that are the site of preexisting disease. For 
I- cutamplc, in patients with systemic salmonellosis, 
d localization has been described in aneurysms, bone 
e adfacent to aortic aneuiysms, hematomas, and many 
e different tumors including hypernephroma, ovarian 
>. cj’st, and pheochromocytoma. Meningeal localiza- 
tion of salmonella infection is common in newborns 
is and infants, and occasional small outbreaks of 
I- salmonella infection in nurseries have consisted 
n almost entirely of cases of meningitis, 
d Diagnosis. Febrile gastroenteritis produced by 
il presumed viral agents (seep. 1134), and shigellosis 
d can he disfinguislied from saJmoneU.i food poison- 
s ing only by appropriate stool cultures in most 
is instances, especially in sporadic cases. Tlie bac- 
I. leriologic methods are described on p. 930. Staphy- 
1 - lococcal food poisoning is usually an afebnte dis- 
>- case, and \omiting is a more prominent feature 
0 than in most s.ilmonella infections. Systemic mani- 
fest.ations arc usu-illy absent in patients with 
g gastroenteritis caused by Closlridiurn wcIcliU (C. 
n fterfringens) . Many toxic agents and drugs can 
d produce diarrhea, nausea, and abdominal pain, 
{, but fever is rarely a feature of these disorders, 
I- and the diagnosis depends upon a history of ex- 
d posure or ingestion. 

d The diagnosis of paratyphoid fever or salmonella 
(1 bacteremia depends upon iseJation of the causative 
it organism. Agglutination tests with acute and con- 
>1 valcsccnt serums as performed in the usual clinical 
1 - laboratory are usually not very helpful 
I- Treatment. The treatment of salmonella food pol- 
i- sonmg IS supportive. Deliydration should be eor- 
n rected by parenteral administration of fluids and 
i. electrolytes. The abdominal cramps and diarrhea 
g con be alleviated by small doses of morphine or 
>. paregoric and are frequently much improved if 
I- the patient takes nothing by mouth for 8 to 12 
!, hr. There is no evidence that antimicrobial drugs 
modify the course of the disease, 
c Chloramphenicol is the antibiotic of choice in 
h systemic infections, the dosage being 3 to 4 Gm 
ir daily. Its effectiveness is variable and unpredict- 
T able. Tlie tetracycline derivatives have sometimes 
y appeared to exert n beneficial effect, but streptomy- 
ti cin, polymyxin, neomycin, and the sulfonamides arc 
)f generally ineffective. Occasional dramatic results 
have been obtained with massive doses of pcnicil- 
c tin (40 to 100 million units daily), ond this should 
.1 be tried in any patient who is seriously ill with a 
y rcfractoiy infection such as endocarditis or menin- 
if gitis. 

is Antibiotic therapy is usually ineffective in ter- 
1 - minating the carrier state in persons continuing to 
^ excrete salmoncllas after an acute illness. Cbole- 
e cystectomy is often effective in eradicating the 
a chronic carrier slate in patients with gallbladder 
s- disease. 
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Surgically accessible suppurative lesions should 

be drained. 

REFERENCES 

Bengilon, E., ct nl.: Epidemic Due to SQ/rnonel/o typht- 
murium (DrcsLiu) Occurring in Sweden in 1953; 
Witli Special Reference to Clinlc.rl Complic.'itlons, 
Bacteriology, Serology, Antibiotic Treatment and 
Morbid An.atomy, Acta. Med. Scand , 153:1, 1953. 

Bennett, I. L, Jr., and E. W. Hook: Some Aspects of 
Salmonellosis, Arm. Rev. Med., 10:1, 1939. 

Black, P. n., L. J. Kunz, and M. N. Swartz: Salmonel- 
losLs — A Res-Iew of Some Urrusual Aspects, New 
Engl. J. Med., 202:811, 891. 921, 1960. 

!!ar\ey, A. M.: Se/moneWa suipesllfer Infection in 
Human Beings, Arch. Inlcm.al Med., 59:118, 1937. 

Cezon, II. M.: "S.nlmonellosis,” Diseasc-a-Month Series, 
Chicago. Year Book Publishers, July, 1959. 

Saplira, I., and M. Wasscmian: Se/monel/o choleraesuh: 
A Clinical and Epldcmlologica] Evaluation of 329 
Infections Identified bctwTCn 1010 and 1954 in the 
New York Salmonella Center, Am, J. Med. Scl., 
228:523, 1951. 

Scligman, E., I. Saphra. and M. Wasserman: Salmonella 
Infections in the U.S.A., J. Immunol, 51:63, 1940. 


lOe BACILLAKY DYSENTERY 
(Shigella Infections) 

Ivan L. Benneff, Jr. 

Definition. Witli rare exceptions, human infec- 
tion by bacteria of the genus S/ilgeffa (often called 
the "dysentery bacilli") is limited to the intestinal 
tract and is characterized by fever, abdominal pain, 
and diarrhea. In clinical practice this disease is usu- 
ally called “bacillary dysentery"; a preferable term 
is “shigellosis," but this has not achieved wide 
usage. 

Etiology. The shigellas are short, nonmoUle, 
gram-negative bacilli which either fail to ferment 
lactose or do so only slowly. Their biochemical 
characteristics are sufficiently constant to serve as 
a reliable guide in identification, although definitive 
typing into species is dependent upon complex anti- 
genic analysis. There is considerable confusion 
about the nomenclature of this genus. The official 
classification (Kauffmann) consists of group A, 
the shigella unable to ferment mannitc, and groups 
B, C, and D, the mannite fermenters. There are 
several numerically designated types in each group. 
The organisms are still vvidely referred to by earher 
terminology. The most important species from a 
clinical vie\vpoint are Shigella shlgae (S. dijsen- 
teriae; the Shiga-Kruse bacillus), S. fienneri (S. 
paradysenieriae) , S. boydii, and S. sonnet. Two 
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species, S. alkalescens and S. dlspar, are almost 
never associated with outbreaks of diarrheal dis- 
ease and are thought by many to be better classi- 
fied as saprophytic coliforms than as enteric patho- 
gens. Isolation of either from the stool of a patient 
wnth diarrhea does not establish a diagnosis of 
bacillary dysentery. 

ShfgeUa shigae contains a substance that is neuro- 
toxic for animals and resembles a true exotoxin. 
Evidence for a significant role of this toxin in hu- 
man disease is lacking. All shigellas possess endo- 
toxins, similar to those of other gram-negative 
bacilli, but the manifestations of bacillary dysen- 
tery cannot be attributed to these substances, either. 

Epidemiology. In contrast to the salmonella 
group, which is widespread throughout the animal 
kingdom, shigefias live primarily in the gut of man, 
atdiough monkeys and, rarely, dogs may excrete 
the organisms. The convalescent or asymptomatic 
carrier is the principal reservoir of the disease. The 
only Important route of spread is fecal-oral; trans- 
mission is indirect by means of food, utensils, tow- 
els, etc. Watt and Hardy have conducted culhiral 
surv'cys in this country and have found carrier 
rates ranging from 10 per cent of the population in 
certain parts of New Mexico to 0.1 per cent in New 
York City. Studies such as that of FhObrook have 
shown that excretion of shigellas by carriers is so 
Intermiltent that, practicaUy speaking, their detec- 
tion and treatment on any large scale is impossible 

In regions of the world where sanitation is poor 
and under conditions such as mobilization of troops 
in the field, epidemics of dysentery are common 
Outbreaks arc rarely explosive but develop over a 
period of several weeks. The ability of some shigella 
strains to survive in sea water for 3 days was shown 
by Cheever to be responsible for ship-to-ship spread 
of dy'scntciy among naval personnel Flies can trans- 
mit the infection by mechanical contamination, and 
in warm climates where sewerage is primitive, the 
number of cases of dysentery parallels the fly count, 
and fly control is important in prevention. 

In the civilized countries of the world, large out- 
breaks of shigella dysentery are now rare, with the 
exception of so-called “asylum” dysentery, occur- 
ring in mental institutions and orphanages where 
there are close contact and unusual opportunity for 
fecal soiling among the feebleminded or youthful 
inmates. 

Pathogenesis. The monkey is the only laboratory’ 
animal in which shigella dysentery can be produced 
with regularity. In volunteer studies, it has required 
the ingestion of surprisingly large numbers of ba- 
cilli to establish infection in man. 

Multiplication of ingested bacilli in the intestinal 
tract is followed by a diffuse enteritis. The rectum 
and sigmoid are almost always involved, and in 
severe cases, the entire colon and terminal ileum 
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may be diseaspcl. The infection remains localized in 
l)jc intestinal wall, llicrc beJn" no Icndcmcy to 
inx’asion cjf the blood stream or biliarj' tract as in 
tsphoid fescr or other salmonella irtfections. The 
luimn of tlic affected segments is covered by a 
fibrinous exudate containing large numbers of neu- 
trophils. and as necrosis of mucosal colls develops, 
superficial ulcerations that bleed easily appear. In 
severe cases, the ulcers enlarge and coalesce until 
only a few scattered patclics of intact mucosa re- 
main on the raw and inflamed surface. Il'hilc the 
infiammatory process sometimes involves the sub- 
mueosa and musculuns, with resulting edema and 
thickening of the intestinal wall, perforation is very 
rare. The sjstcmic effects of the disease result al- 
most entirely from losses of fluid and electrolytes 
with the diarrhea. 

Even in untreated cases, spontaneous recovery 
usually occurs w ilhin a few days, with rapid restora- 
tion of the Intestinal mucosa to normal. The mech- 
anism of this is not knowm. It is clearly unrelated 
to serum antibody fonnation, and the suggestion 
that bacteriophage may be involved Is unsupported. 

Relapses arc sometimes seen, and second attacks 
are not infrequent. These are, again, unrelated to 
scnim antibody levels Residency in endemic areas 
in the tropics is well known to lead to resistance to 
chmcally apparent attacks of bacillary dyscnteiy. 
The* basis for this “seasoning” is abo unknown. 

Manifestations. The incubation period is usually 
24 to 48 hr. Colicky abdominal pam i$ followed 
within an hour by profuse diarrhea Fever up to 
I0<*F. occasionally with chills, occurs, and nausea, 
vomiting, headache, and malaise develop rapidly. 
Stools arc watery, greenish, and imtaUng and 
contain shreds of mucus and, often, flecks of blood. 
In a few p.'itients, there may be profuse bicciling. 
Tenesmus and straining arc prominent accompani- 
ments of the dianhca. Dojicnding upon fluid losses, 
the patient may become profoundly dehydrated, 
and circulatory collapse can occur, especially in 
elderly or debilitated patients. There is generalized 
abdominal tenderness without rigidity or localizing 
signs Rarely, the spleen is palpable. Sigmoidoscopic 
examination reveals diffuse mucosal inflammation, 
often With multiple ulcerations The ulcers arc not 
so large and sharply demarcated as those of amebic 
colitis, and m amebiasis the intervening mucosa 
IS usually uninffimcd. 

Spontanrous recovery within 2 to 7 d.-i)s is usual, 
witli rekipses in alwul 10 per cent of the eases 
unless chemotherapy is given. Cliildrcn under two 
years of age and elderly indiv iduab are usually more 
severely ill. and Uie mortality rate is highest in these 
groups 

S/iigel/o ihigar proihtccs the severest infections; 
mortality rales of 23 to 50 per cent have been 
recorded hi epidemics protluccd !iy this speries. 
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n which is, fortunately, very uncommon in the United 
D States. 

n Chronic bacillary dysentery is virtually unheard 
e of in thb country’, but it is said to occur in the 
a tropics, especially after Shiga infections. The role 
I- of reinfection in such eases has not been evaluated, 
5, and many of tlicse cases probably represent amebic 
n infections. Patients may continue to shed shigellas 
il after convalescence; the tnic incidence of the car- 
y tier state is probably higher than has been realized, 
c in view of (he intermfltency with whfcJi positive 
(- cultures have been obtained in carefully controlled 
d foUow'-up studies. 

y Complications include acute arthritis, usually in- 
I- volving n single, barge, weight-bearing joint during 
•s convalescence. Joint fluid is sterile. This complica- 
tion is unusual in patients given cliemolhcrapy and 
y is most likely to follow infections w’ilh S. shigac 
i- which have a protracted course. Reiter’s stjudrome, 
i- the triad of arthritis, conjunctivitis, and urethritis, 
d is thought by some to be a sequel of shigella in- 
n fections. Tills is discussed on p. 1907. 

I. There is no convincing evidence to support the 
s assertion Uiat baeiUary dysentery and chronic 
o ulcerative colitis ore ctiologically related. 

IS A few instances of perforation of the colon have 
0 been reported. Shigella organisms have been iso- 
f. latcd from abscesses, but tliis is very uncommon. 

Shigella olkalcseens has been reported as the causa- 
y live agent in acute pyelonephritis and h.ns been iso- 
d bled from the blood in rare instances, many of 
0 these infections have been in children. 

I, Laboratory Findings. The blood leukocyte count 
f. In bacillary dysentery is normal Ch.'ingcs in crythro- 
d c)-t€S and urine arc seeond.'iry to dehytlratfcni. Ml- 
I. croscopic ev.aminalion of the stool reveals shreds of 
j. mucus, crythroc^'tes, and polymorphonuclenr leiiko- 
i- cytes. Pus cells are not characteristic of the stools 
s. in amebiasis, although they occur in salmonella 
1, enteritis. 

n The causative organism can be isolated in most 
J cases from stool cultures, using feces emulsified in 
g saline solution. A better technique for obtaining 
c cultures is to sw'ab the rectal mucosa. Preliminary 
1 , incubation in a medium such as selenite F is hclp- 
>l ful. but cultures can lie stre.aked directly onto SS 
c or deso'cycholalc citrate agar plates. A positive tliag- 
a nosis should be obtained in at least SO per cent of 
eases of bacillary dysentery. 

I. Serologic changes arc not diagnostic because of 
:s the many cross reactions wnlhin the shigella group 
o and vvith other enteric bacilli, 
c Diagnosis. Shigelb infection should l>c suspected 
c in every febrile diarrheal illness, especially if it oc- 
curs in epidemic form Outbreaks of sf-aphyloeoccal 
i; food poisoning or salmonella gastroenteritis are usii- 
n ally more explosive tinn those of bacillaTy dys- 
5, cntciy. Staphylococcal food poisoning is ordinarily 
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an afebrile disease in which nausea and vomiting 
are very severe; salmonella infection can be dif- 
ferentiated with certainty only by bactcriologic 
studies. Amebic colitis is rarely epidemic; its onset 
IS not usually abrupt and prostrating, and motile 
amebas are found in the stools. Diarrheas of viral 
origin are usually unaccompanied by mucus and 
blood in the stools, but this is not invariable (see 
p. 1134). 

In children, the onset of otitis, tonsillitis, pneu- 
monia, poliomyelitis, or osteomyelitis is often ac- 
companied by diarrhea, but careful clinical exam- 
ination usuaUy clarifies tlie situation. 

Treatment. The sulfonamides are highly effective 
in shigella infections. Sulfadiazine, 4 Gm initially, 
followed by 1 Gm every 4 to 6 hr, is adequate. 
Fluid intake is very important in patients with diar- 
rhea given sulfonamides. Poorly absorbed drugs 
such as Sulfasiixidine (3 to 4 Gm every 6 hr) are 
effective but offer no advantage. Treatment should 
be continued for 7 to 10 days. Many strains 
of Shigella are resistant to sulfonamides. Oral chlor- 
amphenicol and tetracyclines are effective in a dos- 
age of 1 to 2 Gm daily. Streptomycin and poly- 
myxin B have been used in a dosage of 0.5 to 1.0 
Gm daily by the oral route with good success. 

Fluid replacement sufficient to maintain urine 
output of 1,000 ml per day is important; intrave- 
nous infusion is sometimes needed, and rarely, blood 
transfusion is required because of excessive blood 
loss. 

The diet Is unimportant. In many patients, symp- 
toms are aggravated by ingestion of food or fluid, 
and it is advisable to rely on the parenteral route 
during the acute phase of the disease. Paregoric, 
codeine, or morphine often alleviates abdominal 
cramping, diarrhea, and tenesmus. 

Chloromycetin is more effective in eliminating 
shigellas from the stools of chronic carriers than are 
the sulfonamides. 

Prevention. The most important prophylactic 
measures are the maintenance of proper sanita- 
tion and adequate sewage disposal. The detection 
and elimination of carriers is difficult and rarely 
practicable. Various vaccines, oral and parenteral, 
have been used, but extensive experience offers no 
indication that parenteral vaccine exerts a signifi- 
cant protective effect. The wade range of potentially 
pathogenic species, necessitating a polyvalent vac- 
cine, is another discouraging aspect of this ap- 
proach to prophylaxis. 
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CHOLERA 

Ivan L. Bennett, Jr. 

Definition. Cholera is an acute infection of the 
gastrointestinal tract caused by Vibrio comma. The 
disease is characterized by its epidemic occurrence 
and the production of vomiting, massive diarrhea, 
and rapid, severe dehydration 

Etiology ami Epidemiology. Vibrio comma is a 
curved, aerobic gram-negative bacillus with a polar 
flagellum. It is motOe and possesses both 0 and H 
antigens. Serologic identification of several strains 
of cholera vibrios is based upon secondary antigenic 
differences. 

Cholera is endemic and often epidemic in South 
and Southeast Asia, particularly in India and 
Pakistan. The disease has not been epidemic in the 
United States since 1873, but its potential distri- 
bution is world-wide. The last significant European 
outbreaks occurred during the First World W.ir 

The organisms are transmitted in food or beverage 
contaminated by infected feces. Flies are impor- 
tant in spreading the disease, and many epidemics 
have bcCT waterborne. Spread of the disease is 
highly unlikely where adequate sanitation exists, 
and although poor diet and prior enteric disease 
probably predispose to cholera, crowding and poor 
sanitation are primarily responsible for its con- 
tinuing presence in Asia. 

The reservoir of infection between epidemics 
is a mystery. It has been postulated that the organ- 
ism survives in nature in a lower animal host or in 
a “masked form," but this has not been establislied. 
Chronic carriers of the organism have not been 
found and, presently, the spread of the disease from 
person to person by patients in the incubation or 
convalescent stages of illness or by patients with 
“subclinical" infection is the most acceptable ex- 
planation of the persistence of infection. The fre- 
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quency of subclinica! infection is not actually tension go too long uncorrccted, and secondai)’ 
knowii, but there is enough variation in the severity infection. Cholera tends to affect populations where 

of the disease in its recognizable form to suggest health and nutrition are generally poor, and, oc- 

strongly that as)’mptomatic infections occur. casionally, convalescence is marked by the sudclei^ 

Pathogenesis. The mechanism of the injurious appearance of clinical signs of vitamin deficiency, 

action of tlie cholera vibrio upon the intestine is Laboratory Diagnosis. In epidemics or in endemic 
unknown. Fractionation of the bacillus has yielded areas, the clinical picture should arouse strong 
picparations that arc toxic or lethal when injected suspicion immediately. Sporadic confusion of chol- 
into animals, but none of these elicits any effect that era, especially a milder attack, with other diarrheal 
secins related to the disease in man. The vibrio pos- diseases is not infrequent. Stool specimens stained 
scsses a highly active mucolj tic enz)7ne, and It has with carbolfuchsin will show a typical swarm of 

been postulated that this substance produces exlen- vibrios, the 50*callcd “fisli-in-strcam’’ appearance- 

sue desquamation of intestinal epithelium with Culture of stoolin alkaline (pH 8.4) peptone watef 

resultant massive exudation of Quid into the lumen at 37®C results in typical surface growth vvithit> 

through llie denuded surface Autopsy descriptions 8 hr. Further confirmation requires subculture 

of extensive mucosal loss in cholera have been and agglutination with specific serum, 
frequent. However, study of serial intestinal biop- Therapy. Fluid replacement should be generoa* 
sies obtained during the course of cholera has made and prompt. It was long the custom to give hmited 
it clear that there is no mucosal defect (autopyi amounts of fluid because it was held that th? 
findings presumably having been postmortem auto- diarrhea would be aggravated by attempts at com' 
lytic phenomena), although goblet cell actlvn^ is plete restoration. Generous amounts of physiologic: 
increased and the submucosa is nonspccifically in- saline should be infused. The addition of glucose: 
flamed The stools of patients with diolera are or tluamine is permissible but not mandatory Aei' 
profuse, nonbloody. and watery, containing nu- dosis is rather frequent after a day or two and i# 
merous flecks of mucus (not mucosal cells) which best corrected by sodium bicarbonate or lactate- 
Impart .n characteristic “nee water" appearance. Occasionally, hypertonic solutions may be needed 
The stool is a transudate, containing very little later in the course to correct a deficit rcsultingl 
protein, the concentrations of sodium and chloride from continued electrolyte loss or overdilufion 
arc less than those of plasma whereas both btear- Some patients may require os much as 25 liters 
bonatc and potassium are lost in concentrations of fluid within 72 hr; in one series, the average 
well above those of plasma, indicative of the fact amount infused was 16 liters. While the hematocrit 
that something more than simple filtration of lias been used as a rough guide in fluid tlierapy, 
plasma is involved Although understanding of the fact that so many patients with cholera are 
the defect in intestinal function is Incomplete, these already anemic makes it unreliable. By far the best 
findings have important bearing upon therapy of indicator is the blood specific gravity, easily deter- 
the disease. mined by die copfier sulfate method. The goal 

Manifestations. After an incubation period of 1 should be to reduce this value to normal (1.050); 
to 3 days, during which time there may be some it Is often as high as 1.070 when patients are first 
caaUiSA Qc cavld dvixcbfia., there U the explosive seen, 

onset of massive diarrhea and vomiting. Tenesmus \Vhile sulfonamides, tetracyclines, and chloram- 
and nausea are usually absent. Several liters of phenicol are effective in vitro against V. comma, 

fluid may be lost within hours, and because patients they do not shorten the course of cholera in man 

can retain nothing ingested, dehydration is rapid and do not influence mortality. Stools become nega- 

and muscle cramps are frequent and severe. Urine tive for cholera vibrios sooner in patients given 

output ceases, patients become lethargic and weak these dnigs, however, an important point in terms 

with cold skin, tachycardia, and hypotension, of reducing infectiveness. Presently, it can be said 

Cholera is not a febrile disease, and patients are that use of these antibacterial drugs is justified, but 

usvnlly oriented and responsive. tliey arc no substitute for and do not modify the 

In any epidemic, there are many milder cases need for vigorous replacement of fluids and eJec- 

in which diarrhea and vomiting are not severe trolytes. 

enough to lead to hospitalization; the importance Prognosis. Under ideal conditions, prompt ther- 
of these in spread of the disease is obv ious. apy will reduce mortality to 5 per cent or less. 

The disease runs its course in 72 to 96 hr, and However, because of the remoteness of areas in 

Ih adequate fluid replacement patients often which epidemics occur, because emergency facili- 

tum to normal with surprising speed. The hn- lies almost always involve compromises, and be- 

irtant complications are uremia, a result of tubular cause of difficulties in initiating treatment promptly 

•crosis, in patients whose dehydration and hypo- when large numbers of cases are occurring in 
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poverty-stricken populations, death rates as high 
as 50 per cent are still to be expected, especially in 
initial phases of an outbreak. 

Prevention. Vaccination is effective in preventing 
infection. After an initial course of two or three 
injections, a booster should be given at 6-month 
inter\'als as long as an individual resides in an 
endemic zone. The final control of the disease will 
come only with proper sanitary facilities and prac- 
tices. 
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Section 5: Diseases Produced by 
Other Gram-negative Bacilli 


Toy HEMOPHILUS 
lAl INFECTIONS 
Louis Weinstein 

The genus Hemophilus consists of nonmotile, 
gram-negath’e rods or coccobaciUi which require 
specific groNVth factors (X and V) for multiplica- 
tion. The organisms of importance in human disease 
are H. influenzae, H. pertussis, H. ducreyi, the 
Koch-Weeks bacillus, and Moraxella lacunata. Two 
other species are found in the pharynx of normal 
individuals and, rarely, may produce pharyngitis 
(H. hcmoZi/ficus) or endocarditis {H. parainfluen- 
zae). The site invaded most frequently is the 
respiratory tract, and the organisms responsible 
for the bulk of infections are H. influenzae and H. 
pertussis. 

hemophilus influenzae infections 

Hemophilus influenzae produces a wide variety 
of diseases in many organ systems. The organism 
'vas first isolated by Pfeiffer during a pandemic of 
influenza in 1890, and was thought to be the causa- 
tive agent of this disease. During the 1918 influenza 
pandemic, extensive bacteriologic investigations re- 
vealed a high incidence of H, influenzae in the 
nasopharynx and lungs of patients in many parts 
of the world. 


Etiology. f/cmop/ii7us influenzae is a gram-nega- 
tive, nonsporulating, pleomorphic rod In exudates, 
the organisms arc usually predominantly cocco- 
baciUary and can be mistaken for pneumococci or 
meningococci. Some strains demonstrate bipolar 
staining, and badllary forms that vary from short 
rods to long filamentous ones occur. The pleomor- 
phism of the organism is its most striking feature. 

Hemophilus influenzae grows well on chocolate 
ag.ir and Lcvinlhal’s medium, which has the ad- 
vantage of being transparent. On LevinthaTs agar, 
typical colonies are iridescent when viewed by 
obliquely transmitted light when they are about 
4 to 6 hr old; this property disappears after 24 hr. 

Virulent strams of the influenza bacillus are en- 
capsulated Although it had been thought that 
strains without capsules were nonpathogenic, recent 
observations have implicated such strains in infec- 
tions of the respiratory tract. On the basis of specific 
capsular polysaccharides, H. influenzae may be 
classified into six types. Type B produces about 
93 per cent of human infections. Three of the 
types are iromunologically related to certain pneu- 
mococci. Influenza bacilli lack certain enzyme sys- 
tems common to most bacterial species, and veiy 
little fermentation of carbohydrates lakes place. 
Like pneumococci, this organism is soluble in bile. 

Epidemiology. Hemophilus influenzae infects 
only man naturally. It is not ordinarily invasive for 
any of the smaller animak, although monkeys can 
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be infected expenmenla]Iy. Although the pathtv- 
genicity of tiie influenza bacillus is closely related 
to the presence of the capsule, nonencapsukitcd 
strains can also produce disease. 

The incidence of II. infiuenzae infections is great- 
est in the winter and early spring. Nose and throat 
cultures during these seasons reveal encapsulated 
or noncncapsnlatcd strains in many asymptomatic 
individuals. Penicillin therapy increases the inci- 
dence of positive tiiroat cultures in a population. 

Children lu the first 2 months of life ha%c a high 
Jeicl of bactericidal antibody for II. influenzae, 
passively transferred from the mother. Belw'cen the 
ages of two months and three years, most children 
show little serum bactericidal capacity, but with 
aging, the number of {ndi\iduals whose blood exerts 
a lethal action against the organism increases. 

The influenza bacillus is transmitted by way of 
the respiratory tract from carriers or active cases 
of infection 

Palliology. The diaracteristic tissue response pro- 
duced by II. influenzae is acute suppurative inflam- 
mation Infections of the larj-nx, trachea, and bron- 
chial tiec arc characterized by inflammation and 
edema of the mucosa .and the presence of thick 
exudate, and invasion of the lungs results in a 
bronchopneumonia similar to that produced by 
other bacteria. Sw’elhng of the small radicles of 
the bronchial tree Is common, and particularly in 
young children, a severe, diffuse bronchiolitis can 
occur. In influenzal meningitis, the vertex of the 
brain is covered with thick, greenish-yellow exu- 
date. 

Mteroseopie CMminat/on of the lesions produced 
by fl. influenzae reveals an exudate consisting pri- 
marily of polymorphonuclear leuVocy’tes and large 
numbers of organisms enmeshed in fibrur. 

Clinical Manifestations. Infections due to IJ. 
influenzae ore usually accompanied by a constitu- 
tional reaction. In severe disease, there is high fever, 
usually without rigors, and generalized malaise In 
milder infections, systemic manifestations are slight 
and fei'er is inconstant. 

Tlie most important manifestations of influenzal 
infection result from disturbances at the primary 
sites of bacterial multiplication The commonest 
diseases produced by II. influenzae arc pharyngitis, 
epiglottitis, laryngotracheitis, pneumonia, bronchitis 
and bronchiolitis, otitis media, and menin^tis. TTie 
symptoms and signs of influenzal Invasion of the 
respiratory tract or meninges are similar to those 
f infection of these areas by other organisms, and 
lifferential etiologic diagnosis depends upon epi- 
lemiologic background, the age of the patient, and 
lomonstration of the causative agent. 

P/iarynpilij. Hemophilus influenzae is a relatively 
ommon cause of pharyngitis in children, and aaitc 
nllucnzal pharyngitis is being observed willi in- 
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creasing frequency in adults, where it often occurs 
as a complication of the chemotherapy of other 
infections, E.xaminatjon of the throat usually re- 
veals only marked redness and injection. Very 
rarely, patches of soft j’cllow exudate may be pres- 
ent. The pharyngitis tends to persist for many days 
unless properly treated. Discomfort in the pharyax 
is often out of proportion to the physical findings. 

CpifiloUilis. Disease of the upper respiratory 
tract produced by II. influenzae is sometimes limited 
to the epiglottis, which becomes reddened, swollen, 
and stiff. Discomfort in the hypopharjTix and 
“croupy” breatliing may progress to a point at 
which tracheotomy becomes necessary. This dis- 
ease is rare in adults. 

LaryngotracheohronchUis. The entire latyngo- 
tracheobronchial tree may be the site of infection, 
with resulting rapidly progressive obstruction of 
the airway. “Croupy” cough is accompanied by in- 
creasing signs of respiratory embanassment, and 
tracheotomy is sometimes ncccssaiy. Influenzal 
laryngotracheitis is very rare in ndults. The disease 
can lead to death within 18 to 24 hr. 

Pnctimonio. Primary pneumonia due to H. influ- 
enzae. wth rare e.xceptjons, is a disease of children 
In the adult, it is usually secondary to viral influ- 
enza, measles, or bacterial pneumonitis. It may 
complicate rubeola or pertussis in the young. 
Bacteremia occurs in approximately one-third of 
the cases 

Bronehiris anrl Bronchiolitis. Severe, diffuse bron- 
chiolitis characterized by persistent nonproductive 
cough, wheezing, and dyspnea occurs in children 
Physical examin-ition usually reveals lou'erfng and 
fixation of the diapliragms, prolonged expirations, 
and typic.i!]y asthmatic breathing. Roentgeno- 
graphic examination of the chest reveals increased 
radiolucence, and flattening of the diaphragms con- 
sistent wjth emphy'sema. This is an extremely seri- 
ous illness and unless promptly recognized and 
treated may be rapidly fatal. 

The factor of infection contributes significantly 
to the clinical manilestations and progressive de- 
terioration in established chronic bronchitis or 
“senile emphysema" in adults Among the h.ictcr?a 
invoK’cd, the pneumococcus and II. influenzae arc 
the commonest; the latter has been isolated frorh 
the respiratory tracts of SO to 90 per cent of patients 
In some groups. 

Otitis MciUa. Hemophilus influenzae is a common 
cause of suppurative otitis media in children; the 
infection is uncommon in adults. Influenzal middle 
ear disease is indistinguishable on clinical grounds 
from infection due to other bacteria. 

Aleningitis. The influenza bacillus is the com- 
monest cause of meningitis between the ages of 
six months and two years and is frequent in later 
childliood. In adults, it may follow operation on 
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or injuiy to the head. The author has studied one 
adult in whom spinal anesthesia, in the presence 
of a severe sore tliroat, was followed within 24 hr 
by meningitis due to type B H. influenzae. Ninety- 
five per cent of cases are produced by type B 
organisms, a few by type A, and a rare one by 
nonencapsulated strains. About two-thirds of the 
patients have a preceding infection of the upper 
respiratory tract, and about one-third have broncho- 
pneumonia. Signs of meningeal initation, stiff neck 
and back, and positive Kemig and Brudzinski signs 
are usually prominent, except in very young babies 
in whom bulging of the fontanels may be the 
only sign. The diagnosis should be suspected be- 
cause of the age of the patient and the frequent 
prodrome of respiratory infection; it is confirmed 
by identification of the organisms from the spina] 
fluid or blood. 

Other Diseases. Subacute and acute bacterial 
endocarditis may be produced by H. influenzae, 
although more infections of the heart valves have 
been due to H. parainfluenzae. The influenza bacil- 
lus is a rare cause of suppurative pericarditis. In 
the winter, acute con/unctioif/s may be due to H. 
influenzae. \VhUe there are no clinical features 
which distinguish this from "pink eye” produced 
by the Koch- Weeks bacillus, epidemics of conjunc- 
tivitis due to the latter are most common in the 
summer. Although it has been suggested that II. 
influenzae and the Koch-Weeks bacillus are identi- 
cal, more recent observation has indicated that, 
although they are antigenically related, they are 
distinct species. MoraxcUa lacunata is also an occa- 
sional cause of acute purulent conjunctivitis. Acute 
pyogenic arthritis due to H. influenzae has been 
reported. One of the very important lesions in 
which this organism plays a role in the adult is 
hronchiectasis. Together with other pyogenic bac- 
teria, it can be responsible for the perpetuation of 
this disease. 

Laboratory Findings. As a rule, infections due 
to H. I'n/liienzae are accompanied by polymorpho- 
nuclear leukocytosis ranging from 15,000 to 30,000 
per cu mm. In young cluldren with severe disease, 
leukopenia (2,000 to 3,000 leukocytes per cu mm) 
vvith a deficiency of polymorphonuclear leukocytes 
can occur. Bacteremia is of irregular occurrence in 
influenzal infections of the respiratory tract but is 
demonstrable in about 50 per cent of cases of 
meningitis. 

Course and Complications. The course of H. 
influenzae infections is influenced completely by 
the location of the disease. Epiglottitis, laiyngo- 
tracheobroncliilis, bronchiolitis, or pneumonia may 
be fulminating, particularly in young children. 
Some of these patients succumb to the uncontrolled 
infection, but in many, the cause of death is ob- 
struction of the airway. This cannot always be 
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relieved by surgical methods, because impediment 
to flow of air is most marked in the smaller radicles 
of the bronchial tree. Virtually 100 per cent of 
untreated cases of influenzal meningitis terminate 
fatally. Internal and external hydrocephalus, brain 
abscess, subdural empyema, diffuse cortical necro- 
sis, and shock (the Waterhouse-Friderichsen syn- 
drome) are possible complications. With specific 
therapy the incidence of compb'eations is generally 
sharply reduced. However, if subdural aspiration 
is carried out routinely in children with influenzal 
meningitis which is responding to antibiotics, sterile 
fluid is demonstrable in about half the cases 
Neurologic disturbances from subdural effusions are 
uncommon. Epileptiform seizures can occur while 
the disease is responding favorably to chemo- 
therapy. 

Treatment. Specific serotherapy is presently used 
only in unusual situations. The sulfonamides, strep- 
tomycin, the tetracyclines, and chloramphenicol 
inhibit H. influenzae Streptomycin is very effective 
but has the disadvantage of leading to the rapid 
development of bacterial resistance. Sulfadiazine 
or sulfisoxazole (Gantrisin) is effective in influenzal 
pharyngitis, but the tetracycline compounds are 
more active than the sulfonamides and are preferred 
for the therapy of lesions involving the respiratory 
tract. There is controversy concerning the treatment 
of influenzal bacterial meningitis, but several facts 
are clear. The sulfonamides should never be used 
alone. Streptomycin, given both intramuscularly 
and inlraspinally, reduces the mortality rate, but 
about 10 per cent of patients develop drug-resistant 
organisms 48 to 72 hr after initiation of treatment. 
The tetracyclines alone do not eradicate the menin- 
geal infection. Chloramphenicol (50 to 75 mg per 
kg body weight per day) and sulfadiazine (0 1 
Gm per lb body weight per day, the initial dose 
being one-half the quantity required daily) con- 
stitute the preferred regimen in many clinics. Death 
or complications still occur, and clearing of the 
organisms from the spinal fluid may be delayed. 
In the author’s experience, the most effecti\’e 
therapy is as follows. Streptomycin (no more than 
25 mg in children under age three and 50 mg in 
older ones) diluted in 10 ml saline is injected 
intiaspinally at the time the diagnosis is established 
and once again 12 hr later; the drug is not adminis- 
tered intraspinally after the second dose. Strepto- 
mycin (0.5 to 1.0 Gm daily in divided doses, de- 
pending on the age and size of the patient) is 
given intramuscularly, and sulfadiazine or Gantrisin 
is administered in quantities suSicient to produce 
a blood level of 12 to 15 mg per 100 ml. Treat- 
ment is continued for 2 weeks. In about 100 
consecutive cases of influenzal meningitis so treated 
there have been no deaths and no detectable com- 
plications. 
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PERTUSSIS 


DISEASES DUE TO BIOLOGIC AGENTS 


Wljooping cough is a common disease which 
affects about 85 per cent of alJ unimmunfzctl diil- 
tlren. It is characterized by an inflammatory re- 
action ins'olving the entire respiratory tract which 
produces paroxysmal cough and the typical in- 
spiratory stridor, or "whoop.” 

Etiology. The causative agent is 7/cmophf/us per- 
tussis (also called Bonlatdla pertussis), a short 
or ovofd gram-negative, nonmotife, nonsponi/ating, 
facultatively anaerobic bacillus. It shows very little 
tcndenc)’ toward pleomorphism. Bipolar staining 
is fre<]uent, and encapsulation can be demonstrated 
by special stains. 

The pertussis bacillus requires both the X and 
V factors for grow ih, especially for initial isolation, 
and multiplies best on Bordet-Gengou medium. 

IIcmophQtis pertussis is a uniform antigenic 
species, without foed variation or types. 

The pertussis bacillus produces no demonstrable 
endotoxin, although it has been postulated that 
some of the clinical features of whooping cough 
may be due to such material; definite evidence for 
(Ins is helping. 

Epidemiology. Pertussis is world-wide and may 
be endemic or epidemic. If the disease has not 
been present for several years, it tends to assume 
epidemic proportions when it reappears. In some 
geographic locations the disease is most common 
during the winter, and in others it Is seen with 
greatest frequency in the late summer and fall. 
The Index of contagion is SO to 100 per cent, about 
200,000 cases occur in the United States each year. 

Approximately dO per cent of cases of pertussis 
occur in the first two years of life; the same number 
IS observed between two and Eve years. At least 
50 per cent of all children have had whooping 
cough before (hey reach (he age of five and 75 
per cent by the age of seventeen. 

Pertussis is spread by droplets from the respira- 
torj’ tract It has been suggested that, rarely, the 
organisms may be transmitted by fomites. The 
infcctivity of the disease during the incubation 
period IS questionable, it is most contagious during 
(he catarrluil stage. Healthy cacriers play no role 
m dissemination; mild or missed cases are of great 
importance Tlie duration of contagiousness is about 
1 to 0 weeks. 

Pathology. The initial lesion in whooping cough 
is hvpcrplasia of the peribronchial Ij-mphoid tissue 
and trachcobronchi.il lymph nodes. Subsequently 
or perhaps coinddcnl.alJy, the bronchi, tracliea. 
larviix. and nasopharynx are involved in a necro- 
tizing inflammatory reaction. Tlic organisms arc 
present in Largo numbers between the cilia cd (he 
'epithelial cells lining the trachea and bronchi. It 
has been thought that the pulmonary alveoli are 


not imolved in pertussis, but there is often a diffuse 
bronchopneumonia with marked desquamation of 
the alveolar epithelium, and lymphocytic infiltration 
of the peribronchial tissues and alveolar walls. 

Clinical Manifestations. The incubation period 
of whooping cmigli averages 12 to 15 days, although 
it can be as long as 20 days. Tlie first clinical 
manifestations are nonspecific, consisting of slight 
nasal discharge, conjunctivitis, and mild cough 
without fever. This catarrhal stage lasts for 7 to 
14 days. 

The paroxysmal phase of pertussis follows tlie 
catarriuil stage and is characterized by paroxysms 
of coughing ending in a loud, crowing inspiratory 
noise (the whoop), the expulsion of varying quanti- 
ties of thick, mucoid sputum from the respiratory 
tract, and vomiting. Episodes of cough may be as 
few as I or 2 or as many as 40 to 50 per day. 
Children under the age of six months frequently 
do not whoop. The mere presence of a whoop is 
in itself not diagnostic of pertussis. Rarely, the 
paro.xysms of coughing and whooping arc replaced 
completely by sneezing. 

Fever of appreciable degree does not occur in 
the paroxysmal phase of pertussis unless complica- 
tions are present. Vomiting frequently follows 
speUs of coughing but is not a specific manifesta- 
Uon of the disease. Soreness over the trachea and 
tiuin bronchi are common. Spasm, ulcer, and, more 
rarely, edema of the glottis sometimes occur. In 
cases with severe vomiting and inability to retain 
food, serious inanition, wasting, and tetany may 
appear. 

There is a bleeding tendency in pertussis This 
has been attributed to the effect of an angiotoxin 
(not proved) elaborated by the organism which 
increases the ease of rupture of blood vessel walls. 
Hemoptysis, cpistaxis, purpura, and subconjunctival 
or intestinaf hemorrhages may occur hut are usuaffy 
of little clinical Significance- 

Physical examination in pertussis is often entirely 
normal. There may be redness and injection of the 
blood vessels of the nose and pharynx. Although 
there are usually no abnormal findings in tlie lungs, 
fine, crackling, “sticky” rales are sometimes present. 
Tlicre are idrers of the frenum of the tongue in 
about 20 per cent of cases; these occur only when 
the lower central incisor teeth are present. 

Tlic paroxysmal stage of pertussis usually lasts 
from 1 to 0 weeks, ^\^len coughing persists beyond 
6 weeks, it is usually due to the development of a 
so-called “habit whoop” and not to continuation of 
the disease. 

Laboratory FindinRs. The peripheral white blood 
count is, as a rule, elevated in pertussis. Tlie total 
count may be over 100,000 cells per cu mm. 
and lymphocytes may' constitute 90 per cent of 
the cells. All the lymphocytes are mature. This 
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helps to distinguish the blood picture from that of 
acute leukemia but not from acute lymphocytosis. 
Blood cultures are sterile. Cultures of the upper 
part of the nasopharynx reveal H. pertussis, the 
incidence of positive isolations vaiying with the 
stage of the disease. X-ray study of the lungs in the 
uncomplicated case usually reveals only hilar lym- 
phadenopathy and increase in the density of the 
bronchovascuJar markings. 

Complications. Bronchopneumonia occurs in 
from 1 to 10 per cent of cases; the organisms most 
frequently involved are the beta-hemolytic strepto- 
coccus, Diplococcus pneumoniae. Staphylococcus 
aureus, H. infiuenzae, and H. pertussis. \Vhen pneu- 
monitis appears during the coiuse of chemotherapy, 
the bacteria most often responsible are Escherichia 
coll, Proteus strains, Aerohacier aerogenes, or Pseu- 
domonas aeruginosa. Another important complica- 
tion is atelectasis: small areas of collapse are an 
almost constant finding in this infection, but major 
portions or even a whole lung may be involved. 
Pneumothorax is rare. 

The severe coughing of pertussis may lead to 
several complications. Hemorrhage may appear in 
the anterior chamber of the eye or in the retina. 
Detachment of the retina and blindness develop in 
rare cases. Prolapse of the rectum and inguinal or 
umbilical hernias have been noted. Otitis media 
is observed in about 10 per cent of cases; the 
organisms most frequently involved are the beta- 
hemolytic streptococcus and Staphylococcus aureus, 
although H. pertussis is someHmes responsible. 

Nervous system manifestations are not rare in 
pertussis. The commonest is convulsions; they often 
come with the sudden fever of secondary bacterial 
infection. Other causes of seizures are encephalop- 
athy (1 to 14 per cent of cases), multiple petechial 
or gross hemorrhages of the brain, and cerebral 
hypoxia due to Ae combined effect of anoxic 
anoxia and venous stasis in the brain. The en- 
cephalopathy is characterized by an increase in 
the protein and cell content of the spinal fiuid. Its 
etiology is unknowTi. Hyperreflexia, nuchal rigidity, 
cranial nerve palsies, areflexia, extensor plantar 
responses, flaccid hemiplegia, spasticity of the ex- 
tremities, opisthotonos, difiic^ty in speaking, 
itching, papilledema, nystagmus, blindness, stra- 
bismus, and difficulty in swalloxving can all occur. 
Some of the more important residua are mental 
retardation, recurrent convulsions, behavior and 
personab'ty disorders, amnesia, aphasia, diffuse cere- 
bral atrophy, chorea, athetosis, hydrocephalus, epi- 
lepsy, and idiocy. 

Diagnosis. The diagnosis of pertussis can fre- 
quently be made on clinical grounds alone. A knoxwi 
contact is helpful, but the appearance of paroxj'sms 
of t\-pical coughing and whooping, after a short 
period of an undefined upper respiratory tract in- 
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fection, is strongly suggestis’e. It must be stressed, 
how’ever, that in babies under the age of six months 
there is usually only paroxysmal coughing, without 
the characteristic whoop. 

An increased white blood count with a large 
increase in lymphocytes is characteristic; the lym- 
phot^te count must, however, be evaluated in rela- 
tion to the age of the patient. 

Isolation of H. pcritissis from the respiratorj' 
tract establishes the diagnosis; unfortunately this 
Is not possible in many cases. Using cough plates 
and nasopharyngeal swabs, positive cultures can 
be obtained in 90 per cent of patients in the 
catarrhal stage of the disease; pertussis, however, 
is rarely seen by the physician in this phase. The 
incidence of positive ^tures is lovv'er after parox- 
ysmal coughing appears, and decreases vviA tlie 
duration of symptoms. 

Serologic studies are of little or no help in estab- 
lishing the presence of pertussis. 

Prevention. Activ’C immunization is effective in 
preventing pertussis in the majority of mdividuals 
who are given vaccine. Immunization may be 
started at the age of three months; both antibody 
production and protection against invasion by If 
pertussis result. If the procedure is carried out at 
this early age, a "booster" injection should be 
administered at the end of the first year of life, 
and again just before the cliOd starts to school 
Although it is not commonly practiced, passive im- 
munity can be conferred on the newborn child by 
active immunization of the mother beginning In the 
sixth or seventh month of pregnancy. Vaccine 
should not be given in the presence of the active 
disease; not only is it useless, but it may provoke 
serious neurologic reactions. There is evidence that 
the administration of "quadruple” vaccine — polio- 
myelitis virus, tetanus and diphtheria toxoid, and 
H. pertussis — leads to some degree of suppression 
of the response to the pertussis baciUus. For this 
reason, it is suggested that poliomyelitis vaccine 
(formalinjzed) be given separately from the com- 
monly used "triple” vaccine. 

In children who have been exposed to a case of 
pertussis but have not been actively immunized, 
passive protection may be given bj' the injection 
of 20 to 30 ml human hyperimmune pertussis 
antiserum, or 2 ml immune y-globulin as soon as 
possible after exposure, and again 1 week later. 
Such prophylaxis is 75 to 83 per cent effective. 

Treatment. Although most of the antimicrolikil 
drugs have been employed in the treatment of 
pertussis, there is no incontrovertible evidence tint 
they are strikingly beneficial. Chlortctmcycline, 
chloramphenicol, oxj tetracycline, and ervlhrnmycin 
have been used, but the results obtained in con- 
trolled studies are not remarkable. 

There arc few controlled studies of scrum therapy 
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in whooping cough, bul in many clinics it is the 
practice to administer liuman hj’pcnmmunc serum 
(20 ml e\eiy 48 hr for three doses), or inwnunc 
y-globulfn (2 ml every 4S hr for three doses) to all 
children with pertussis under the age of two years- 

Most important in the program of therapy Is 
repair of the water and salt loss whidi follows 
severe and frequent vomiting. If failure to retain 
food is combated by prompt refeeding. whooping 
cough patients can be made to maintain or gain 
weight. 

Early detection and treatment of complications 
is one of the roost important factors in the reduc- 
tion of mortality in pertussis. The prompt recogni- 
tion of secondary bacterial infections of the lungs 
or middle ear and therapy with a properly select^ 
antibiotic agent lead to airc in practically all 
cases. When gross atelectasis occurs, correction by 
tracheal catheter suction or bronchoscopy may be 
lifesaving Little can be done to influence the course 
or outcome of such complications as gross cerebral 
hemorrhage or encephalopathy. 

Proper management of whooping cough has 
made the outlook for complete recovery cxccDenl. 
There have been only two fatalities in 500 patients 
with this infection in the last 8 years in the authors 
clinic, neither w as due to a preventable or treatable 
complication. 
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CHANCROID 

Albert Heyman 

Definition. Ch.mcroid is an acute, localized, 
venereal disease caused by the Diicrcy bacillus 
(llcmopMus ducreyi) . It is charactenzed by ulcera- 
tion at the site of inoculation and ly enlargement 
and suppuroUon of the regional lymph nodes. 

Etiology. The ctiologic agent of chancroid, {he 
Ducrey bacillus, is & short, plump, gram-negative 
organism with rounded ends. NVhen stained by 
special methods, the bacillus exhibits bipolar stain- 
ing. In the stained smears of genital lesions the 
organisms usually appear singly or in small dusters, 
but they may be arranged in long parallel columns 
between cells or shreds of mucus. Occasional!)', 
the bacilli are situated inlraccllularly. The organism 
can be cultivated in whole defibrinated blood or 
nutrient brolh containing blood. When grown Jn 
pure culture in a liquid medium, the Ducrey 
bacillus appears in long, tangled chains composed 
of both coccal and badihry forms. 

Incidence. Tlie number of cases of chancroid 
occurring every year cannot be determined satis- 
factorily, since accurate diagnosis of this condition 
is not generally attempted. A diagnosis of chancroid 
IS frequently applied to genital lesions improving 
with sulfonamide therapy in which tlie Treponerna 
palltdum cannot be demonstrated The disease is 
encountered in the West Indies, North Africa, .md 
the Orient, particularly in the lower economic 
groups of the population. It is also prevalent in 
the Southeastern part of the United States and is 
more frequent in Negroes than in whites. Approxi- 
mately 1,600 cases were reported in the United 
States in 1959; the true incidence is probably con- 
siderably higher. 

Pathogenesis. Chancroid is usually contracted by 
sexual intercourse, and the lesions are almost always 
located about the genitalia. The disease can np- 
parenliy be acquired from sexual partners who 
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show no evidence of an active chancroidal infection. 
The organism has been cultivated from the smegma 
and vaginal secretions in patients without clinical 
manifestations of the disease. Such individuals may 
be carriers of the Ducrey bacillus. The organism 
readily produces an infection when inoculated into 
open or slightly abraded areas of the skin or mucous 
membranes. Chancroidal ulcerations frequently oc- 
cur in areas of the genitalia, where minor abrasions 
may be present (fourchette of the vulva, edge of 
phimotic prepuce, and frenum) . After an incubation 
period of 2 to 5 days, a localized ulceration appears 
at the site of inoculation. This may be followed 
later by inflammation and suppuration of the re- 
gional lymph nodes. 

Chancroidal infection produces a distinct histo- 
logic appearance. The base of the ulcer is a shallow 
zone made up of poljTnorphonuclear leukocytes, 
fibrin, red blood cells, and necrotic tissue. Below 
this is a fairly wide layer, consisting chiefly of pro- 
liferating endothelial cells and newly formed blood 
\essels, some of which show degeneration of their 
walls. Finally, there is a deep zone in which a 
dense infiltration of plasma cells and lymphocytes 
occurs. This histologic pattern is sufficiently charac- 
teristic to permit differentiation from other genital 
lesions. Biopsy is a valuable diagnostic procedure. 

Clinical Manifestations. The typical chancroidal 
lesion is a painful, shallow, irregular ulcer with 
ragged undermined edges, a granular, friable base, 
and a dirty-yellow exudate. The lesion is charac- 
teristically noninduraled and for this reason has 
been called soft chancre. The size of the ulceration 
varies but seldom exceeds 2 cm in diameter. Multi- 
ple lesions resemble a folliculitis or pyogenic infec- 
tion. Almost any portion of the genitalia may be 
involved, but extragenital lesions are rare. In about 
50 per cent of the patients inflammation and sup- 
puration of the inguinal lymph nodes will occur. 
The term bubo is given to this type of lymphade- 
nitis. The chancroidal bubo develops rapidly and 
becomes a very painful, inflammatory inguinal mass. 
When suppuration occurs, the mass may become 
tensely fluctuant and may rupture spontaneously, 
leaving a large, single, craterlike abscess. Mild 
constitutional symptoms may accompany the in- 
volvement of the inguinal lymph nodes, and the 
patient may complain of headache, malaise, fever, 
or anorexia. 

Diagnosis. Although the clinical appearance of 
chancroid is often sufficiently characteristic to sug- 
gest the correct diagnosis, laboratory confirmation 
is desirable. Stained smears or cvilture of the exu- 
date taken from the undermined edge of the lesion 
will reveal the Ducrey bacillus in the majority of 
the early cases. The organism is not easily demon- 
strated, however, in larger lesions when secondary 
bacterial contamination has occurred. Biopsy is 
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feasible in such cases and is an efficient method of 
diagnosis. Attempts to demonstrate the organism 
in the buboes by either culture or smear usually 
are not successful. The majorit}' of patients with 
chancroidal infection will e.xhibit a positive skin 
reaction to an intradermal injection of lolled Ducrev 
bacilli. The value of this skin test is limited by the 
fact that a positive reaction persists for years aftei 
exposure to the infection. One cannot be certain, 
therefore, whether a positive skin test in an indi- 
vidual patient represents the existing chancroidal 
infection or a previous one. Early syphilis may be 
present concurrently with chancroid in these pa- 
tients. Serologic tests and dark-fleld examination of 
tlie lesions and regional lymph nodes should be 
done to rule out this possibility. 

Treatment. Sulfadiazine or Gantrisin is the drug 
of choice in the treatment of chancroid; doses of 
4 Cm a day for 7 to 12 days are usually curative 
Local medication is not necessary, but saline soaks 
and cleanliness are advised. Although the buboes 
usually subside with sulfonamide therapy, fluctua- 
tion may persist, and the node should be aspirated 
in order to prevent spontaneous rupture. Strepto- 
mycin, chloramphenicol, and the tetracyclines In 
doses of 2 Cm a day for 7 to 10 days will each 
produce satisfactory healing of the lesions of chan- 
croid. The use of these agents is rarely necessary 
since sulfadiazine is equally effective. The anti- 
biotics with treponemicidal properties should not 
be used in the treatment of chancroid until re- 
peated dark-flcid examinations and serologic tests 
have ruled out the possibility of early syphilis. 
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BRUCELLOSIS 
(Undulant Fever) 

Weshtj W. Spink 

Definition. Brucellosis is an infectious disease 
due to microorganisms belonging to the genus 
Brucella, and is transmitted to man from lower 
animals. The acute form of the illness is frequently 
characterized by a febrile illness without localizing 
finduigs, while the chronic form is featured by 
fever, weakness, and vague complaints, which may 
persist for months and years. 

History. Accurate clinical descriptions of brucel- 
losis have been ascribed to Hippocrates, but the 
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first clear-cut picture of the disease was presented 
in 1863 by Marston, who, as a British Army surgeon 
in ^falta, detailed his own case and those of othere. 
The etiologic agent was discovered by Bruce in 
18S6. Tlie outstanding clinical description of the 
disease is contained in the monograph by Hughes 
published in 1897. Wright and Semple in 1897 
demonstrated agglutinins for brucella in human 
blood. In the same year, Bang reported that Bacillus 
abortus was the cause of contagious abortion in 
cattle in Denmark. The Mediterranean Fever Com- 
mission Reports of 1903 to 1907 detail the classic 
studies on epidemiology. The first recognized hu- 
man case of brucellosis in the United States oc- 
curred in a nurse in Washington, D.C, and was 
described by Craig in 1906. In 1911 brucellosis 
was found to be endemic in the goats of Texas, 
and Gentry’ and Ferenbaugh traced human cases 
to this source. Traum first identified brucella or» 
g.miJms from aborting sows in 1914, and Evans in 
1918 distinguished the difference between Brucella 
nielOcnsts and Brucella ahoriiis, and suggested that 
raw milk from infected cows could be the source of 
human cases. In 1924 Keefer described tlie first 
human ease of brucellosis in this country due to 
organisms other than B. mclitensis. 

Etiology. Human brucellosis is due to one of 
tlwce species of Brucella — viz., B. mehtensis 
(goals), B. suis (hogs), and B. abortus (cattle). 
Brucellas are small, nonmotde, non-spore-forming 
rods staining gram-negative. Growth is best sup- 
ported at 37*0 In trypticase soy broth or tryptose 
phosphate broth having n pH of G.6 to 6.8 The 
primary Isolation of 8. abortus requires displace- 
ment of 10 per Cent of the air by carbon dioxide. 
The differentiation of the three species is depend- 
ent upon biochemical and serologic reaction. In 
general, B. mehtensis is the most invasive of the 
three species, which fact is reflected in the severity 
of human infections, while B. abortus is (he least 
virulent. 

Epidemiology. The natural reservoir of brucel- 
losis is in domestic animals, particularly catlle, 
swine, goats, and sbeep. The disease is very rarely 
transmitted from human to human. By and large, 
man acquires brucellosis through the ingestion of 
milk or milk products containing viable brucellas, 
or through contact of the skin with infected tissues, 
excretions, and secretions. Recent epidemiologic 
studies in the United States indicate ^at the ma- 
)only of cases are acquired through contact, and 
fewer and fewer cases are caused by the ingestion 
of milk. This trend is due to the enactment of local 
and state ordmances requiring all milk sold for 
human consumption to be pasteurized. Tfiere is 
some evidence that brucellosis may be air-borne. 
I with the disease resulting from the inhalation of 
brucella. Infections caused by B. abortus are spread 


through cow’s milk or through dermal contact with 
brucella. Epidemics of brucellosis traced to raw 
cow’s mdk have been caused by B. aborlus. Con- 
tact with infected porcine tissue is a common cause 
of infections due to B. si/is. Wliile infections due 
to B. mclitensis result from eating goat’s cheese or 
drinking unpastcurized goat’s milk, studies in 
Minnesota and Iowa have shown that contact with 
infected hogs has been the source of mclitensis 
infections. It is readily appreciated why brucellosis 
is primarily a disease of rural areas and why it 
is considered an occupational disease involving 
meat-packing plant employees, farmers, veteri- 
narians, and livestock producers. 

Pathogenesis, Following invasion of tJie body by 
brucellas through the oropharym or through the 
skin, the organisms tend to localize in tissues of 
the reticuloendothelial system, such as the bone 
marrow, lymph nodes, liver, spleen, and also the 
kidneys. A characteristic but nonspecific reaction 
of these tissues to the brucella is the appearance 
of epithelioid cells, giant cells of the foreign body 
and Langhans’ types, and lymphocytes and pkisma 
cells Necrosis and caseation rarely occur in these 
granulomatous areas. UTicrt caseation is encoun- 
tered, it IS usually caused by 6. «uis. The granu- 
lomas arc similar to those of sarcoidosis and tu- 
berculosis. Other less frequent sites of localization 
of brucella organisms are the bones, especially the 
spine, the endocardium, and the testes While (he 
central nervous system and peripheral nerves are 
commonly affected delelcriously by brucellas, the 
mechanism whereby this takes place is not known. 
Like other blood-borne infections, brucellas may 
on occasion localize in any tissue or organ in the 
body. Though brucellosis is a common cause of 
abortions in cattle, swine, and goats, authentic 
cases of human abortions occur no more frequently 
With this disease than with other bacteremias. 
Orchitis m (he male is rarely the cause of subse- 
quent sterility. 

Manifestations. The incubation period varies be- 
tween S and 21 days, though many months may 
elapse between the time of infection and the first 
appearance of symptoms. The onset in many in- 
stances may be insidious, the patients exhibiting 
a low’-grade fever with no localizing findings, and 
complaining of headache, weakness, insomnia, 
sweats, anorexia, constipation, pain over the spine, 
and generalized aches and pams. Less frequently, 
the disease may be ushered in by chills, high fever, 
and prostration, but, again, localizing abnormal 
physical findings may be absent. In general, about 
50 per cent of the patients exhibit enlarged lymph 
nodes, especially of the cervical region, and sple- 
nomegaly is detected in about one-third of the 
cases. An enlarged and tender spleen is usually 
associated with the more severe cases. Pain on 
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pressure over the vertebras occurs occasionally. 
Paul distributed over the course of tlie periplieral 
nenes, particxJarly Uie sciatic ner\'e, is encoun- 
tered. Orchitis appears after sc\-cral days of illness 
and, like the orchitis of mumps, is ushered in with 
3 chill or chilliness, high fever, and tender and en- 
larged testes. Painful and swollen joints arc seen 
occasionally, but persistent and deforming arthritis 
is not specific for the disease. Signs and sj-mptoms 
referable to the lungs and pleurae are uncommon. 
A rare but serious complication is subacute bac- 
terial endocarditis. Ocular disorders arc associated 
uith tlie more chronic forms of the disease. 

The initial febrile stage of the illness may endure 
for only a few days or up to several weeks The 
persistence of fever and symptoms is definitely re- 
lated to physical activity. Rest in bed during the 
acute illness is frequently associated wath prompt 
improvement. The natural course of the disease 
in the majority of patients is marked by a penn.a- 
ncnl remission of fever and sjTnptoms w ithin 3 to 6 
months. A small number of bactcriologically proved 
cases may have an illness that persists longer than 
1 year. 

The present status of chronic brucellosis is ex- 
tremely difficult to assess. There is no doubt that 
the Infection may persist in some indmduals for 
months and years. Such patients exhibit a slate of 
ill health manifested by weakness, fatigue, mental 
depression, vague aches and pains, and no abnor- 
M physical findings. Intermittent fe\cr may oc- 
ftir. The precise incidence of chronic brucellosis 
a'vaits futUier investigation. Much of the data now 
available are based upon uncritical clinical and 
laboratory studies. 

Laboratory Procedures. A precise diagnosis of 
brucellosis is dependent upon the results of labora- 
tory procedures. 

Blood, The total leukocyte count is usually nor- 
mal or slightly reduced but is rarely over iO.OOO 
cells per cu mm. The differential count reveals a 
relative lymphocytosis. The erythroc)ie sedimen- 
tation rate is of no specific diagnostic aid, the rates 
being norma] or accelerated. 

The most practical method for screening sus- 
pected Cases of brucellosis is the agglutination re- 
action. Agglutinins usually appear during the sec- 
ond or third week of illness. If proper techniques 
antigen are employed, ag^utinins are demon- 
strated in the vast majority of bacteriologically 
proved cases. Active brucellosis is usually associ- 
ated with titers of 1:100 or above. Agglutinins for 
brucellosis are not always specific, since cross re- 
actions occur with the cholera vibrio and with 
^rtcurclla tularensis. Agglutinins may persist in 
the blood long after the patient has recovered. 

At least one culture of blood, and preferably 
^ore, should be carried out in every suspected case 
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of brucellosis. Cultures of Brucella have been iso- 
lated from aspirated sternal bone marrow, when 
simultaneous blood cultures remained sterile. It is 
too impractical for routine purposes to attempt to 
isolate brucellas from the urine, bile, or feces. 

The opsonocytophagic test, which is a measure 
of the phagocytosis of brucellas by polymorpho- 
nuclear neutrophil leukocytes, is of extremely 
doubtful diagnostic aid. The complemenf fixation 
test docs not contribute enough additional informa- 
tion to warrant its use. 

Intradcrmol Tests. Various antigenic prepara- 
tions. including killed organisms, are used widely 
for diagnostic purposes. A positive reaction has no 
more significance than that obtained with tubercu- 
lin in suspected cases of tuberculosis. A positive 
reaction indicates previous invasion of the body by 
bniccUas and does not mean that active disease is 
present. Unfortunately, many instances of chronic 
brucellosis are being diagnosed on the basis of a 
vague illness and positive intradermal tests. When 
agglutinins are absent and cultures remain sterile, 
considerable caution must be exercised before mak- 
ing a diagnosis of brucellosis, even though the skin 
test Is positive. Negative skin tests are encountered 
in severe cases of brucellosis where a high titer of 
agglutinins is present and a bacteremia is demon- 
strated. 

In summary, the diagnosis of brucellosis depends 
upon a correlation of epidemiologic data, the na- 
ture of the illness, and laboratory information, such 
as the presence of agglutinins and Isolation of 
brucellas from the tissues or blood. 

Differential Diagnosis, Brucellosis must be dif- 
ferentiated from other acute febrile illnesses such 
as in^oenzo and other upper respiratory diseases 
of doubtful etiology. Brucellosis is not commonly 
associated with coryza or pharyngitis. Other dis- 
eases from which it must be differentiated include 
malaria and typhoid fever. Brucellosis may be con- 
fused with infectious mononucleosis, but the char- 
acteristic blood picture and the elevated titer of 
heterophil antibodies in the latter disease are help- 
ful differential aids. 

Chronic brucellosis simulates psychoneurosis, 
anxiety states, and chronic nervous exhaustion. In- 
deed, a patient with brucellosis may suffer from 
the foregoing nervous disorders. Some confusion 
may arise in differentiating it from other diseases, 
including tuberculosis and lymphoblastoma, espe- 
cially Hodgkin’s disease. 

Treatment. Unfortunately, much information of 
a popular nature on brucellosis has been dissemi- 
nated widely. The general public has heard or read 
t>iar brucellosis is a chronic disease which may last 
for years and that no satisfactory treatment is 
available. Therefore, any physician who believes 
that he is dealing with a case of brucellosis should 
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reassure the patient that the disease is sclf-l>niiting, 
and that complete rccoNery ^\l^l ensue. Psycho- 
therapy is extremely important in the management 
of these mentally depressed and tired patients. The 
acutely 111 and febrile patient should be kept in 
bed. Many patients will recover completely follow- 
ing a penod of rest. 

Over the years the lack of specific treatment for 
brucellosis has been emphasi 2 ed by the number of 
agents and procedures that ha\’c been recom- 
mended and then discarded, one by one. Although 
sulfanilamide and its various derivatives can sup- 
press (he growth of brucellas, these agents are un- 
satisfactory for the treatment of human brucellosis. 
Penicillin is an ineffective drug for brucellosis. 
Streptomycin and dihydrostreptomycin are unusual 
drugs in that they not only inhibit growth of bru- 
cellas, but they can kill large numbers of the organ- 
isms within a relatively short period of lime. How- 
ever, streptomycin is a poor therapeutic agent In 
brucellosis, because, while the antibiotic is quite 
lethal for c.xtraccllular brucellas, intracellular bru- 
cellas are protected against the drug. But there is 
no question that simultaneous treatment with strep- 
tomycin or dihydrostreptomycin and sulfadiazine is 
much more eflective in human brucellosis than the 
administration of either the antibiotic or sulfona- 
mide alone. Streptomycin or dihydrostreptomycin 
Can be given intramuscularly in a dose of 0 S Cm 
every 12 hr for 2 weeks. At the same time 1 Gm 
sulfadiazine is administered orally four times daily 
and continued for 3 weeks. 

Altliough the combination of streptomycin and 
sulfadiazine proved to be a definite advance in the 
tlicrapy of brucellosis, superior results have been 
obt-ained with the use of any one of the tetracy- 
clines in an oral dose of 0.5 Gm four times daily for 
at least 3 weeks. Helapses can be successfully 
treated in the same manner. Chloramphenicol does 
not appear to be so satisfactory an antibiotic for 
brucellosis as the tetracyclines, and its use js not 
recommended. 

There is evidence that a combination of strepto- 
mycin or dihydrostreptomycin icith one of the 
tftrflci/clinc drugs provides a more elRcicnt form 
of therapy Uian the tetracyclines alone. The policy 
at the University of Minnesota clinics is to use one 
of the Ictracj'clinc antibiotics alone for the avxragc 
case of brucellosis due to B. aharius in doses as 
recommended above. However, for more sev'cre 
cases, and for all those due to B. mehtensfe or B. 
suif. streptomycin or dibydrostrcptomycin is giv'cn 
intramuscularly in a dose of 0.5 Gm cv’cry 12 hr 
for 2 weeks, along with an oral dose of 05 Gm 
tetracycline adminislcrc-d four times daily. Treat- 
[ment with the latter drug is usually kept up for 3 
weeks. 

Patients with acute brucellosis often etlilbit a 
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severe toxic st.itf which simulates typhoid fever 
and wluch gradually subsides after several days of 
therapy with antibiotics. However, rapid and dra- 
matic improv’ement, occurring within 8 to 12 hr, 
can be obtained willi the use of one of the adreno- 
corticoid steroid preparations. An initial dose of 
100 mg hydrocortisone can be given intravenously, 
followed by an oral dose of 25 mg four times daily. 
Other steroid preparations, such as cortisone ami 
prednisone, can be given orally in equiv’alent doses, 
Any steroid therapy should he discontinued after 
72 to 96 hr, and appropriate antibiotics should 
always be adniinistered simultaneously. 

A common therapeutic practice in the more 
chronic cases is to attempt desensitization of the 
tissues to bruceffa organisms by treating patients 
with one of the several antigenic preparations, such 
as heat-killed brucella cells or filtrates of brucella 
cultures. ^Vllile hypersensitivity to brucellas is a 
factor in the symptomatology, and the use of 
ascending doses of antigenic material may be 
sound tlicrapy. the results are difficult to evaluate, 
and treatment must often be continued for several 
months. Violent local and systemic reactions often 
occur, even following the injection of minute 
amounts of antigen. 

For (he relief of lieadache and the generalized 
aches and pains, salicylates may be prescribed, the 
occasional use of barbiturates is desirable for the 
insomnia which is so commonly a part of the dis- 
ease. 

Prognosis. While brucellosis may be a chronic 
and disabling disease, the over-all mortality rate is 
not more than 2 to 3 per cent and is negligible 
when appropriate antiblobe therapy is promptly 
employed. The physician today may learn a great 
deal about Uie prognosis of tliis disease by turning 
back and iooUing over Uie rich experience of the 
Mediterranean Fever Commission, which was re- 
corded in 1905 to 1907. In a day when specific 
treatment was lacking, careful clinical observations 
were made. In an analysis of hundreds of B meli- 
tensa cases, Eyre stated the following, in 1908: 

One may safety say tliat not more than 10 per cent are 
convalescent m a shorter period than one month from 
llw onset of symptoms. In 50 per cent, tfic disease er- 
tends over two months, in 25 per cent to three months, 
and in fully 15 per cent, a duration of three monllis Is 
etceeded 

Over the succeeding .years, it has been obsen'ed 
that a relatively small, but import.int, number of 
cases will have a protracted illness Cases of bac- 
teriologically proved brucellosis in which the dis- 
ease has continued for over a year Jwv'e been 
studied at the University of Minnesota Hospitals 
But such cases are not commonly encountered. 
One cannot escape tlie conviction that so-called 
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chronic brucellosis is being mislabeled too often 
on the basis of procedures of doubtful value, espe- 
cially the intradermal test with brucella antigen. 

Relapses do occur in the more clironic cases of 
bmceDosis. These recurrences are manifested by 
fever and by mental and physical disability, \vitfi 
generalized aches and pains. But too little attention 
has been given to the problem of reinfections. 
Clinical observations in meat-paclcing plant em- 
ployees have confirmed studies made \vith experi- 
mentally infected animals, in that the immunity 
induced by one attack of brucellosis is only relative. 
Second and third infections do take place. Thus, in 
individuals who continue to be exposed to the 
disease, it may be quite difficult to differentiate 
between relapses and reinfections. 

Prevention. As long as the resen’oir of brucello- 
sis persists in domestic animals, human brucellosis 
will occur. The only practical means of eliminating 
the disease in human beings is to eradicate the 
disease from cattle, hogs, sheep, and goats. Control 
measures in animals are being worked out in sev- 
eral areas in the United States. Since human bru- 
cellosis is contracted through the ingestion of con- 
taminated milk and milk products, it is essential 
that only properly pasteurized milk be utilized for 
human consumption. Brucellosis is an occupational 
disease involving fanners, livestock workers, vet- 
erinarians, and those working in meat-packing 
plants. There are no dependable and safe means 
available for immunizing these groups against the 
disease. 
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TULAREMIA 

Leighton E. Cluff 


definition. Tularemia (rabbit fever, deer-fly 
fc\cr, Ohara's disease) is an infectious disease of 
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animals transmitted to man by direct contact or by 
insect vectors. A cutaneous or mucous membrane 
lesion at tlie site of inoculation and regional lymph 
node enlargement are the characteristic manifesta- 
tions of the disease in the human being. 

History. The microorganism responsible for tula- 
remia was identified by McCoy and Chapin in 
1912 among infected ground squirrels in Tulare 
County, California. The first description of tula- 
remia in man was that by Wherry and Lamb in 
1914. 

Etiology. PastcurcUa iuhrensis is a pleomorphic, 
nonsporulating, gram-negative bacillus. It can be 
cultured orJy on media containing glucose, cystine, 
and serum. Thorough cooking renders meat from 
infected animals safe for consumption, but tula- 
remia can develop in persons handling carcasses 
that have been frozen for many days. FastcurcUa 
iuhrensis is related antigenieally to the causative 
organisms of brucellosis and plague and possesses 
an endotoxin similar to those of many other gram- 
negative bacteria. 

Epidemiology and Pathogenesis. Contact with 
infected animals is the commonest source of tula- 
remia in man, but the disease also may be acquired 
from insects or by exposure to the organism in the 
laboratory. A variety of rodents, carnivores, ungu- 
lates, birds, and ardiropods are naturally infected 
by P. iuhrensis, including rabbits, squirrels, wood- 
chucks, muslrats, skunks, coyotes, foxes, opossums, 
mice, rats, quail, chickens, pheasants, snakes, ticks, 
and flies. The Rocky Mountain tick, western wood 
tick, eastern dog tick, and the Lone Star tick 
(Dermacentor andersoni, D. variahilis, D. occ/den- 
talis, and Amblj/omma amcricanum) may act as 
reservoirs of infection. One tyiecics of deer fly 
{Cimjsops discalis) and a mosquito (Acdcs cine- 
reus in Sweden) can transmit tularemia to man. 
Ticks are an Important reservoir of the disease 
because the microorganism is transferred transo- 
varially from the female to her progeny. Sporadic 
and epidemic tiJaremia have occurred following 
contact wth w’ater and fish contaminated by in- 
fected animal carcasses. However, human-to- 
human transmission of infection probably docs not 
occur. Wild cottontail rabbits arc the princip.i! 
source of tularemia in the United States. 

Man is highly susceptible to tularemia; the or- 
ganism usually invades through the skin, mucous 
membrane, or gastrointestinal tract. Hunters, 
butchers, and housewives are most often affected, 
through exposure to infected animak. 

PaHiology. Microscopically, the primary cutane- 
ous lesion shows neutrophilic infiltration, gtanu- 
loimtous Tcaclion, and necrosis. The region.!] 
lymph nodes develop similar changes and often 
suppurate. The gr-anulomalous reaction in tula- 
remia consists of giant and epithelioid cells, and 
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lesions resembling tubercles may occur ia liver, 
spleen, Jung, .incl Jvidney. FasteurcUa trilarensis has 
been recovered from lymph nodes many days after 
apparent subsidence of the disease. 

Manifestations. The incubation period is 3 to 7 
days. A typical lesion of skin or mucous membranes 
is not invariably present, and. therefore, tularemia 
has chissically been separated into several dinical 
types. 

More than 80 per cent of infections by P. tuh- 
rensis are associated with a lesion of the skin or 
mucous membranes which has no distinguishing 
characteristics. It begins as a reddened papule that 
may be pruritic and soon ulcerates. The primary 
lesion in this xilccropfandular form of the disease 
is rarely very painful, is usually present before 
onset of systemic symptoms, and may not heal until 
convalescence is well under way. Frcfjucnlly it is 
overlooked, or its relationship to severe systemic 
symptoms is not recognized. Regional lymph node 
enlargement is a constant feature and is usually 
more prominent than tliat accompanying infections 
of similar severity produced by other microorgan* 
isms. The involved nodes are often exquisitely ten- 
der and fluctuant. The overlying skin may be hot 
and reddened. Fistula formation and drainage can 
occur spontaneously. Generalized lymphadenop- 
athy is present in some cases, but the regional 
nodes are most prorninently involved. There is 
considerable variation in the intensity of the ^s* 
temic symptoms of ulceroglandular tiilaremia; the 
patient may be almost asymptomatic or severely 
prostrated Clinical and rocntgenographic evidence 
of pneumonitis can accompany ^i$ form of the 
disease, illustrating its disseminated character, but 
bacteremia is rarely demonstrable. 

Localized lymph node enlargement without de- 
tectable skm lesion is referred to as glandular tula- 
remia The pathogenesis of this form of the disease 
is probably identical with that of ulceroglandular 
tularemia, and the features of the illness arc also 
the same 

Rarely, the portal of entry of the organism is the 
conjunctiva, where there develops an ulcer, with 
edema, congestion, lacrimation, pliotophohia, and 
p.iin In this oculoglandular 1)^6 of t^aremia the 
preauncular, submaxillaty, and anterior cervical 
lymph nodes enlarge in some patients. Comeal 
ulceration and scarring or perforation of the globe 
can occur. 

Ingestion of contaminated meat or water can 
result in primary lesions of tularemia in the gostro- 
intestind tract. Tliis rare form of the disease is 
characterized by pronounced diarrhea, abdominal 
pain, nausea, vomiting, melena, and hcmalemcsis, 
'.Jjut otherwise differs little from tularemia intro- 
jtluced through other portals. Ulcerative lesions are 
■’•■'often found in the buccal mucosa, pharynx, or in- 


testine, and the mesenteric or cervical lymph nodes 
are involved early in the disease. 

Tularemia without obvious primary ulcer or local- 
ized lymphadenitis is referred to as the typhaidal 
^rpe. Constitutional symptoms in typhoidal tu- 
laremia differ in no way from those in other ^ipes 
of the disease, although patients are, as a rule, 
more prostrated. In the absence of localized mani- 
festations the clinical recognition of tularemia is, 
of course, more difficult and diagnosis is likely to 
depend principally upon serolo^c tests or isolation 
of tlie organism. 

Pneiinionia can accompany any of the various 
cimical types of tularemia. Involvement of the lung 
is secondary to hematogenous dissemination. Even 
in Situations where infection is probably acquired 
by inhalation of the organism (as in bacteriology 
laboratories), there is no convincing evidence that 
primary tularemic pneumonia occurs. Pneumonitis 
in tularemia can lead to prominent signs of cough, 
mucoid sputum, hemoptysis, pleuritic pain, dysp- 
nea, and tyanosis, hut extensive x-ray evidence of 
pneumonitis is sometimes present in the absence of 
any symptoms of pulmonary disease. Physical find- 
ing often correlate poorly with tlie roentgenologic 
changes, which consist of diffuse patchy or lobar 
infiltrations and inconstant hilar adenopathy. Pleu- 
ral effusion can occur in tularemic pneum- 'i, hut 
lung abscess is rare. 

Among the unusual infections produced by F. 
tidarensia are endocarditis, pericarditis, peritonitis, 
appendicitis, osteomyelitis, and meningitis. 

Fever in tularemia develops abruptly, often with 
ngors, and in the untreated patient may persist 
with temperatures at levels of 104 to 106*F for as 
long as 4 weeks. The fever is sustained or mildly 
remittent, and defervescence is by lysis. Headache, 
myalgia, anorexia, and nausea arc common. 

Splenomegaly of moderate degree is detectable 
in many patients. An evanescent macular or papu- 
lar rash is sometimes present on the trunk and 
extremities early in the disease. 

Convalescence in untreated tularemia is pro- 
longed, and fever, lassitude, fatigability, myalgia, 
imtabihty, or anorexia may persist or recur for 
many months. Recovery is usu^y prompt if acute 
tularemia is treated with antibiotics before the 
third week of disease. When therapy is delayed 
beyond this period, patients are more likely to be 
left with mild debilitation that is unresponsive to 
further administration of antimicrobial drugs. 

Recovery from tularemia is usually followed by 
immunity in the sense that recurrence of severe 
disease is unlikely. However, immunity to reinfec- 
tion is not complete, and several instances of sec- 
ond, even third attacks of tularemia have been 
recorded Almost invariably, they have consisted 
of the development of a local lesion and mild re- 
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gional adenopathy without systemic symptoms and 
with httle or no fever. 

Laboratory Findings. Agglutinins for P. tularensis 
are present in serum after the second week of 
illness. Although it has been said that cross agglu- 
tination may occur with antigens of Brucella, this 
is by no means a constant finding. 

Pasteurella tularensis can be recovered from 
the infected patient by appropriate cultures or 
animal inoculation. It is rarely found in blood cul- 
tures, but it can be isolated from the mucocutane- 
ous ulcer or regional lymph nodes wth regularity. 
The organism has been cultured from the sputum 
and gastric washings in several patients, some of 
whom have shown no roentgenographie evidence 
of pneumonitis; this can be a useful diagnostic 
procedure. Although P. tularensis is highly infec- 
tious, the hazards of isolating it have been over- 
emphasized, and with reasonable care, accidental 
infection of personnel in diagnostic laboratories is 
unliVely. 

Skin test with a diluted suspension of killed P. 
tidarensis, or purified antigen, becomes positive 
during tlie first week of disease. The cutaneous 
hypersensitivity response is "delayed" and resem- 
bles the tuberculin reaction. 

The total blood leukocyte count is usually nor- 
mal. The erythrocyte sedimentation rate is normal 
in ulceroglandular or mild disease but is frequently 
elevated in severe typhoidal tularemia. 

Differential Diagnosis. Brucellosis, typhoid fever, 
disseminated tuberculosis, the early stage of several 
rickettsial diseases, and infectious mononucleosis 
can closely resemble typhoidal riJaremla. History 
of possible contacts is important, and appropriate 
serologic and cultural studies are usually successful 
in differentiating these infections. Pneumonic tula- 
remia must be distinguished from viral, mycotic, 
and other bacterial infections of the lung. The dif- 
ferential diagnosis of pneumonia is discussed on 
p. 890. Oculoglandular syndromes likely to be con- 
fused with tularemia are described on p. 890. 

The common ulceroglandular type of tularemia 
must be distinguished from a variety of infections 
in which a local cutaneous ulcer with regional Itjm- 
phadenofiathxj can occur. Besides ordinary pyo- 
derma caused by streptococci or staphylococci, 
these include lymphogranuloma venereum, cat- 
scratch fever, rat-bite fever, bubonic plague, an- 
thrax, glanders, several rickettsioses of which the 
important one in this country is rickettsialpox, 
several viral infections of the skin such as orf, 
cowpox, etc., and inoculation syphilis or tubercu- 
losis. In all these, with the exception of lympho- 
granuloma venereum and cat-scratch fever, the 
regional lymph node involvement is usually pro- 
portion.il to the size of the cutaneous ulcer. Extra- 
genital lymphogranuloma is rare; fever and sys- 
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temic symptoms in cat-scratch fever are rarely 
severe for more than a few days. 

Treatment. Streptomycin is the antibiotic of 
choice for tularemia. The dosage is 0.5 to 1.0 Gm 
every 12 hr for 10 days. Response to treatment is 
almost invariably prompt, with the temperature 
usually returning to normd in 3 days. Pasteurella 
tularensis cannot be recovered from lymph nodes 
or skin lesions after 24 to 48 hr of therapy. How- 
ever, the regional lymph nodes may continue to 
enlarge and suppurate for several days. Pulmonary 
lesions usually subside rapidly, although the evolu- 
tion of the cutaneous lesion is not interrupted. The 
tetracycline antibiotics, chloramphenicol, and novo- 
biocin also are effective, although fever and other 
manifestations may recur 7 to 14 days after cessa- 
tion of tl^rapy. Recrudescent illness, however, re- 
sponds rapidly to readministration of the antibiotic. 
Aspiration of pus from suppurating nodes rarely is 
necessary; but if fistulas persist, total surgical re- 
moval of the involved tissue can be carried out. 
Surgery may be followed by transient recurrence 
of fever despite failure to demonstrate the organ- 
ism in excis^ tissues. 

Prophylaxis. A killed bacterial vaccine developed 
by Foshay has been shown to stimulate serum 
agglutinins and induces positive skin reactions to 
the bacterial antigens, but produces little immunity 
to mfection with P. tularensis. An attenuated live 
bacterial strain prepared in Russia has been devel- 
oped, however, and shown to be effective in in- 
ducing protection against infection. The live atten- 
uated vaccine undoubtedly will replace the killed 
vaccine for prevention of tularemia m hunters, 
butchers, and laboratory workers exposed to the 
organism. 

Antibiotic prophylaxis with streptomycin follow- 
ing exposure to tularemia wll protect against in- 
fection. Chloramphenicol and tetracycline, how- 
ever, only prolong the incubation period of the 
disease and do not prevent its occurrence. 

Avoidance of contact with possible sources of 
mfection is important in preicnlion, and the inci- 
dence of tularemia in several localities has fallen 
sharply with the introduction of laws prohibiting 
the sale of wild rabbits by butchers. 

Prognosis. The mortality rate in untreated tula- 
remia is 6 to 7 per cent. However, with specific 
antimicrobial therapy, death is rare. A fat.il out- 
come is more likely in typhoidal tularemia than in 
other types, possibly because the disease may be 
unreco^ized. 
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PLAGUE 

Edward S. Miller 


DcSnilion, Human plague b an acute, severe, 
frequently fatal infection ch.aracterlzed by fever, 
prostration, and suppurative lesions of the lym- 
phatic system. Sometimes there is an associated 
pneumonia PasteuTclIa pcstls is the etiologic agent, 
rodents arc the primaiy hosts, and the usual vec- 
tors are fleas. 

History. Plague is one of the ancient pestilences 
of man. Descriptions of a plaguciile disease ore 
found in the Old Testament. Early Greek and 
Roman manuscripts testify to its existence in the 
Mediterranean region long before the Christian 
era For many centuries the disease was endemic 
in Asia and in Europe, svhere from time to time 
grc.nt pandemics destroyed large segments of the 
liuman population. The last m-ijor outbreak origi- 
nated in China in the late nineteenth century, 
spread to all the continents, and was first recog- 
nized in the United States in 1900. Some aulliori- 
tics believe that it was initially introduced into this 
country at that time through the Port of San 
Francisco. However, other evidence suggests that 
rodent plague actually was present long before. In 
any event, it has certainly now become well estab- 
lished. 

Etiologic Agent. Fastcurella pcstis is an encap- 
sulated, nonmotile, gram-negative bacterium whi^ 
proiluccs no spores and will grow under either 
aerobic or anaerobic conditions Though it is pre- 
dominantly baciUary in shape, coccal, ovoid, and 
other pleomorphic forms are often seen. AVhen 
?s{.imcd «ilh carbolfijclisin or carholtbionin, the 
organisms display a characteristic bipolar appear- 


ance. Growth occurs on ordinary media. On agar 
the colonics are small, round, transparent, colorless, 
and viscous. There are no important antigenic dif- 
ferences among strains collected from different 
animal species in various parts of the world. 

Epidemiology. As with other infectious organisms 
spread through the agency of vectors, P. pesfis 
is enabled to survive and be transmitted by means 
of a series of intricate ecologic adaptations. Plague 
is fundamentally an affection of rodents; from them 
it is sometimes, and quite incidentally, tranymitteil 
to man. In so far as human plague is concerned, 
domestic rats {Rattus rattus and R. nort-cgicus) 
are the most important animal hosts. They arc 
found all over the world, travel widely, and live in 
close association with man. In rural or w-ooded 
regions in many areas of the world, plague is 
enzootic in numerous other species of vertebrate 
hosts, chiefly rodents. Such infection is referred to 
as stjlvatic plague, in contiast to rat or murine 
plague. In the United States the endemic reservoir 
encompasses at least 38 species, including rats, 
mice, marmots, owls, gophers, badgers, rabbits, 
prairie dogs, squirrels, and chipmunks. Worldwide, 
the list has been expanded to 344 species of mam- 
mals and 2 species of birds, vi'hich have been natu- 
rally infected, experimentally infected, or have 
been found to harbor infected fleas. 

Murine plague and sylvab'c plague follow dif- 
ferent but sometimes overlapping patterns The 
chief permanent reservoirs of disease are in the 
rural rodents and their ectoparasites. Certain spe- 
cies are relatively resistant and thus maintain a 
smoldering nidus of infection through interepidemic 
periods. An epizootic of sylvatic plague In an aiea 
may involve a number of different animal species 
and a complex exchange of ectoparasites. Such out- 
breaks may be devastating to the rodent popula- 
tions, yet may give rise only to sporadic hum.in 
cases simply because man rarely comes into close 
contact wiA these animals. Since 1900 approxi- 
mately 500 cases of human plague h-ave been re- 
ported in the United States, of which less than 100 
have resulted from contact with rural rodents; the 
remainder developed in nssociab’on with domestic 
rats. Plague is widely and permanently entrenched 
in the rodent population of the United States, 
chiefly in the West, as well as in western Mexico 
and Canada. Infected animals Jiave been found in 
CaliForoia, Oregon, Washington, Utah, Idaho, Ne- 
vada, New Mc.xico, Texas, Louisiana, Florida, 
^fich^^n, Arizona, Colorado, Montana, IV'yoming. 
Kansas, and North Dakota. Human cases have oc- 
curred in the first eleven of these states. 

As mdirated above, most cases of human plague 
onse in urban areas and in the wake of rat epizoot- 
ics. Under circumstances of poor sanitation, a 
concentration of people and of rats provides an 
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opportunity for the transmigration of fleas from 
rats to man. It is becoming increasingly apparent 
that domestic rat populations in the United States 
tended to acquire their infections by commm^ing 
with rural rodent reservoirs. Syh’atic plague is im- 
possible to eradicate and offers a constant threat of 
extension into urban rat communities, and thence 
to man. 

The flea is the usual transmitting agent. In 
murine and human infections the most important 
species is the Oriental rat flea, Xenopsylla cheopts. 
Other arthropods occasionally function as vectors, 
including lice, ticks, and possibly bedbugs. Tl>e 
flea becomes infected by ingesting the blood of a 
bactercmic animal. The organisms multiply in the 
alimentary tract of the insect and eventually plug 
the stomach so that no more blood can enter. When 
the flea feeds on a new Iiost, the bile wound is 
inoculated by the regurgitation of organisms or as 
a result of mechanical contamination by the mouth 
parts. Plague bacilli are also present in fle.i feces, 
and infection may follow the scratching of this ma- 
terial into the skin. Oriental rat fleas wiQ accept 
other hosts, including man. particularly if rats are 
not immediately available. \Vhcn an epizootic deci- 
mates the rat population, fleas arc encouraged to 
transfer from the dead hosts to humans. 

Human bubonic plague results chiefly from the 
bite of the rat flea, but infection can also be ac- 
<iulred by direct contact with the tissues of an 
infected animal or by its bite. The organisms can 
penetrate through skin abrasions and through in- 
tact mucous membranes. Not a few accidental 
infections have occurred in laboratory workers as 
a result of handling cultures and infected animals. 
Direct transmission of the bubonic form from man 
to man is unusual, in contradistinction to the mode 
of spread of primary pneumonic plague. The latter 
type of epidemic is initiated by a patient with 
bubonic disease who develops a secondary plague 
pneumonia and thereafter excretes large quantities 
of organisms in his sputum. The infection may then 
be air-bome in droplet nuclei directly to a human 
contact. This type of plague is’ highly contagious, 
secondary cases arc common among those attend- 
ing a patient, and under suitable circumstances, 
tremendous outbreaks may occur. 

A close relationship exists between the distribu- 
tion of murine plague and that of the Oriental lat 
flea. This flea flourishes under certain optimal cli- 
matic conditions, which are found in the United 
States along the Pacific Coast and the Gulf, in the 
southern Atlantic Coast states, and in certain val- 
leys radiating from these regidns. Sylvatic plague 
involves other arthropod vectors and other animal 
hosts and, therefore, has a somewhat different and 
wider distribution. Since susceptible hosts exist in 
all parts of the country, the appearance of this 
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disease elsewhere is a possibOitj’, especially under 
circumstances of a national disaster. 

Pathogenesis. Following the bite of an infected 
flea, organisms are carried by the lymphatics to 
the thoracic duct and thence to tlie blood stream. 
There Is a brief initial bacteremia, during which 
organisms are disseminated to all the organs. The 
chief defense of the body is the mechanism of 
phagocytosis, aided by tlie development of cir- 
culating antibodies, which react with the capsular 
substance of Uie organisms and thus facilitate 
phagot^'tosis. Plague infection is accompanied by 
the production of an endotoxin which has seriously 
damaging effects on the tissues of the host. Modem 
chemotherapeutic agents may result in control of 
the infection bacteriologically, yet the patient may 
die from the toxemia. 

The most prominent lesions are ordinarily in the 
lymphatic system. In bubonic plague a hemor- 
rhagic zone of edema surrounds an inflamed and 
suppurating group of regional lymph glands The 
latter are hyperplastic and show areas of focal 
necrosis ojntaining many organisms. Similar meta- 
static lesions may develop in distant groups of 
glands or in other viscera. In pulmonic infections 
Oierc is a lobular pneumonia with hemortliagic 
e.Tudate in the alveolar spaces, with accompanying 
pleuritis and bronchitis. Hemorrhages may be 
found in any organ or beneath epithelial surfaces 

Manifestations. Symptoms appear after an in- 
cubation period of 1 to 12 days The disease can 
assume several different clinical forms, of which 
the bubonic variety is the most common. Illness 
begins abruptly, with chills, a rise in temperature 
to 102 to 105®F, tachycardia, headache, vomiting, 
uncertain gait, marked prostration, and delinum 
The spleen is sometimes palpable. The fleabite 
which represents the portal of entry rarely am be 
seen; if present it is marked by a papule or vesicle 
which ultimately becomes pustular. Pain and ten- 
derness point to the regional glandular lesions, 
which give the disease its name. They are in the 
inguinal or femoral regions in the majority of cases, 
less often in the a.xilla or neck, and are uncommon 
elsewhere. The infection may extend secondarily 
to other superficial or deeply situated groups of 
glands. The bubo consists of a firm, matted group 
of glands, measuring 2 to 5 cm in diameter, and 
surrounded by a boggy and frequently hemorrhagic 
zone of edema. It usually suppurates and drains 
spontaneously after 1 or 2 weeks, though in some 
instances there is complete resorption. 

There is a marked hemorrhagic tendency, pre- 
sumably due to an endoto.xic effect on blood ves- 
sds. Pelechiae or ecchymoses are often seen be- 
neath cutaneous or mucous surfaces. Bleeding may 
occur into a viscus or a serous caxity, or from the 
nose, alimentaiy, respiratory, or urinary tracts. 
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Til? course of bulwnie pbgiio is marletl bj* an 
irregubr or remittent fcsTr. It often tlrops at the 
time of appearance of the bulio, only to rwe again. 
In favorable cases the temperature falls gradually 
during the second weeh, concomitant with im- 
provement in the general clinical condition. A rise 
to hvpCTpvTCxic Icveb. or a precipitous fall to nor- 
mal or to subnnnnal, frcrjucnlly heralds approach- 
ing death Most fatalities occur during the first 
vvetl of illness. Tljongh bubonic plague is usually 
a severe illness, mild eases are sometimes seen 
during epidemics; to ibcsc is oppb'cd tbe name 
pejf/r minor. 

Tlie second clinical form of plague is live so- 
callcil “pnmaiy septicemic" form, which is actually 
a variant of Inibonfc plague. The patient etperi- 
cnees a sudden and overwhelming systemic illness. 
Tlu-re ts a marked constitutional reaction, with 
chills, fever, rapid pulse, severe headache, nausea, 
vomiting, and delirium. Death tcnninatcs the 
course within n few days, before localizing lesions 
ticcomc clinically apparent. Nevertlicless, autopsy 
nsualtv reveals inllammatian in some part of the 
lymphatic svstem. 

The third form which plague may talc Is that 
of pneumonia. The initial cases appear in p-vUents 
with bubonic plague, of whom as many as 5 per 
cent develop sccondar)' lesions in tlie lungs. These 
itulividu.nls may provide the starting point for a 
man-lo-man epidemiologic cycle of air-borne pri- 
mary pneumonic plague. It is a fulminating infec- 
tion aceomp-initd by great prostration, cough, 
d)Spnea. and, in the later stages, cj'onosii. The 
sputum IS abundant, bloodstamc'd, and teeming 
with P. pcstis. Often there arc no clear-cut pul- 
inonar) signs, though scattered rales or areas of 
dullness may be found. In the absence of spcaTic 
therap>. pligue pneumonia jman.ibly ends in 
dvalU wvlUviv I to 5 da)s 

The infectious process may localize in other re- 
gions of tlie Ixjdy. Subcutaneous abscesses and 
cvit.ineous ulcerations sometimes iKcur, and llic 
mcningis arc occasionally invaded. 

Laimrator}' IVndiiiRs. Siikc plngue is an uncom- 
mon disease m the United States, tbe diignosis 
iiftni li.is been overlooktvl until the patient lias 
sumimlx-d, or until multiple eases fi.ivc sfcvelopotl. 
Nevertheless, the cpidemiologv- and tlie clinieal 
fe.itures provide highly cliaracteristic leads to tlie 
clinician Once a suspicion of plague is entertained. 
It can readily l>e verified by smear, culture, and 
animat inoculation of appropriate specimens. Tlie 
trcbniijue of staining a suspected specimen with 
iiunreseent specific antisennn provides an elegant 
nirthiKl for rapid identification of P. jfcsfit If a 
. lml«) IS pn-vnl, a sm.dl qiuntitv nf mterslitbl fluid 
^Sould l»e ojpiratcd from its center. I^rgc numbers 


of morphologically characteristic bacilli arc usually 
seen in a stained smear. Infected sputum likewise 
contains many organisms. Bacteremia of vaiying 
degrees occtirs at some time during the course of 
tlie disc.'ise in nearly all cases. Ihis and sputum 
sltould be cultured on blood agar plates, while 
blood is inocuhted into hormone-cystine or other 
nutrient brotli. Organisms arc Identified by thdr 
morpliologic and colonial characteristics and by 
agglutination with ^cific antiserum, Guinea piij 
inoculation is the final step in identification. In this 
anim.ll the gross and microscopic lesions are highlv 
charartcfislic. It is to be emphasized that the han- 
dling of Infected materials or animals involves 
great danger of infection of the laboratory workers 
ifcmagglutinafing antibody appears in the serum 
of patients and provides another diagnostic 
method 

Tlie while blood cell count is elevated to levels 
of 20,000 to 40,000 cells per cu mm, with a pre- 
dominance of polymorplionuclcar leukocytes. There 
is little or no change in the red blood corpus- 
cles. 

Diflercnlia] Diagnosis. Before the oppcarance 
of localizing signs, plague may be confused with 
severe sv’stcmic illnesses such as typhoid or typhus 
The hvbonJc form bears certain resemWanees to 
other varieties of infectious lymphadenitis, includ- 
ing tvdarcmia, s)philis. and lymphogranuloma ve- 
nereum, and to those of staphylococcal or strep- 
tococcal origin Pneumonic plague must be distin- 
guished from tularemic, pneumococcal, and other 
bacterial pneumonias, as well as from psittacosis 
and primary atypical pneumonia. A consideration 
of epidemiologic factors, plus baclcriologic studies, 
will aid in the diflercntiation. 

Treatment. Tlie Uicrapy and tlie prognosis of 
plague have been vastly unproved by Uie intro- 
ducUon of streptomycin and other chemotlicra- 
peutic agents. Even pneumonic and septicemic 
eases can be sahviged if treatment is iniliaU-d early 
(within tin: first 20 hr after onset). Streptomycin 
is tlw drug of choice, it is given in divided doses 
of 2 to -1 Cm daily until the p.vlicnt h.as iiccn 
afcbnlc at least 3 days. Sulfadkazine is almost as 
iffcctivc in uncomplicated bubonic plague, but 
dcGmtely less so in septicemic and piicumomt 
eases Cliloramplicnieol, oxytclracychno, eh!ortttr.i- 
cyclinc, ncomytin, and polymyxin arc all potent 
antiplaguc substances; the first two have been used 
successfully in treating pneumonic plague Anli- 
plapie scrum also has value as an mititoxic agent 
Various combinations of these medicines can b<‘ 
used to advanl.ige, depemimg on their avail.»hilitj 
the seventy of illness, and the diiralicm of illness 
before treatment is iHrgnn. 

Buboes arc treated with hot, moist applications 
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Incision and drainage should be postponed until 
the lesion becomes well localized. 

Prophylaxis and Control. The control of plague 
in endemic urban areas demands unceasing wgi- 
lance in detecting rodent epizooUcs and vigorous 
measures in combating such outbicaks. These in- 
clude the extermination of rats, the eradication of 
ectoparasite vectors, and sometimes the immuniza- 
tion of the human population. Rats arc attacked 
by poisoning and trapping, by elimination of har- 
borage areas, and by separating them from their 
food supplies. DDT has been used with brilliant 
success in diminishing the flea population infest- 
ing both rodents and humans. Other insecticides 
such as Aldrin, Dieldrin, and Chlordane are also 
useful. The complete elimination of sylvalic plague 
is an impossibility. The object of a control program 
is limited to the eradication of foci of wild rodent 
infection around areas of human habitation. In 
these peripheral zones the wild and the domestic 
rodents live commensally, exchange fleas, and thus 
threaten the human community’. 

Patients must be disinfested and carefully iso- 
lated, while other intimately exposed persons 
should be quarantined. Excellent prophylaxis is 
provided to contacts by administering sulfadiazine 
in a dose of 3 Gm per day or streptomycin in a 
dose of 1 Cm per day, Tb‘s often protects even 
against exposure to pneumonic patients. Three 
types of vaccines are used, one composed of dead 
organisms, one containing an avirulent live strain 
of organism, and the third consisting of a chemical 
extract. They each provide limited and transitory 
immunity. General vaccination of a population is 
a worthwhile procedure In an area under serious 
threat of an epidemic. 

Prognosis. Formerly the fatality rate of bubonic 
plague varied from 50 to 90 per cent, while the 
pneumonic, septicemic, and meningitic forms were 
almost invariably fatal However, even the gravest 
varieties of infection respond to chemotherapy if 
treated early enough. The over-all fatality rale has 
been reduced to 5 to 10 per cent. 
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GLANDERS 

Edward S. Miller 

Definition and Etiology. Glanders is a grave in- 
fectioiis disorder characterized by the development 
of numerous granulomatous abscesses throughout 
the body. The causative agent is Malleomijces mal- 
lei (Actinobacillus Viallei), a small aerobic, non- 
motile, nonsporulating, gram-negative bacillus. 

Epidemiology and Pathogenesis. This is another 
of tlie group of infectious diseases of animals which 
are sometimes transmitted to man. In this instance, 
the principal natural hosts are horses, mules, and 
asses. Glanders once was a common equine disease 
in America, but stringent control measures have 
virtually eradicated it. However, it is still prevalent 
in certain sections of Central Europe, North Africa, 
and Asia. The infection may be acquired by han- 
dling diseased animals. Organisms gain entry 
through cutaneous abrasions, by implantation on 
the conjunctiva, by ingestion, or by inhalation 
Human beings are highly susceptible, as evidenced 
by the large number of laboratory workers who 
have contracted the disease. With the elimination 
of animal glanders in the United States, the infec- 
tion has become rare in man also. 

Manifestations. Human glanders usually runs an 
acute and stormy course. After an incubation pe- 
riod of several days to several weeks, illness begins 
abruptly, with chills, high fever, and marked pros- 
tration. At the portal of entry, commonly on the 
sldn, a nodule fonns and breaks do%vn to become 
a painful ulcer. Such ulcers show irregular, sharply 
demarcated borders, with httle tendency to heal 
The regional lymph nodes are involved, and lym- 
phatic and vascular dissemination soon results in a 
generalized spread. Miliary lesions develop along 
the course of lymphatics, in subcutaneous and sub- 
mucous tissues, in muscle, in the lungs, and in 
other viscera. The lesions gradually enlarge, coa- 
lesce, and undergo central caseous necrosis. The 
superficial nodules ulcerate, while more deeply 
situated abscesses often form fistulous tracts which 
exude discharges onto the surface. Areas of con- 
solidation appear in the lungs, and the liver and 
the spleen become inflamed and enlarged. Many 
patients exhibit ulcerations of the upper respira- 
tory tract with erosion of adjacent cartilaginous and 
bony structures. An eruption sometimes becomes 
evident, either localized to one area or generally 
distributed. At first it is a macular rash, then it 
becomes papular and pustular, and the lesions may 
ulcerate. Among other septic manifestations are 
meningitis, osteomyelitis, and purulent polyar- 
thritis. Infection may extend to the sinuses, ears, 
conjunctira, mouth, pharyax, and trachea. 
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Aailc glafiders progresses w'jdi great rapidity, 
ending fatally in 1 to 3 weeks in tlie majority of 
cases. A milder s)’ndrome Iws been described hi a 
group of laboratory workers who were accidentaDy 
infected via the respiratory tract. In these cases, 
the clinical picture was not unlike that of viral 
pneumonia of average severity, and all patients 
recovered. 

A chronic form of glanders sometimes is seen. 
Tlic onset is generally insidious, with low-grade 
fc\cr and mild initial symptoms. The course is 
characterized by exacerbations and remissions and 
punctuated by the irregular appearance of painfid 
ulcers and draining abscesses. Chronic glanders 
may at any tune assume the fulminating qualities 
of the acute form. More than lialf tlie patients die 
after months or years of exhausting illness. 

Diagnosis. Specific diagnosis can be established 
by culture, by animal inoculation, by serologic test- 
ing, by the demonstration of dermal sensitivity, and 
by biopsy. MflWeomr/ees maUet can be recovered 
from c.tudates, sputum, scrapings from a local 
lesion, and terminally from the blood. Straus's re- 
action is elicited by injecting infected material into 
tlic peritoneal cavity of a male hamster or a male 
guinea pig. Scrotal swelling becomes apparent in 
2 to 4 days, and organisms then can be recovered 
from the tunica vaginalis. Both agglutinating and 
complement-IiMng antibodies appear in the blood 
during die second to fourth weeks of illness; they 
are specific when present in high bter (agglutina- 
tion titer of 1.640 or higher; complement-fixing 
titer of 1.20 or higher), except for some cross re- 
action with the antigens of Pseudomonas pseudo^ 
mallei Tlie latter organism causes meboidosis, a 
dise.'ise closely related to glanders (see Chap. 1^). 
Patients who survive the initial onslaught of illness 
develop a persistent skin sensitivity to malleiu, 
which IS an antigen prepared from cultures of M- 
mallet The test is performed by intradcrmal injec- 
tion of 0.1 ml of a 1:10,000 dilution of commerdal 
m.'dlcin; it is considered positive if an ciythema is 
present 4S hr later. Skin and mucous membrane 
lesions show characteristic histologic features and 
are readily accessible to biopsy. 

Treatment. Sulfadiazine has proved to be a 
potent chemotherapeutic agent in experimental ani- 
mal infections and has been used successfully in 
several human cases. The drug should be admin- 
istered for a minimum of 20 days, in doses suffi- 
cient to maintain blood levels of 10 to 15 wg 
per 100 ml. Penicillin is ineffectual. Streptomycin 
was of only slight benefit in an experimental study 
but appeared to be useful in the treatment of one 
^ report!^ human case. Little or no information is 
•j^available on the therapeutic activity of the newer 
^intibiotics. It is evident that strains isolated from 
patients should be subjected to careful studies of 


in vitro sensitivities, and treatment should be 
guided thereby. Other antibiotics, singly or in com- 
binalion, may prove even more effective than sulfa- 
diazine. It is probable that prolonged administra- 
tion of antimicrobial agents will be necessary to 
eradicate infection and to prevent relapses. 
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MELIOIDOSIS 

Edward S. Miller 


Definition. Melioidosis is a fulminating, usually 
fatal, infectious disease in which granuomatous 
lesions develop throughout the body. Etiologieally, 
pathologically, and cbnically it bears a striking re- 
semblance to glanders. 

Etiology. The causative organism is Pseitdomonos 
pseudomollel (until recently designated as Molho- 
mi/ces pseudomallci ) , a motile, aerobic, gram-nega- 
tjvc bacillus. This b.acterium is closely related to 
Mallcomyces mallei {Actinobacilliis mallei), the 
causative agent of glanders, but the two can be 
differentiated by bacteriologic and serologic meth- 
ods. They are also epidemiologicaUy dissumlar, for 
glanders is principally a disease of horses, whereas 
meboidosis is found in otlier species (see below). 
Tile onanism also resembles Pseudomonas ceriigi- 
nosa. In tissues the pathologic lesion produced is a 
tiny pus-filled abscess with a granulomatous mar- 
gin. 

Epidemiology. The disease was first identified in 
Rangoon in 1912, and over 300 human cases have 
since been reported, cliiefly from Indo-China, tlie 
Malay States, Tliailand, Ceylon, and contiguous 
regions. There arc indications that the geographic 
distribution is actually much broader, for a few 
human cases have been reported as originating in 
the United States, Pan.nma, Guam, and the Philip- 
pine Islands. Infected animals have been found in 
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Australia, Madagascar, and the Netherland Antilles 
(near South America). The principal reservoir of 
melioidosis is said to be in rats, but this has 
not been proved. Natural infections have been 
found in a number of animal species, including 
rats, rabbits, sheep, goats, horses, s\vine, cats, and 
dogs. It has been suggested that disease is trans- 
mitted via food and water contaminated by excreta 
and fomites of rodents, the usual portal of entry 
being the alimentary tract. Organisms have been 
recovered from surface waters. Man to man trans- 
mission has not been knoum to occur. 

Manifestations. The cLnical course of melioidosis 
is much like glanders, except that it is even more 
virulent and lethal. Nearly all cases not treated 
with antimicrobial agents have ended fatally. In 
the most acute form (90 per cent of reported 
cases), illness is sudden in onset, with shaking 
chills, high fever, and marked prostration, often 
associated with vomiting and severe diarrhea. Bac- 
teremia occurs early and results in the develop- 
ment of widely disseminated granulomatous ab- 
scesses. The patient passes into a state of stupor 
and dies within 3 to 4 days. In subacute cases, the 
course of disease is similar except that the patient 
survives sufficiently long (3 to 4 weeks) for some 
of the disseminated lesions to become clinically 
evident. These are likely to develop in the lungs, 
bones, liver, spleen, skin, and subcutaneous tissues. 
Pyelonephritis, orclUtls, epididymitis, and prostati- 
tis sometimes are seen. A pustular rash has been 
observed. In rare cases melioidosis becomes 
chronic, with deep-seated lesions and draining 
sinuses which persist for years. A few cases have 
been apparently cured. 

CiiVuM) sScvd the best 

means of prompt diagnosis. Pseudomonas pseudo- 
mallei can be recovered from blood, sputum, exu- 
dates, and urine. As in ganders, Straus’s reaction 
can be elicited by intraperitoneal injection of in- 
fected material into male hamsters or guinea pigs. 
The agglutination and complement fixation tests 
become positive in 2 to 4 weeks. The white blood 
cell count ranges from normal up to 20,000 cells 
per cu mm. Biopsy specimens reveal characteristic 
changes indistinguishable from those seen in glan- 
ders. 

Treatment. The reported fatality rate of 95 per 
cent attests to the inefficacy of older methods of 
treatment. Localized lesions should be incised and 
drained. Experimental studies and a few dinical 
reports indicate that chloramphenicol, sulfona- 
*ddes, tetracyclines, novobiocin, penicillin, and 
streptomycin exhibit some antimicrobial activity, 
but there is great variation in. strain susceptibility 
and in clinical response. It is imperative that treat- 
ment be guided by prompt identification of the 
organism and by in vitro sensitivity tests. In a 
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disease as dangerous as this it is justifiable to use 
multiple antibiotics and to administer them for long 
periods of time. 
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m VIBRIO FETUS 
INFECTION 
Robert G. Fetersdorf and 
lean L. Bennett, Jr. 

Vibrio fetus is an important cause of infectious 
abortion m sheep and cattle, which occasionally 
produces disease in man. 

Etiology. The etiologic agent, V. fetus, is a mo- 
tile, comma-shaped or spirillar, gram-negabve rod 
with a single unipolar fiagellum. Identification is 
best made on smears from cultured materia). The 
organism jjrrows well in t^ticase soy broth under 
increased carbon dioxide tension. Several ser^^rpes 
have been isolated by agglutination with anti- 
serums from both human and bovine strains. Cross 
agglutination reactions occur with other bac^terial 
spedes, particularly Brucella abortus. 

Epidemiology. Vibriosis is a venereal infection of 
cattle, sheep, and goats and is transmitted to jrravid 
heifers or ewes, resulting in abortion. Although the 
male does not become symptomatic, he acts as a 
carrier of V. fetus which has been isolated from 
the genitalia and semen of bulls. Vibriosis in man 
is probably rare, 17 cases having been reported 
prior to 1960. Farmers and meat handlers have 
been infected occasionafiy, but the majority qf pa- 
tients have not been in direct contact \vith animals. 
There is no evidence that V. fetus is transmitted 
to man through milk. Because some patients have 
developed endocarditis svith V. fetus following 
dental extraction, the mouth has been postulated 
as the portal of entry of the organism. In th«j ma- 
jority of instances, however, the mode of infection 
in man is obscure. 
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Manifestations. Vibriosis in man can present a 
variety of clinical syndromes. Fever is uniformly 
present, but the remainder of the clinical picture 
vanes widely. Three women were pregnant, and 
two of the three aborted or delivered prematurely. 
Three patients had classical signs and symptoms of 
subacute bacteria! endocarditis, and in two the Al- 
ness followed dental extractions. In two others 
vibrio infections were indistinguishable from bru- 
cellosis. Thrombophlebitis associated wth fever 
was a prominent finding in four cases; both upper 
and lower extremities were involved. 

Diagnosis. Identification of tlie organism in 
smears from cultures is the only definitive method 
of making the dmgnosis. Failure to incubate blood 
cultures under increased COj tension may delay 
correct identification of the organism. Agglutina- 
tion by specific antiserums strongly supports the 
diagnosis of V. fetus infection. On ch’nical grounds, 
vibriosis should be suspected in pregnant women 
wllb chills and fever, particularly in association 
with abortion or premature delivery, fanners and 
slaughterhouse workers with obscure febrile Al- 
nesses, and patients with fever and thrombophle- 
bitis. Despite a high index of suspicion, the diag- 
nosis will come as a surprise to the clinician most 
of the time. 

Treatment. Vtbrio fetus has been found to be 
sensitive to tetracycline, chloramphenicol, strepto- 
mycin, kanam)'cin, erythromycin, and sulfacb'azine. 
Penicillin, novobiocin, vancomycin, and polymyxin 
B are ineffective. A 10-day course of tetracy'^ne 
in dosage of 2.0 Cm per day coupled with strepto- 
mycin I 0 Cm per day will probably eradicate the 
organisms in most instances. In cases of endocardi- 
tis this regimen should be continued for 6 weeks. 
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1 Q t MIMA POLyMORPHA 

infections 

Robert G. Petersdorf at\d 

Icon L. Bennett, Jr. 

Mima polifmorpJia is a gram-negaOve pleomor- 
ihic organism, which is easily confused with mem- 
lers of the genus Neisseria. It has been isolated 
Tom patients with meningitis, subacute bacterial 
.ndocarditis, and fulminating septicemia. 


Etiology, Aiima pohjmorpha, described by De 
Bord in 1939, is one of three species within the 
tribe Mimae, the others being llerellea vagiixicola 
and Cofloides anoxydana. More recently Bacterium 
anitratum and a fifth species B5kV, both closely 
related to the tribe Mimae, have been classified 
with this group and the five species assigned to 
the family Parvobacteriaceae. These organisms are 
pleomorphic, gram-negative, encapsulated, and of 
variable motility. They grow well on ordinary 
media, forming white, convex, smooth colonics. 
Diplococcal forms predominate in colonies grown 
on solid media, while rods and filamentous forms 
are more common in liquid media. The species can 
be differentiated from one another by their ca- 
pacity to attack different carbohydrates and give 
a negative oxidase reaction, separating them from 
the neisseria, from which they can also be distin- 
guished by means of specific typing scrums. 

Epidemiology and Pathogenesis. Mimas have 
been recovered from a variety of human sources 
induding vaginal, urethral, and conjunctival secre- 
tions; war wounds, chancroid lesions, and urine; 
sputum, blood, brain, meninges, cerebrospinal fluid, 
pctcchiae and bone marrow, and synovial fluid 
Although they have been incriminated as causes 
of conjunrtivitis, vaginitis, and nongonococcal ure- 
thritis, they have also been found in the conjunc- 
tiva. vagina, and urethra of many normal persons, 
casting doubt upon their significance as a cause 
of infection in these sites. In contrast, mimas have 
been cultured from well-documented cases of men- 
ingitis, endocarditis, and septicemia, Mimo pohj- 
morpfuj being file causative pathogen in most 
instances. The upper respiratory tract was the pre- 
sumed portal of entry in most of these cases. In 
one patient with subacute bacterial endocarditis 
the i^ection emanated from the prostate. 

Manifestations. Meningitis caused by Af. poly- 
morpha closely resembles meningitis caused by the 
more common pathogens, such as meningococcus 
(p. 924) and pneumococcus (p. 8S7) and cannot 
be differentiated from them on clmical grounds. 
Subacute bacterial endocarditis has usually been 
reported in patients with congenital or rheumatic 
heart disease and tends to pursue an indolent 
course; one patient had symptoms for 18 months. 
Occasionally Af. pohjmorpha may be the cause of 
fulminating septicemia characterized by high fever, 
marked toxicity, vasailar collapse, petecliiae, and 
ecchymoses, indistinguishable from the Water- 
house-Friderichsen syndrome. One sudi patient 
showed adrenal hemorrhages at autopsy. Bacie/ium 
anitratum has also been implicated as a cause of 
bacteremia in patients with Laennec’s cirrhosis and 
of unnary tract infections. It does not seem likely 
that cither mimas or B. anitratum are important 
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causes of vaginitis, urethritis, and purulent con- 
junctivitis. 

Diagnosis. The diagnosis depends upon isolation 
of the organism from blood, cerebrospinal fiuid, or 
urine. Mimas have been reported only rarely in cul- 
tures from patients \vitli meningitis or subacute 
bacterial endocarditis, probably because most 
strains are identified as Neisseria meningitidis. In 
fact, the name Mimae was chosen because of the 
organisms’ tendency to mimic other more common 
gram-negative species. The separation of mimas 
from neisserias is of more than academic impor- 
tance since the antibiotic sensitivities of the two 
groups differ considerably. Alima polymorpha can 
be differentiated from other species of the tribe as 
well as neisserias by its inability to ferment car- 
boh}drates. In general, mimas give a negative 
oxidase reaction. The development of type-specific 
antiserums affords the simplest and most accurate 
method for differentiating mimas from neisserias. 

Treatment. Most strains of Mimae have been 
sensitive to oxytctracycline and chJortetracycline 
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and resistant to penicillin and streptomycin. Sensi- 
tivaty to chloramphenicol and the sulfonamides has 
been variable. OxytetracycUne in dosage of 2.0 
Cm per day orally or 100 mg every 6 hr intra- 
muscularly would seem to be the drug of choice in 
M. polymorpha meningiUs or endocarditis. Sensi- 
tivity to the newer antibiotics, kanamycin and 
colistin, has not been determined. 
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anthhax 

Leighton E. Cluff 


Definition. Anthrax (malignant pustule, charbon, 
splenic fever, milzbrand, woolsorter’s disease) Is a 
disease of wild and domesticated animals that is 
transmitted to man by contact with infected ani- 
mals or their products and, rarely, by insect vectors 
which act as mechanical carriers of the etiologic 
Organism. The charactenstic lesion of human an- 
thrax is a necrotic cutaneous ulcer, the “malignant 
pustule.” 

Etiology. Bacillus anthracis is a large, encapsu- 
lated, gram-positive, aerobic, spore-forming inicro- 
organism that grows well in most nutrient media. 
Its pathogenicity for laboratory animals differenti- 
ates it from Bacillus subtilis, which it dosely re- 
sembles. The spores are killed by boiling for 10 
min but can survive for many years in soD and in 
animal products, an important factor in persistence 
and spread of tlie disease. The anthrax bacillus 
possesses a capsule of glutamyl polypeptide whidi 
interferes with phagocytosis of Ae microorganism. 
In addition, it contains an anticomplementaiy sub- 
stance and elaborates a “protective” antigen and 


toxin of importance probably in determining viru- 
lence. 

The anthrax bacillus was identified by Royer and 
Davaine in sheep in 1849 and was, therefore, the 
first causative agent of an infectious disease ever 
demonstrated. The classic studies of Robert Koch 
in 1877, showing that B. anthracis was indeed the 
cause of anthrax, serve as the prototype for the 
establishment of etiology of infectious diseases. 

Epidemiology. Anthrax is world-wide; repeated 
outbreaks have occurred in Southern Europe, 
Africa, Austrah’a, Asia, and on both American 
continents. 

Cattle, horses, sheep, goats, and swine are most 
commonly infected. Between 1945 and 1953, there 
were 3,447 recognized outbreaks of anthrax among 
animals in the United States, centering mostly in 
South Dakota, Nebraska, Arkansas, Mississippi, 
Louisiana, Texas, and California. The tendency of 
the disease to occur in animals in late summer and 
early fall is related to grazing conditions and the 
abundance of flies. 

The disease m man is acquired by’ butchering, 
skinning, or dissecting infected carcasses or by 
handling contaminated hides, wool, hair, or other 
materials. It is seen principally in agricultural and 
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industrial employees. Of the 483 reported eases of 
human anthrax in tJiis country between 1945 and 
1935 the majority invoK’ed workers handling im- 
ported and unprocessed u’ool, hair, or bides, "nie 
usual form of human disease follows inoculation of 
bacilli or spores into the skin, often, if not always, 
through a wound or abrasion. However, intestinal 
infection has followed ingestion of contaminated 
meat, and anthrax may develop after inhalation 
of spores. 

Pathogenesis. The "maLgnant pustule" which 
follows cutaneous inoculation of anthrax organisms 
is characterized microscopic.ilIy by vesicoJaUon, 
neutrophilic infiltration, and gelatinous edema in 
surrounding structures. Suppuration is rare in the 
absence of secondarj- pyogenic infection. Spread 
of the bacilli to the regional lymph nodes may be 
followed by systemic dissemination. Examination 
of tissues from fatal human cases reveals masses of 
the bacteria in blood vessels, lymph nodes, paren- 
chyma of various organs, and in connecth-e tissues. 
There is scanty or absent cellubr exudation at these 
foci, the predominant changes being widespread 
hemorrhage and edema. So-called “anthrax pneu- 
monia” and “anthrax meningitis” are, in all prob- 
ability, an expression of this generalized hemor- 
rhage and edema in an easily detectable clinical 
situ, rather than selective localization of bacterial 
multiplication iu these tissues. 

Although it was at one time thought that it) 
anthrax death might be the result of occlusion of 
vessels by masses of bacilli, studies have now shown 
that the blood of fatally infected experimental 
animals contains a lethal toxin which can be 
neutralized by appropriately prepared antiserums. 
This toxin has been isolated in vitro, but its exact 
role in the pathogenesis of the disease requires 
further study. 

Manifestations. The "malignant pustule" of hu- 
man anthrax begins, usually on an exposed body 
surface, as a painless, pruritic erythematous papule, 
which soon vesiculatcs and ulcerates to form a 
black eschar. Tiny satellite vesicles are frequent. 
The ulcer may be surrounded by extensive edema- 
tous s\<eUing, which is nontendcr, nonpitting, and 
so characteristic of anthrax that it is a vdoable 
diagnostic sign. After about 5 days the ulcer begins 
to subside, but edema may persist for many da)s 
or even weeks. Mild tenderness and enlargement of 
regional Ijmph nodes is frequently present, but 
the involvement is not so striking as in tularemia 
or cat-scratch disease. Constitutional sjmptoms 
are often absent despite extensive local changes, 
but there may be mild fever, headache, and mabise. 
In the infrequent fulminant case of disseminated 
ynthrax, high fever, prostration, and a rapidty 
^'falal course arc seen So-callcd “woolsorters dis- 
ease," a highly fatal disseminated infection, is 


characterized by cyanosis, dyspnea, tnediaslinitis, 
and hemoptysis, and this type of infection probably 
is dependent upon the pulmonary route of inocula- 
tiofi. As has been mentioned, human infection can 
occur from ingestion of the uncooked ine.at of 
infected animals. However, enormous numbers of 
organisms are probably necessary to produce the 
disease by tliis route in man, and it does not occur 
in the United States. 

Laboratory Findings. The serosanguineous fluid 
from the cutaneous lesion frequently contains many 
bacilli, demonstrable by Gram’s stain and culture 
Bacilli may be found on direct examination or 
culture of the blood of patients with bacteremia. 
The blood leukocyte count is normal in mild cases, 
but there is polymorphonuclear leukocytosis in 
severe disease. Similarly, the erythrocyte sedimenta- 
tion rale may be increased, but changes are irregu- 
lar. There are no characteristic abnormalities of the 
urine. Patients with meningeal involvement usually 
show bloody spinal fluid in which the organisms 
are easily found by direct examination or culture. 

Diagnosis. A serologic agar-gel precipitin inhibi- 
tion test has been devised which has proved useful 
in epidemiologic studies of anthrax, showing that 
subclmical anthrax infection may occur in persons 
exposed to the microorganism In industry and dem- 
onstrating increasing serum antibody titers fol- 
lowing immunization. A positive diagnosis of an- 
thrax can be made by isolation of the organism in 
culture. However, a history of occupational e.xpo- 
sure and characteristic eschar and edema should 
suggest the proper diagnosis. Pyogenic infections 
of the skin are usually painful, whereas the "malig- 
nant pustule" is not. In addition, cutaneous anthrax 
is rarely purulent The different! j diagnosis of other 
diseases characterized by local ulceration at tlie 
portal of enhy is discussed on p. 965. 

Treatment and Prophylaxis. Many antibiotics are 
effective in the treatment of human anthrax, in- 
cluding penicillin, chloramphenicol, tetracycline 
derivatives, erythromycin, and streptomycin. A 
dosage of 600,000 units of aqueous cryst^ine or 
repository penicillin should be given once or twice 
daily until the local edema subsides. The eschar 
goes through its natural evolution in spile of treat- 
ment. and lymph node enlargement may persist 
for several days. Cacilfui anthracis cannot be re- 
covered from the skin lesion after 24 to 48 hr of 
pcnicillm therapy, but it may persist for a longer 
period when chloramphenicol or tetracycline is 
used. 

Exposure of personnel in industrial plants where 
contaminated animal products are handled still 
occurs in spite of measures to control it. An out- 
break of inhalation anthrax with a high mortality 
rate was reported in a goat hair processing mill. 
Sterilizatioa of all raw wool, mohair, etc., would 
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probably remove this hazard but has had only 
limited application in tlie United States. A vaccine 
prepared from the “protective” antigen of B. an- 
ihracis is available, and it has been shown to be 
effective in reducing the incidence of infection in 
an exposed population. Spore vaccines of various 
t)pes are used with good effect in domestic .*tnimnlg 
in endemic areas, but are not suitable for use in 
human beings. 

Transmission of anthrax from one human being 
to another has never been recognized. ^^Tiereas 
the cutaneous disease was fatal in 20 to 30 per cent 
of cases before antimicrobial drugs were available, 
the mortality now is less than 1 per cent in the 
United States. 
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1 Q 7 STBEPTOBACILLVS 
/ MONILIFOmilS 
INFECTION 
Edward W. Hook and 
Ivan L. Bennett, Jr. 

Strepiobacillus moniliformis causes an acute 
febrile disease characterized by skin rash and 
arthritis. Infection is usually transmitted to man 
through the bite of a rat, and the disease acquired 
in this manner is sometimes termed “rat-bite fever.” 
In rare instances infection is acquired by the oral 
route by ingestion of contaminated food or drink. 

History. Streptothrix muris ratti was isolated from 
the blood of a patient with rat-bite fever by Sdiott- 
muUer in 1914, and this organism, subsequendy 
termed Streptohacillus moniliformis, was first iso- 
lated in the United States by Blake in 1916. Further 
studies showed that Spirillum minus was also re- 
sponsible for certain cases of rat-bite fever and that 


the clinical manifestations of Streptobacillus monifi- 
formis and Spirillum minus infections are sometimes 
indistinguishable. 

Etiology. Streptobacillus moniliformis is a micro- 
aerophillc gram-negative bacterium that grows 
in artificial media as chains of bacilli of variable 
length interspersed with heeded or fusiform swell- 
ings. Long filamentous forms 0.4 to 0.6 n wide 
growing in interwoven masses may be observed. 
Primary isolation is best achieved in a fluid medium 
such as tryptose phosphate broth enriched with 10 
to 20 per cent blood or ascitic fluid. In blood 
cultures growth may not be apparent for 48 hr or 
more when it appears as minute “fluff baUs” on the 
surface of sedimented red blood cells. 

A pleuropneumonia-like Lj (L = Lister Insti- 
tute) variant can be isolated from the bacterial 
phase of most strains of Streptobacillus monili- 
formis. The L| component can be maintained in 
pure culture and transformed back to the bacterial 
phase. The Lj variant has been isolated from the 
blood of man as long as 10 weeks after onset of 
Streptobacillus moniliformis infection. 

Streptobacillus moniliformis is highly pathogenic 
for mice and chicken embryos, and in these hosts 
shows a striking affinity for joints and periarticular 
tissues where it produces arthritis and osteomye- 
litis. 

Epidemiolog)'. StTepiobacillus monthformis is a 
normal inhabitant of the nasophatynx of wild or 
laboratory ratsj the carrier rate sometimes exceeds 
50 per cent. Although the majority of sporadic 
cases of streptobacillus infection follows the bite 
of a xvild rat, infection may be transmitted by the 
bite of a laboratory rat, squirrel, or weasel. Occa- 
sionally there is no history of rodent bite or animal 
contact. Infection with this organism occurs pri- 
marily in infants, children, and men and women 
whose occupations involve exposure to rats or rat- 
infested areas. 

Streptobacillus moniliformis infection also occurs 
in an epidemic form related to ingestion of con- 
taminated food or milk. The outbreak in Haverhill, 
Mass., in 1926 involved 86 persons and was ap- 
parently caused by streptobacillus in raw unpasteur- 
jzexl milk or ice cream from a single source. The 
dinical manifestations of food-home infection arc 
similar to those of sporadic cases after rat bite 
axcept for the absence of a local lesion. The names 
Haverhill fever and erythema arthriticum epidemU 
cum have been applied to cases in which there was 
no history of rodent bite. 

Streptobacillus infection is not transmitted from 
person to person, and isolation is not required. 

Manifestations. The incubation period is short, 
usually 1 to 3 days, although extremes of a few 
hours to 22 days have been described. The onset 
of the disease is sudden xx'ith fever, headache. 
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myalgia, and malaise. Chills occur in about 60 per 
cent of the patients. A lesion may be observed at 
the site of the rat bite, which is usually on an ex* 
tremit)', the face, or tongue. Regional lytnphade- 
nopaihy may be present but is usually not a promi- 
nent feature. A discrete macular rash which fades 
on pressure develops 1 to 3 days after onset of 
symptoms in about 90 per cent of the patients. The 
rash is most marked on the extremities, sometimes 
involves the palms or soles, and may be generalized. 
The cutaneous lesions may occasionally become con- 
fluent, papular, pustular, or petechi^. Arthrilb of 
multiple joints appears in the majority of patients 
during the first u'cefc of disease. Large joints are 
usually involved, but small joints such as those of 
the fingers and toes may also be affected. The 
joints arc swollen, hot, and tender, and effusion 
may occur, especially in the knees. 

Manifestations of disease usually subside after 
about 1 week, although in the absence of anti- 
microbial therapy convalescence may be prolonged 
for several weeks because of arthritis and recutrenl 
fever. 

Bacterial endocarditis and abscess formation in 
brain, myocardium, or other tissues are rare but 
serious complications. 

Laboratory Findings. The blood leukocyte count 
rangw from 6,000 to 30,000 cells per cu mm, but 
the average coimt is about 12,000. Differential 
leukocyte count may reveal on increase in the pro- 
portion of neutrophils. The platelet count is normal, 
although the tourniquet test may be positive. 
SlreplobadUus monittformis can usually be isolated 
from blood, joint fluid, or pus during the acute 
febrile phase of the disease and occasional^ for 1 
to 2 weeks after subsidence of fever. Agglutinins 
against Streptobacillus mofilh/orniis develop during 
the second to third week of illness and arc of 
diagnostic importance if an increasing titer is 
demonstrated A false-positive serologic test for 
syphilis occurs in about 13 per cent of the cases. 

DiiferentiaJ Diagnosis. Streplohacilha montli- 
jormis and Spfnfhim minus infections both occur 
after rat bite and present rem.irkably similar mani- 
festations. Differentiation on the basis of clinical 


incidence (SI per cent) of false positive tests for 
syphilis. 

SIrcpfohac/l/iis viouiliformis infection must ."dso 
be differentiated from other forms of acute infec- 
tious arthritis, rheumatic fever, meningococccmi.'i, 
and many other processes characterized by macular 
eruption and fever. 

Treatment. StreptobaciUus monlUformh infections 
usually respond promptly to therapy with penicillin 
in moderate doses. A suitable schedule for an adult 
is procaine pcnidlhn, 600,000 units intramuscularly 
twice daily for 7 to 10 days. The organism is also 
sensitive to most of the other commonly used anti- 
microbials, and streptomycin or erythromycin can 
be substituted in therapy if penicillin is contrain- 
dicated. Patients witli endocarditis should receive 
penicilbn in a dose of 12 to 15 million units per 
day for 3 to 4 weeks. 

Prognosis. The mortality rate in sporadic cases 
pnor to the advent of effective antimicrobial therapy 
M-as about 10 per cent. Death was usually related 
to the presence of bacterial endocarditis and oc- 
casionally to myocarditis, myocardial abscesses, or 
bronchopneumonia. In patients treated with penicil- 
lin or other effective anbbiotics, the mortality rale 
Is quite low. 
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d.ita is difficult, sometimes impossible. However. 

Slreptobacillui nioniV/form£s infection is character- 
ized by an incubation period that is usually less "1 Q O BARTONELLOSIS 
than 10 days, prompt heabng of the psimary lesions J ^ ^ 

without flare-up at the onset of sj stemic symptoms, Ivan L. BetineU, ]r. 

a lugh incidence (70 per cent) of arthritb, and 

a low incidence ( 16 per cent) of false positive sero- Definition. Bartonellosis (Carrion's disease) is an 
logic tests for syphibs. In contrast. Spirillum minus infection with Bartonella hacilUformis. Two vvell- 

infection is distinguished by an incubation period defined clinical types may develop — an acute 

of 1 to 4 weeks, recurrence of pain and induration febrile nticmia of rapid onset and high mortality, 

at the Site of the bite during the acute phase of designated Oroya fever, and a benign eruptive form 

illness, a low incidence of arthritis, and a high with chronic ciiUneous lesions called icrniga 
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pertiam. Either of these t)’pes may be mild, and 
asymptomatic cases constitute the greatest epi- 
demiologic hazard. 

Etiology. BartoneUa hacilhformis is a small, mo- 
tile, pleomorphic, gram-negative bacillus which 
stains reddish violet with Giemsa’s stain. It can be 
cultured on enriched media and chick embryos. 

Epidemiology. The disease is limited to certain 
\ alleys in the Andes Mountains comprising parts of 
Peru, Ecuador, and Colombia. It occurs in regions 
between the altitudes of 2,400 and 8,000 ft where 
the sandfly vector, Phlebotomus, propagates. The 
reservoir of infection in nature is not known, but 
certain plants and lower animals have been sus- 
pected, since the disease is often contracted in 
regions which are practically uninhabited. Epi- 
demics occur more frequently during the rainy sea- 
son and often coincide with immigration of workers 
from uninfected areas. 

Manifestations. The incubation period is approxi- 
mately 3 weeks but may be longer. The initial 
symptoms are fever and pains in the bones, joints, 
and muscles. In the early stages the disease often 
resembles influenza or malaria, but blood cultures 
for bartonella organisms are positive even in the 
absence of anemia. Following this initial stage the 
patient develops one of the two classic types of the 
infection. 

Oroya Fever 

This type is characterized by sudden onset of 
high fever, extreme pallor, weak-ness, and a precipi- 
tous drop in the red blood cells. The count may 
fall from normal to i million per cu mm within 4 or 
5 days. Muscle and joint pain and headache are 
severe, and insomnia, delirium, and coma are the 
terminal manifestations. Death can occur within 
10 days to 4 weeks. Organisms are numerous in 
the blood, and stained smears may show 90 per 
cent of the erythrocytes heavily invaded. They are 
also present in the circulating monocytes and fixed 
phagocytes of the reticuloendothelial system. Sec- 
ondary infection with salmonellas is an important 
factor in fatal cases. Neither hemolysins nor ag- 
lutinins for bartonellas are found in the senim of 
patients. Recovery results if the organisms de- 
crease and fever abates. The red cell count stabi- 
lizes, tlien approaches normal values in about 6 
weeks, when convalescence begms. 

Verruga Peruana 

This form of the disease, characterized by a 
profuse skin eruption, may follow the anemic form 
or may occur in patients w’lthoul previous symp- 
toms. The verrugas vary in color from red to purple 
and vary in size and location. They may be miliary, 
nodular, or eroding, and they range in size from 


2 to 10 mm up to 3 or 4 cm in diameter. The 
three types of verrugas may occur together, since 
eruption takes place in successive crops; verrugas 
of all types and in all stages of development may 
be found on the same patient. The chief sites 
involv’cd are the limbs and face, and less frequently 
the genitalia, scalp, and mucosa of the mouth and 
phaiyru. Tliey may persist for 1 month to 2 years 
The eruption is accompanied by pain, fever, and 
moderate anemia. Bartonellas may be demonstrated 
in the lesions and cultured from the blood. 

Treatment. Chloramphenicol, orally or intrave- 
nously, Is higldy effective, particularly when sal- 
monella infections are also present, 
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-IQ A GBANULOMA 
INGUINALE 

Albert Heyman 

Definition. Granuloma ingumale is a chronic, ul- 
cerative granulomatous disease, usually confined 
to the skm and mucous membranes of the genito- 
inguinal area but occasionally appearing in other 
portions of the body. 

Etiology. The etiologic agent of this disease is 
the Donovan body {Donovania granulomatis) , a 
nonmotile, gram-negative bacillus. In stained smears 
of the lesions the organisms appear as encapsulated, 
bipolar bodies situated within large mononuclear 
cells. In chick embryo cultures, the morphology of 
the organism is vanable and may consist of bipolar 
forms, curved rods, chains, or unencapsulatcd 
bodies. The organism is not pathogenic for labora- 
tory animals and can be cultivated only in artificial 
m^ia containing yolk material. 

Incidence. Granuloma inguinale was once re- 
garded as occurring only in tropical or subtropical 
areas, but it has been shown to exist in almost 
every country and climate. The majority of the 
cases in the United States are found in the South- 
eastern section, usually among Negroes. The inci- 
dence of the disease has decreased significantly 
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in this country during recent years. Approximately 
280 cases were reported in 1959. 

Pathogenesis. Granuloma inguinale Is generally 
believed to be acquired by se.tual intercourse. The 
disease is apparently not highly infectious, how- 
ever, since it is frequently not transmitted to stanial 
p.irtners. TJie factors predisposing to invasion of 
the organism are not definitely knoum, but the dis- 
ease is found roost frequently among sexually 
promiscuous individuals and in association with 
other venereal diseases. The incubation period var- 
ies from 3 to 40 days. Although the majont)' of 
infections appear on or near the external genitalia, 
lesions about the face, hands, and ncch are not 
uncommon. Systemic complications of granuloma 
inguinale (such as invasion of the bones, joints, 
and viscera) liavc also been noted, suggesting that 
the infecting agent can spread throughout the body 
by way of the blood stream. 

Clinical Manifestations, The lesion of granuloma 
inguinale usually is a painless, sharply demarcated 
ulcer having an exuberant, red, granulating base 
which bleeds easily on trauma. The disease is ex- 
tremely chronic, and the ulcers slowly enlarge and 
coalesce. Secondary infection frequently is present 
and produces a foul-smellmg, seropurulent dis- 
charge. Interference with lymphatic drainage may 
occur, leading to swelling and elephantiasis of the 
genitalia, similar to that caused by lymphogranu- 
loma venereum. When healing occurs, further scar- 
ring and deformity may appear. Lesions of the 
ce^ of the uterus are frequent and sometimes 
are mistaken for carcinoma. Lesions about the peri- 
anal area closely resemble condylomata lata of sec- 
ondary syphilis, and dark-field examinations and 
serologic tests for syphilis are often necessary to 
differentiate the two conditions. 

The disease occasionally produces wdespread 
jcuj.oifesJjtinDs swh as xirthrili! and f«vt«OT/RUti^ 
In such instances there may be general debility, 
anemia, and malnutrition; occasionally, these have 
resulted in death. 

Diagnosis. The diagnosis of granuloma inguinale 
is based upon deroonsfration of the presence of 
Donovan bodies. Impression smears of early lesions 
stained by Wright’s method usually will show 
Donovan bodies lying within the cytoplasm of 
large mononuclear cells. The smear is of less value 
in chronic cases. The diagnosis can also be made 
by histologic examination of fixed tissues. The 
microscopic appearance of granuloma inguinale is 
essentially that of a richly vascularized ^nula- 
tion tissue with marked inflammatory cell infiltra- 
tion. Pol^TTiorphonudear leukocytes are scattered 
throughout the tissue and form small microab- 
scesses. Numerous large mononuclear cells are also 
nresent and show finely reticulated or vacuolated 


cytoplasm. Phagocytosis of polymorphonuclear 
leukocytes and other cellular debris by these cells 
is common. Intracellular or extracellular Donovan 
bodies are readily seen in tissue sections, particu- 
larly in acute cases. In chronic cases they may be 
found only after considerable search, but the 
histologic pattern is sulBdenlly cliaracteristie to 
permit a tentative diagnosis, even when organisms 
arc not found. Specific serologic tests (complement 
fixation) and skin tests have been developed, but 
their diagnostic value is yet to be determined. 

Treatment. Healing of granuloma inguinale wilt 
usually occur promptly following treatment wth 
streptomycin, cliloramphenicol, or the tetracyclines. 
Streptomycin has the disadvantage of requiring 
parenteral administration. The other antibiotics 
seem to be more effective and ore given orally in 
doises of 2 Cm a day for approxim.itcTy fifteen da) s. 
These antibiotics have trcponemicidal properties 
and should not be giv’cn until repeated dark-field 
examinations and serologic tests have excluded the 
diagnosis of early syphilis 
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LISTERIA. INFECTIONS 

Pfltil D. Hoeprich 


Listeria monoojtogcnes infections have been 
demonstrated in at least 30 animal species, includ- 
ing man. Occasional or even chronic involvement 
of the genital tract of the fertile female with 
consequent perinatal fetal infection is emerging as 
the most nearly singular of the many clinical sjti- 
dnnncs known collectively as listerosis. 

Etiology. When isolated from disease, listerias 
axe gram-positive, non-acid-fast, nonsporulating, 
micToacFophihc, motile bacilli (0.3 to 0.6 by 0 8 to 
2.5 n). Listerias are readily and frequently con- 
fused with nontoxigenic corynebactcria, erysipelo- 
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UirLt, and occasionally streptococci. Antigenic dts- 
tincUon is clearly drawn, even to the point of 
distinguishing four types of listerias; unfortunately 
typing serums are not commonly available. Motility 
and ability to reduce 2,3,5-triphenyltetrazolium 
chloride set off listeria from erysipclothrLx; yet, 
demonstration of characteristic animal pathogenicity 
must support morphologic and cultural data. Swab- 
bing the conjunctiva of the rabbit with listerias 
regularly leads to a Iceratoconjimcthitis in 3 to 5 
days. The process usually remains localized to the 
eye and is caused by no other bacteria save rare 
strains of Erysipchthrix. Generalized listeria infec- 
tion in the rabbit provolccs a monocytosis maximal 

3 to 7 days after inoculation. Intraperitoneal in- 
jection of 10‘ listerias is lethal to mice in 1 to 3 
days; myTiads of tiny hepatic abscesses are char- 
acteristic, and these commonly border on central 
lobular veins. 

Epidemiology and Pathogenesis. World-wide in 
distribution, organisms of the genus Listeria appear 
to be primarily parasites of a variety of birds and 
mammals, botli wild and domestic. With the excep- 
tion of type 2, all serotypes infect both human and 
infrahuman hosts in several countries. In tlie 
United States, 75 per cent of listerias fall into type 

4 (71 per cent 4b), while In Germany type 1 
isolates are most common. 

While wildlife may be the reservoir of listerias, 
mechanisms making for sporadic listcrosis in domes- 
tic animals and in man are obscure. Transplacental 
Infection occurs in many species, including man, 
and represents the only as yet proved example of 
human transmission of listerias. Inhalation of in- 
fected dust, ingestion of contaminated milk, and 
contact with the fluids of infected animals have 
all been implicated as means for human infection 
on the basis of a few proved cases of listerosis. 

WTiatever the route of infection with listerias, in 
the grav’id mammal, fetal infection proceeds via the 
placenta. Dissemination of listerias by fetal bac- 
teremia originating in the infected placenta results 
in widespread disease. 

Manifestations. Fetal listerosis (also known as 
septic or miliary granulomatosis, granulomatosis 
infantiseplica, argentopliile-rod infection, pseudo- 
tuberculosis) is the most frequent of human infec- 
tions known to be due to listerias. Described as a 
pathologic entity by Henle in 1893, this disease 
Was found in aborted, premature, stillborn, and 
neonatal children. Clinical attributes were de- 
scribed by several German workers in the 1930s. 
The disease may be asymptomatic in the mother, 
or a week to a month prepartum there may have 
been malaise, a shaking chill, perhaps with diarrhea, 
pain in the back or flanks, and itching of the skin. 
^Vhen symptomatic, the disease is benign and self- 


CHAP. 140 979 

limited in the mother; however, as symptoms sub- 
side, fetal movement may be noted to have de- 
creased or stopped. Infection of the fetus may 
occur as early as the Efth month of gestation. De- 
livery is normal, altliough before term. Fetal infec- 
tion is usually lethal ante partum. Of those children 
bom aliv'e, most succumb within minutes post 
partum, while the remainder usually do not survive 
Ixtyond 2 weeks. Infants in the latter group are 
critically ill vvith cardiorespiratory distress, vomit- 
ing, and diarrhea. There is hypothermia and hepato- 
splenomegaly, and mutiple granulomas may be seen 
on the posterior pharyngeal wall. Often, dark-red 
skin papules appear — particularly on the lower 
extremities. When infection becomes sjauptomatic 
more than 2 weeks after delivery, the onset is 
usually that of respiratory tract affliction with 
pneumonitis. Purulent meningitis may also occur. 

At postmortem examination the findings are char- 
acteristic and mimic those seen in rodent bsterosis 
— ^widely disseminated abscess formation with 
lesions varying in size from grossly visible to micro- 
scopic, involvmg (in decreasing frequency) liver, 
spleen, adrenal glands, lungs, pharynx, gastro- 
intestinal tract, central nerv'ous system, and skin. 
T)’pjcally, the lesions are abscesses, but classic 
granuloma formation may be seen, depending prin- 
cipally on the duration of infection before death 
Gastrointestinal involvement in fetal bsterosis offers 
the possibility of rapid diagnosis, the essential to 
early institution of vigorous therapy which may 
salvage some of the infants bom alive but infected 
Microscopic examination of a gram-stamed smear 
of meconium from the newborn normally does not 
disclose bacteria; enteric fetal listerosis results in 
meconium laden with gram-positive bacilli Alex m 
East Germany recommends smear-gram-stain ex- 
amination of meconium of all newborns whose 
mothers had fever before or at onset of labor or who 
were bom prematurely. 

Intrauterine fetal infection results in abortion or 
premature delivery. Accordingly, the possibility of 
repeated or habitual abortion in women having its 
basis in chronic, asymptomatic genital tract listero- 
sis (as is known to occur in animals — ^rabbit) must 
be considered. The serologic studies of Rost and 
covvorkers in Germany and the cultural data of 
Rappaport et al. (Austria and Israel) both indicate 
that genital tract bsterosis occurs not infrequently 
in women who have had repeated abortions. The 
significance of these findings to the over-all problem 
of spontaneous abortion remains to be defined. 
A report of listeric urethritis in men raises the 
possibility of venerea] spread of listerosis — another 
aspect requiring further study. 

Leptomeningitis, if not the most common, is the 
best known form of listerosis encountered in the 
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ad(tlt Iiuman. Clinically. ni«iingi(is due to Listeria 
monocytogenes cannot be distinguished from men- 
ingitis due to other kinds of bacteria. 

Octifoglandii/flf Iktcrosh is the uncommonly met 
With human analogue of tlte illness initiated in the 
rabbit by conjunclbal Inoculation of listeria. Tljcrc 
is a purulent conjuntisilis which may lead to cor- 
neal ulceration. Regional node jnsolvement usually 
spells the limit of spread from the eye; however, 
listcric meningitis has been reported as a complica- 
tion to oculoglandular listerosis. 

Other sjTidromcs caused by listeria, but rare in 
occurrence, include generalized illness wjth bac- 
teremia and high fever, endocarditis, polyserositis, 
and cutaneous infection. 

Lfsierifl monocytogenes docs not cause Infectious 
mononucleosis as the disease is defined in this 
countr)'. 

Laboratory Findins*- ”^1*6 major difficulty in the 
laboratory diagnosis of listeria lies in distinguishing 
it from diphtheroids. Listerias grow well on the 
usual laboratory media; however, specimens from 
sites where normally many other kinds of bacteria 
are present are best cultured on selective media, 
after enrichment. If the numbers of listerias In a 
specimen arc likely to be few. greater success in 
isolabon results when the specimen is kept in 
glucose broth at ‘l*C and subcultiircd weekly. 

Monocj’tosis is nut commonly found in human 
listerosis Leukocytosis with neutrophili.a. as in any 
acute bacterial infccticn, is seen in listeric meningi- 
tis, oculoglandular infection, bacteremia, and endo- 
carditis. Other laboratory findings, e.g, cerebro- 
spinal fluid in meningitis, arc in keeping with the 
clinical syndromes engendered. 

Differential Diagnosis. Fetal listerosis and pos- 
sibl) habitual abortion are clinical S)'T>dfomes which 
should call to mind infection due to Listeria mono- 
cytogenes. Abortion, premature dcliveiy, stillbirth, 
and neonatal death may be due to causes other 
than Iwtcrosis — Rh incompatibilit}', syphilis, toxo- 
pl.rsmosh 

In patients with leptomeningitis, conjunclKitis. 
endocarditis, bacteremia, or pol)serositis, reports 
of isol.ition of “diphtheroids” or “nonp.at?iogens” 
must always lie challenged with the possibility that 
these may be hstenas. 

Treatment. Listeria monocytogenes are suscepti- 
ble by in vitro testing to sulfonamides, penicillin, 
streptomycin, chloramphenicol, the tetracyclines, 
cnthromycin, and novobiocin in concentrations 
attainable in the blood of patients Sulfonamides, 
penicillin, streptomycin, tlie tetracyclines, and crytli- 
romycin have had most frequent clinical trial. 
On the basis of potency, bactericidal potential, 
safety, and cost, a combination of penicillin and 
'erythromycin is optimal. Dosage and duration of 


therapy should vary according to the kind of in- 
fection Tlius, in feta! listerosis, wlicrc therapy 
must be rapidly effective to be of value, a successful 
regimen is yet to be devised. For listcric meningitis 
in the adult, 20 to 30 megaunits potassium benzyl- 
penicillin by continuous intravenous infusion per 
day plus 3 to 4 Cm erytliromycin propionate by 
mouth (or one-half as mucli erythromycin by intra- 
muscular injection) per day — both are given for 
5 to 7 days beyond defervescence. Oculoglandukir 
listerosis warrants less massive therapy; 600,000 
units procaine bcnzy'lpcnicilltn by intramusctikir 
injection twice daily plus 2 to 3 Cm erythromycin 
propionate by moutli per day. Endocarditis and 
bacteremia from an unknown site have been infre- 
quently treated but would be justification for vigor- 
ous therapy: 5 to 10 megaunits potassium benzyl- 
penicillin by intramiisciil.ir or intravenous injection 
per day plus 2 to 3 Cm cjyfhromycin propionate 
by mouth per day There is little reported experi- 
ence in the tre.itment of chronic female genital 
tract listerosis Administration of single agents and 
combinations of penicillin (600,000 units procaine 
bcntylpcniciUin, twice daily, intramuscularly, for 
14 days), sulfamcthoxypyridozine (1 Cm per day 
for 14 days), tetracycline (1 to 2 Cm per day foi 
14 days) has rendered vaginal and cervical cul- 
tures free of listeria. 

Trognosis. Prompt antibiotic therapy of the acute 
forms of listerosis, e.xcepfing fetal listerosis, is 
highly effective. On the basis of agglutinin titers, 
circulating antibody disappears during the months 
following aire of listeria infections. 

The results of antibacterial chemotlierapy in 
chronic gcmtal tract listerosis, while initially op- 
timistic, have yet to bo evaluated. 
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TA-I ERYSIPELOTimiX 
INFECTIONS 

Fauf D. Iloeprich 

The parasitic incursions of Erysipciothrix rhu- 
slojraihiae [E. inskUosa) are more freijiicntly ex- 
pressed in some 20 species of animals Uian in man. 
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Clinically, unique cutaneous infection is the most 
common form of human illness; while endocarditis 
and arthritis have been described, these are but 
rarely encountered. 

History. Although isolated from mice by Koch in 
1880 and from pigs (swine erysipelas) by Loef- 
fler in 1882, erysipelothrix was first related to hu- 
man disease in 1884 when Rosenbach cultured 
erysipelothrk from a skin lesion in a patient. This 
cutaneous disease which Rosenbach labeled erysipe- 
loid was proved to be caused by erysipelothrix by 
his reproduction of it by self-inoculation. 

Etiology. As isolated from human disease, eiy'si- 
pelothrix are gram-positive, non-acid-fast, non- 
sporulating, microaerophilic, nonmotile baciUi (0.2 
to 0.4 by 0.5 to 2.5 n). Confusion with non- 
toxigenic organisms of the genus Corynebacterium 
or Listeria is not certainly resolved on morphologic 
grounds alone. Serologic differentiation is reliable 
when available. Generally, animal inoculab'on is 
required, conjunctival inoculation in the rabbit only 
rarely leads to a conjunctivitis; generalized infec- 
tion in the rabbit may cause some monocytosis, a 
much less marked reacUon than caused by listeria; 
intraperitoneal injection in mice leads to death in 
2 to 4 days, there is little gross hepatic abscess 
formation whereas purulent conjunctivities is com- 
mon. 

Epidemiology and Pathogenesis. Widespread in 
nature, erysipelothrix organisms gain foothold 
through injuries to the skin. Erysipeloid is the usual 
result and is virtually restricted to persons who In 
their occupations handle animals, fish, shellfish, 
or materials derived from animals. The incidence 
of erysipeloid parallels the incidence of swine 
erj'sipelas, being highest in summer and early fall. 
Yet, the individuals who tend pigs, even pigs ill 
xvith porcine erysipelas, do not commonly develop 
erysipeloid. If dermal containment of erysipelothrix 
IS not accomplished, the seeding of damaged cardiac 
valves may eventuate in endocarditis. 

Manifestations. From 2 to 7 days after injury 
(healing has usually occurred), a maculopapular, 
nonvesiculated, sharply defined, raised, purplish- 
red zone surrounds the site of entry. An itching, 
burning, painful irritation may precede and always 
accompanies this typical skin lesion. There is local 
swelling, and nearby joints may become stiff and 
painful Centrifugal spread from the site of inocu- 
lation is apparent in a day or so. Movement is slow, 
Vi in. per 24 hr maximally, and more rapid proxi- 
nially than distally; involvement of the terminal 
phalanx is rare, while spread to other fingers and 
the hand (but not above the wrist) is common. 
With extension, the original center fades without 
desquamation or suppuration, but with subsidence 
of local symptoms. There arc usually no systemic 
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signs or symptoms; regional lymphangitis and 
lymphadenitis are rarely seen. Untreated, the dis- 
ease subsides within 3 weeks in most patients, al- 
though relapse has been observed. 

The manifestations of erysipelothrix endocarditis 
may be cither acute or subacute, depending on the 
virulence of the infecting strain of bacilli and on 
the state of resistance of the host. Usually there are 
no cbssic erysipeloid skin lesions to suggest the 
etiology at the time endocarditis is clinically evi- 
dent. However, a history of recent erysipeloid, 
when obtained, may be helpful. 

Erysipelothrix arthritis is not clinically charac- 
teristic but usually can be related to erysipeloid or 
erysipelothrix bacteremia. Isolation of erysipelothrix 
organisms from synovial fluid has not been reported. 

Laboratory Findings. Isolation of erysipelothrix 
depends primarily upon awareness of the possibility 
of the presence of these bacteria. The usual labora- 
tory culture media are adequate for growth of ery- 
sipelothrlx, but recognition of their significance on 
culture requires distinction from diphtheroids. In 
erysipeloid, erysipelothrix are best recovered in 
glucose containing broth cultures of a full thickness 
of skin removed from the advancing edge of a 
lesion. Culture of aspirate obtained without re- 
moving the needle after injection of saline into the 
periphery of a lesion may also yield erysipelo- 
thrix. 

With endocarditis and arthritis, findings (other 
than culture of erysipelothrix) are in keeping with 
these clinical syndromes and are not characteristic 
of a specific etiology. 

Differential Diagnosis. The appearance and loca- 
tion of erysipeloid, its slow and limited spread, the 
lack of constitutional reaction, the hisloiy of occu- 
pation and injury all serve to identify this disease. 
Thus, the afOicted skin in erysipelas is quite ery- 
thematous and is usually on the face and scalp; 
there is regional lymphangitis and lymphadenitis, 
leukocytosis, fever, and malaise. Eczematous le- 
sions may itch, but display vesicles and little ab- 
normal color. The various erythemas have a dif- 
ferent location and while red do not itch or bum 
and are more apt to be chronic and not even 
slowly migratory. 

Treatment. Erysipelothrix are inhibited by peni- 
ciUm, the tetracyclines, chloramphenicol, erythro- 
mycin, and novobiocin. The agent of choice is 
penicillin. Erysipeloid is adequately treated by 
fnjecUon of 1,200,000 units benzathine penicillin 
G. Cure of erysipelothrix endocarditis has fol- 
lowed benzylpenicillin therapy in dosages of 2 to 
20 megaunits per day for 4 to 6 weel«. General 
supportive measures must not be neglected. 

I^piosis. Prompt antibiotic therapy is highly 
effective in eradicating erysipelothrix. Second at- 
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tacks of erysipeloid have been reported — appar- 
ently a soLd immunity does not result from clinical 
infection. As \vith bacterial endocarditis from any 
cause, prognosis rests primanly on tlic extent cA 
vahmlar dysfunction as it may be aggravated by 
bacterial growth on valves that are already dam- 
aged. 
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Section 7: Diseases Caused by 
Toxin-producing Bacteria 


DIPHTHERIA 
Louis Weinstein 

Definition. Diphtlieria is an acute infectious dis- 
ease produced by Conjnebactcritim dipfultersae 
and characterued by a local inOammatory lesion, 
usually in tlie upper respiratory tract, and by re- 
mote effects resisting from the absorption of toxin 
which may affect particularly the heart and periph- 
eral nerves. 

History. The earliest precise description of diph- 
theria is attributed to Bretonneau who, in 1821, 
separated diphtheria from other clinical entities 
with which It had been grouped together as "the 
croup." Klebs reported the morphologic appe.irance 
of C. dipliifieiiae in 1883, and the next year Loef- 
fler isolated the organism in pure culture. The 
toxin of diphtheria was defined In 18SS by Roux 
and Yersin who demonstrated that some of the 
manifestations of the disease could be produced in 
guinea pigs by the injection of sterile culture 
filtrates. Diphtheria antitoxin was produced by von 
Behring in 1890; this ivas soon folJoircd by applica- 
tion of serotherapy in the human disease. The 
skin test for suscejitibility to diphtheria was devel- 
oped by Schick in 1913. In 1923 Ramon shm\Td that 
the toxin could be altered in such a xvay that it lost 
its poisonous effects but retained its ability to 
provoke the development of anbloxin; this was the 
first diphtheria toxoid and served as the basis for 
the present metliods of immunizatian against the 
disease. 

Etiology. Cor^cbacterium diphtheriae is a gram- 
positive, non^onilating, nonmotiJe, uncncapisulatcd 
rod It is pleomorphic, slender, and slightly curved. 
Pseudohranching and “palisade” formations are 
^ often seen in stained smears. Charactensticalbr, 
there is a swelling at one end of the bamllus whi^ 
gives it a “club" sluipe. Diphtlieria bacilli have been 


classified into three groups on the basis of their 
colonial appearance on tellurite medium, their 
fermentation reactions, and their ability to produce 
hemolysis. The mifis type grows as a black, shiny, 
round, regular colony; the organisms are long, cot- 
tam mctachromatic granules, are hemolytic, and 
do not ferment glycogen or starch. Tlie gratis 
strain produces large, gray colonies which resemble 
a daisy head and which are composed of short, 
umformy staining rods which are nonhemolytic 
and ferment starch and glycogen. The intermedius 
type is a long, clubbed bacillus which produces a 
moderate-sized, dull black eohny, is nonhemolytic, 
and does not attack either starch or ^ycogen. 
European workers, particularly those in the British 
Isles, believe that Acre is a significant difference 
in tlie clinical manifestations and severity of the 
disease related to the strain; grouis and {ntermedm 
infections are thought to be accompanied by more 
severe toxic manifestations and a higher death rate 
than those due to milis strains; the latter have been 
featured mainly by the development of laryngeal 
obstruction. In the United States, the grai'is strain 
is comparatively uncommon, and less significance 
is attadied to the rebtionship of the type of organ- 
ism to the clmical form of the disease. 

CoTynebacicrium rfip/if/icrioc produces a potent 
toxin which is responsible for many of the dinical 
manifestations. This material has been purified and 
is a protein; as little as 0.0001 mg is a lethal dose 
for guinea pigs. Strains of diphtheria bacilli which 
elaborate exotoxin are lysogenic, that is, they cany 
bacteriophage ("prophage"). Absence of l)'Sogeny 
is associated with lack of toxm formation and 
virulence. The lysogenic stale results in altered 
metabolism of the avirulent cel], an alteration mani- 
fested as toxin production. 

Epidemiology. Diphtheria occurs primarily in the 
Temperate Zone and has been very common in 
Europe for many years. In general, the number of 
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cases of diphtheria in the United Stales and the 
British Isles has been decreasing steadily during 
the past 20 years. 

IVior to 1927, the disease occurred primarily 
in the preschool child. Since 1927, the highest 
frequency has been in children over s« }^rs of 
age and adults have been involved more commonly. 
Another striUng change has been a decrease in 
the incidence of laryngeal involvement. 

Diphtheria is acquired by droplet transmission 
from active cases or asymptomatic carriers. Fomites 
play little or no role in spread of the infection, but 
C. diphthcTiae may remain alive and wnilent in 
the dust of a darkened room for several weeks; 
this may act as a source for dissemination of the 
organisms. 

Pathogenesis and Pathology. The commonest 
portal of entry for the diphtheria bacillus is the 
upper respiratory tract. The skin, genitalia, eye, or 
middle ear may also be primary sites of invasion. 
Growth of the organism is limited to a superficial 
area in most cases, there being little tendency to 
invade deeper tissues or to enter the IjTnphatics or 
blood stream except in the terminal stages of the 
disease. The exotoxin elaborated by the bacilli m 
the local lesion !s carried by the blood to all parts 
of the body. Dissemination of toxin Nvith damage 
to remote areas appears to be greater when the 
primary lesion is in the nasopharynx, less when it is 
limited to the larynx, and least when it is con- 
fined to the nasal mucous membrane; the most 
intense intoxication is observed when lesions are 
present in the pharynx, larynx, trachea, and bron- 
chial tree simultaneously. 

The primary lesion of diphtheria is the mem- 
brane. It is thick, homogenous, leathery, and blue- 
while and is composed of bacteria, necrotic epithe- 
lium, phagoc)'tes, and fibrin. The membrane is 
surrounded by a narrow zone of inflammah'on and 
is firmly adherent to the underlying tissues; when 
it is removed forcibly, bleeding follows. Ulceration 
is not a feature; if it occurs, it is very superficial. 
Regional lymphadenitis is frequent, especially with 
gratis infections. 

The systemic lesions of diphtheria result from 
the activity of the exotoxin and are detectable 
primarily in the heart, kadneys, and peripheral 
nerves. The brain may rarely be affected. Cardiac 
enlargement is frequent; this appears to be related 
to the presence and degree of myocarditis and not 
to myocardial hypertrophy. The kidneys reveal 
acute degeneration of the epithelium, cloudy swell- 
hig, and interstitial changes; they may be quite 
enlarged. In some cases, particularly those with 
larj-ngeal involvement, there is a bronchopneu- 
n'onia which may be due to C. diphtheriae or to 
secondary invading organisms. Wffien the pneu- 
monitis is caused by the diphtheria bacillus, mem- 
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bnme is present throughout the bronchial tree. 
iTie peripheral nerx’es may reveal fatty degenera- 
tion, breaking op of the medullary sheaths, and in- 
volvement of the axis cylinder. Both motor and 
sensory fibers may be affected, but the main impact 
is on motor innervation. The anterior horn ceUs 
and the posterior columns of the spinal cord may 
be damaged. Other central nervous system involve- 
ment includes cerebral hemorrhage, meningitis, 
degeneration of ganglion cells and nerve tracts, 
and encephalitis. Petechial hemorrhages and pur- 
puric lesions are occasionally present in the kidneys, 
skin, and adrenals. Bacterial endocarditis due to 
the diphtheria bacillus is a rare finding. 

Death in diphtheria may result from respiratory 
tract obstruction by membrane or edema or from 
the action of toxin on the heart, nervous system, or 
other organs. 

Immunity. Susceptibility to diphtheria is deter- 
mined by the presence or absence of circulating 
antibody to exotoxin. The Schick test yields a 
rough estimate of the quantity of antitoxin in the 
circulation. The present method of carrying out 
this test is as follows: 0.1 ml of purified diphtheria 
toxin (*^0 MLD) dissolved in buffered human 
serum albumin is injected intradermally in the 
volar surface of the forearm; 0 1 ml o/ purified 
diphtheria toxoid (0.01 Lf) is injected into the 
other arm as a control. These areas are examined 
at 24 and 48 hr and between the fourth and seventh 
days: 

1. When the reaction is positive, the site of 
to-xin injection begins to redden in 24 hr; this in- 
creases and reaches a maximum in about a week, 
at which time the lesion may be as large as 3 cm 
in diameter and moderately swollen and tender. 
There is usually a small (1 to 1.5 cm) dark red 
central zone which gradually turns brown, des- 
quamates. and leaves a pigmented area The area 
of toxoid injection shows no reaction. A positive 
test indicates little or no circulating antitoxin or 
immunity. 

2. In a negative test, there is no reaction at the 
site of either toxoid or toxin instillation. This is 
consistent with a blood antitoxin level of %o to 
Yiqq units and immunity to ordinary exposure. 

3. Inflammation at both sites of injection within 
12 to 14 hr, which reaches a maximum in 48 to 72 
hr, and then fades constitutes a pscudoreaction. 
This practically always indicates immunity plus 
hypersensitivity to the toxin or other materials in 
the solution. 

4. The combined reaction begins like the pseu- 
doreaction, but the inflammatory response at the 
toxin site persists for some time after that in the 
area of toxoid injeebon has faded. Tins type of 
reaction is uncommon with the use of purified 
Sdiick testing materials and indicates delayed sen- 
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sitivity to toxin or otlier proteins. Circulating anti- 
toxin is either absent or low in these cases. Com- 
biiied reactions are uncommon in children and 
probably result from previous unapparent diph- 
theritic infection; their frequency increases with 
age and is highest in unimmunired groups living 
in areas vvJiere diphtheria is prevalent. 

Individuals with negative Schick tests occa- 
sionally contract diphtheria, and some persons with 
positivx; Schick reactions do not develop the dis- 
ease after exposure. Less tluin 50 per cent of odufts 
in some parts of the United States have “prolec- 
tiv e” levels of circulating antitoxin. 

Second attacks of diphtheria ore very rare despite 
the fact that only about 90 per cent of patients 
who have had the disease become Schick-negative. 
This suggests that factors otlicr than antitoxin may 
play a role in protection against infection. 

The risk of death is sharply reduced although 
the disease may be quite severe and complications 
develop in Schick-negaliv’O persons. In general, 
immunized patients have a milder illness than unim- 
mimizcd ones when the initial clinical picture and 
level of circulating antitoxin are the same. E.ifJy 
therapy of cases of diphtheria with 'antibiotics may 
lead to recurrence of the disease if exposure to 
fresh Infections occurs shortly after discontinua- 
tion of treatment Although proof is lacking, this 
suggests the possibility that the development of 
antitoxic Immunity Is suppressed in these instances. 

Clinical Manifestations. The inctibalion period is 
1 to 7 days. The local symptoms vary with the site 
of the primary lesion. Systemic reactions, in the 
uncomplic.atcd disease, arc usually of only minor 
to roodemfe severity Although fever may be pres- 
ent, it is usually low (100 to 101*F) urdcss infec- 
tion with another organism (often the beta-hemo- 
lytic streptococcus) supervenes; when this happens 
the temperature may rise to high levels. Wlien 
toxic manifestations arc absent, patients feel well 
except for a varying degree of discomfort at (he 
Site of tho local lesion. Pallor, listlessness, tachy- 
cardia, and weakness arc common and striking in 
more severe cases Peripheral vascular collapse 
often develops in the terminal stages of the disease. 

N'flifll Diphtheria. Diphtheria is occasionally re- 
stricted to the nasal mucous membrane. The infec- 
tion is usually localized to one side, and a unilateral 
scrosanguincous discharge which lasts for weeks 
is characteristic. Membrane is present on the sep- 
tum or turbinates in the anterior portion of the nose 
and may persist fox a long time without the devel- 
opment of toxic manifestations. When tlie disease 
is located in the posterior nasal areas, extension to 
the phajynx is frequent and is followed by absrap- 
.lion of toxin The presence of a foreign l»dy must 
oe ruled out in all cases of suspected nasal diph- 
*' ria. 


DISEASES DUE TO BIOLOGIC AGENTS 
i- Phari/ngeal Diphtbi-ria. The very e.irly diphthe. 
ritic membrane in the pharyiuc consists of small 

3 areas of soft exudate which wipe off easily and 
i- leave no bleeding paints. As the disease progresses, 
I) these coalesce to form an easUy removable thin 
g sheet which spreads to cover both tonsils or thg 

phaiynx, or both. Later, it becomes more dense, 
bluish-wliitc, gray, or black, depending on the 
li degree of hemorrhage, and is firmly attached to 

- tlie underlying mucous membrane so that when If 

4 Is taken off bleeding occurs. There is usually a 

- small zone of inflammatory’ reaction about the 
pciiplicty of the membrane. If infection with or- 

s ganisms such as the beta-hemolytic streptococcus 
s is superimposed, the pliaryitx is diffusely red and 
edematous. There is very little soreness of the 
f tliroat in the average case of diphtheria; discomfort 
is often severe, however, when phaiyngeal in. 
1 flammation is marked. There is usuaUy only a 
$ moderate degree of leukocytosis, 15,000 or less 
I, white blood cells per cu mm. 

Marked local spread of the pharyngeal membrane 
1 may take place, unci the throat, tonsils, and soft 
r and hard paJ.i (cs may be completely covered Pa- 
, tients with severe disease may show the picture 
j of so-called “malignant" diphtheria. In this, there 

- is great swelling of the submandibular areas and 
s the anterior neck, giving the chamcterislio "bull- 
f neck" appearance. The bre.itliing is noisy and car- 
. tied on through the open moutli, the tongue pro* 
s trades, the breath is foul, and the speech thick. 

; The pliaiyngeal tissues arc red and edem.itous, and 
‘ the cervical lymph nodes are enlarged. The skin 
r IS pale and cool. There is great weakness. Occa- 

- sionally, purpuric eruptions ^ the skin may appear, 

- particularly on the neck and anterior chest W’all. 
Drowsiness and delirium are common 

s Laryngeal Diphtheria. Involvement of tlie laryitt 
in the course of diphtheria usually results from 
extension of membrane from the pharynx. R.irely, 
however, the mfection may begin in and be limited 
to the larynx or trachea. This possibility should be 
considered in tlie differential diagnosis of all cases 
of "croup”, it can be ruled out only by direct 
examination of the airway. 'The clinical features of 
this type of disease are described below. 

Skin Diphtheria. Although skin diphtheria is a 
problem primarily in tropical areas where it is re- 
sponsible for some cases of “jungle sore" and may 
become epidemic, it occurs occasionally in the 
Temperate Zone. Cortjnebacieritim diphtherlae is 
unable to penetrate unbroken skin and invades, as 
a rule, only when epithelial integrity has been 
destroyed as in wounds, bums, etc. Although the 
lesions develop most often on the lower extremities, 
they' may appear at any site, including the perianal 
region. 

The typical lesion of skin diphtheria is a round, 
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deep, “punched out” ulcer ^’aIying from 0.5 c*n to 
several centimeters in diameter. In the early stf‘ges, 
the lesions are covered by a gray, yellow, or gray- 
bro\vn membrane which strips off easily to rfve^ 
a clean hemorrhagic base which dries quickly and 
becomes covered by thin, leathery, dark-brown or 
black, adlierent membrane. This separates spon- 
taneously 1 to 3 weeks after infection. The margin 
of the fully developed ulcer is usuaUy slightly un- 
dermined, purple, rolled, and sharply defined. 
Breakdo\vn, either after minor trauma or spon- 
taneously, is frequent, and the development of 
anesthesia, after a few weeks, is charactefstic. 
Healing of the lesions is usually slow. Scapdng 
is tire rule. Myocarditis occurs in about 5 per cent 
and ^erijhetal neuritis in about 20 ^ec cent of 
cases of skin diphtheria; the Guillain-Barr6 syn- 
drome may develop. 

Diphtheria Lesions in Other Areas. Diphtheria 
may involve the uterine cervix, vagina, vulva, and 
penis (after circumcision). Diphtheritic cystitis 
and urethritis have been observed follo\v'ing pros- 
tatectomy. These lesions are often secondaiy to 
respiratory tract involvement but may be prirtrary. 
Toxic manifestations are common. The tongue, hue- 
cal mucous membrane, gums, and esophagus may 
also be affected. Infection of the conjunctiva oc- 
curs rarely, Otitis media may occur as an isolated 
sjTidrome or secondary to diphtheria in the upper 
respiratory tract; aural discharge from which vim- 
lent organisms can be isolated may persist for 
many months. 

Complications of Diphtheria. The compb'eations 
of diphtheria are of two types: those which result 
from spread of the membrane in the respiratory 
tract and those which are due to the activity of 
the toxin absorbed from the local lesion. 

Extension and Spread of Membrane. The ipem- 
brane of diphtheria may spread from the fauces 
over the posterior pharyngeal wall into the naso- 
pharynx and anterior portion of the nose. This 
usually produces severe illness and is accompanied 
by a high risk of toxic manifestations. With 
sion of membrane into the laryn-x or trachea, or 
both, there is gradual occlusion of the airway. This 
is first manifested by tachypnea and, as obstruc- 
tion increases, restlessness, use of accessory muscles 
of respiration, and finally cyanosis and, if relief is 
not produced, death. This progression of events 
occurs most frequently in children. In some cases, 
the diphtheritic membrane extends from the trachea 
diffusely into the bronchial tree and produces clini- 
cal manifestations of pneumonia. Bronchopulmonary 
diphtheria is very serious not only because of re- 
spiratory tract obstruction but also because of the 
irtim viVivxh cam be. 

absorbed; the death rate is very high. When the 
pulmonary lesion regresses, pieces of membrane 
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may break off and produce sudden occlusion of the 
airway; a complete cast of the bronchial tree may 
be coughed up. On occasion, pharyngeal membrane 
has extended into the esophagus and cardia of 
the stomach. 

Toxic Complications of Diphtheria. Myocarditis 
develops in about two-thirds of patients with 
diphtheria but is clinically evident in about 10 per 
cent. In these, alterations in the intensity of the 
heart sounds (softening of the mitral valve sounds), 
systolic murmurs, bundle branch block, incomplete 
or complete heart block (rate as low as 30), atrial 
fibrillation, ventricular premature beats or tachy- 
cardia, or both, are detectable. Ventricular fibrilla- 
tion Is a constant threat and is frequently the 
mechanism responsible for siiHdea deaJjtu Nioety 
per cent of the cases with atrial fibrillation, ven- 
tricular tachycardia, or complete heart block die. 
Frank congestive failure due to diphtheritic myo- 
carditis occurs infrequently. Evidence of failure 
of the right heart usually develops first, and the 
commonest sjonploms is pain in the right upper 
quadrant of the abdomen due to rapid engorgement 
of the liver. Decompensation of the left heart with 
dyspnea and rales may appear later. Diphtheritic 
heart disease is not “benign” in some individuals 
who survive the acute stage. Permanent cardiac 
damage may sometimes occur. Fibrosis of the 
myocardium has been observed in young adults and 
in children who have e.xpired several weeks after 
mild myocarditis was detected by electrocardio- 
graphic study; the degree and extent of fibrotic 
change are frequently greater than would be pre- 
dicted from the type of abnormality in the tracing. 

Peripheral neuritis occurs at three different times 
in the course of diphtheria. Paralysis of the soft 
palate and posterior pharyngeal wall occasionally 
appears very early in the disease (2 to 3 days) 
when there is extensive membrane in the pharynx 
This is probably due to direct action of toxin on 
the motor nerve endings in the thorax. Neuritis 
develops during the second to sixth week most 
frequently (10 per cent). At this time, cranial 
nerve dysfunction is commonest, the third, sixth, 
seventh, nmth, and tenth nerves being involved 
most often. Loss of accommodation, nasal voice, 
and difficulty in swallowing are the most frequent 
manifestations. However, any of the peripheral 
nerx’es may be affected, with resulting paralysis of 
the extremities, diaphragm, or intercostal muscles, 
death may occur from failure of respiration. The 
peripheral neuritides which appear in the second 
to the sixth week of the disease are featured almost 
completely by motor loss; sensory changes are 
uncommon and, when present, are minor in degree 
PerijgihREal ueuxiiia may not appear until 2 to 3 
months after the onset of diphtheria. In these 
cases, the clinical picture and course rescmhlc in- 
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fectious polyneuritis. The outstanding findings sire 
symmetrical loss of sensation in a "glove and 
stocking*’ distribution and albiiminocytologic dis- 
sociation in the cerebrospinal fluid identical with 
that observed in the Guillain-Barre syndrome. 
Motor weakness and areflexia may develop with 
progression of involvement but need not be present 
Very rarely, a fatal ascending paralysis of the 
Landry tj’pe may develop. Complete recovery is 
the rule; this may require as long as a year. 

Encephalitis is a rare toxic complication of diph- 
theria; clinical manifestations are usually absent. 
Shock, which develops suddenly and without warn- 
ing, is an occasional cause of rapid death in this 
disease. In some instances, this may be a conse- 
quence of myocarditis; in others, no cause can be 
discovered. 

Other Complications. Cerebral infarction with 
hemiplegia occurs rarely in diphtheria; it is prob- 
ably due to embolization from atrial thrombi in 
patients vrith myocarditis and cardiac dilatation. 
Bronchopneumonia due to pyogenic organisms 
sometimes supervenes, especiaUy in cases in which 
laryngotracheal or bronchial diphtheria is present. 
Superinfection of the lungs is a risk in all patients 
\viih diphtheria who are given antimicrobial agents. 
Purpuric skin eruptions may be seen in severe cases, 
especially those \vith the malignant or "bull-neck" 
form of the disease. Thrombopenia is a rare find- 
mg. A mild morbilliform rash may be present dur- 
ing the early stage of development of the diphthe- 
ritic membrane. Beta-hemolytic streptococcal phar- 
yngitis may occur; it is presently uncommon be- 
cause antibiotics are usually administered from the 
beginning of the disease to eradicate the carrier 
state. Serum sickness occasionally follo%vs the use 
of antitoxin. Helapses of diphtheria may occur when 
patients given antimicrobial agents are exposed to 
fresh cases soon after the drug has been stopped. 
Bacteremia, endocarditis, and meningitis are rare 
complications. 

Course and Prognosis. The membrane may be 
present for only 3 to 4 days in mild faucial diph- 
theria. even when no antitoxin is given; it usually 
lasts for about a week in cases of moderate severity. 
It is quite common for the pharyngeal lesion to 
increase in extent and thickness during the first 
2 1 hr after the administration of antitoxin. As the 
disease begins to recede, the exudate softens, wipes 
oQ easily leaving no bleeding areas, becomes patchy 
so that it resembles the picture of "foUicuIar" 
tonsillitis, and finally disappears, leaving normal 
underljing mucous membrane. Local lesions in 
areas other than the phar)*!!! behave in the same 
fashion. 

The fatality rate in diphtheria prior to the use 
^of specific antitoxin was about 35 per cent in 
— gc cases and 90 per cent in lliosc xvith 
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e laryngeal involvement. Since specific serotherapy 
d has bcCTi employed, this has been reduced to a 
i- range of 3 5 to 22 per cent, but it Is still highest 
h whCT the larynx Is affected. The over-all death rate 
». in the United States is about 10 per cent. In the 
h author’s experience the severity of cardiac invoKe- 
t. menl and the incidence of death appear to be 
e related to the strain of C. diphtheriae. The author 
is has observed tliat, while there is no difference in 

the distribution of gracis and mitis strains in the 
I- mild forms of m)ocarditis, the incidence of the 
t. greets ^q)e is tliree times higher than that of milh 
I- in cases in which physical evidence of heart disease 
is and a very high death rate (90 per cent) are 
> present. Age influences the outcome of diphtheria, 
e death being most frequent in the very young and 

old, and lowest in those ten to thirty years old. Im- 
h munization is a factor of great import.ince in deter- 
(- mining prognosis. The fatality rate in immunized 
n individuals is onc-tcnth that in the unimmiinizcd 
i. population. Paralysis is five times and “bull-neck" 
is fifteen times less common in immunized patients, 
h As a rule, the longer the delay in the use of sero- 
L therapy, the greater the incidence of complications 
s and death. 

5. Diagnosis. The features of the fully developed 
r, diphtheritic membrane, especially in the pharynx, 

are sufficiently charactcnstic to suggest the pos- 
I- sibility of the disease In most instances. It must 
r- be emphasized, hovvever, that because many clini- 
•- clans have had little experience with this infection 
r- too much reliance must not he placed on the ap- 
«• pcarance of the phai)’ngeal exudate alone in estab- 
e hshlng tlie diagnosis. Tlierc arc a number of other 
T infections in which pseudomembranes which may 
e be confused with those of diphtheria are present; 
n among these arc infectious mononucleosis, strepto- 

0 coccal pharyngitis, viral exudatKe pharyngitis, 
I. fusospirochetal angina, acute moniliasis, and staph- 
e ylococcal infections of the thorax secondary to 

chemotherapy. 

e The only positive method of establishing the 
- presence of diphtheria is by demonstrating the 
f typical organisms in stained smears and cultures. 

With some experience, it is possible to make a posi- 
5 tivo diagnosis from methylene blue stained prep- 
t arallons in 75 to 85 per cent of cases. These ob- 
c servalions require confirmation by isolation of the 
5 organisms. Diphtheria bacilli can be recovered 
f from patients who have not been given antibiotic 
" agents in 8 to 12 hr on Loelller's medium incubated 

1 at 37*0; C. diphtheriae also multiplies, but more 
1 slowly, on ordinary blood agar. If drugs, especially 
e peniciUui or erythromycin, have been administered 

prior to obtaining material for culture, the organ- 
B isms may not grow out for as long as 5 days or 
1 may fail to grow at all All strains of the diphtheria 
fi bai^us recovered from patients should be cx- 
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amined for to^n production. This can be accom- 
plished using antitoxin-protected and unprotected 
guinea pigs or by means of an in vitro technic. 

Treatment. Patients xvith diphtheria should be 
isolated and kept at strict bed rest, with reduction 
of physical effort during the acute and early con- 
\-alescent stages. Local therapy of the diphtheritic 
lesion is usually not required because pharyngeal 
discomfort is mild. A liquid or soft diet is prefer- 
able. There is no evidence that a high intake of 
carbohydrate and vitamin C, as has been recom- 
mended, is necessary. There is no indication for 
parenteral feeding if the patient is able to take 
adequate calories and fluid by mouth. 

The only specific treatment for diphtheria is 
antitoxin. Altliougb the dosage schedules are some- 
what empiric, e.xpcrience has suggested the use 
of certain quantities in the therapy of lesions of 
varying severity, extent, and location. Antiserum 
must never be given until the absence or presence 
of sensitivity to horse serum, using the eye and 
skin tests, has been determined. Despite a failure 
to End h)’persensitivity, it is probably best to ad- 
minister the antiserum in divided doses to adults. 
The following dosage schedule is widely used: 
Mhen exudate is present on only one tonsil, 5.000 
units of antitoxin are given; for lesions covering 
both tonsils, 10,000 units are administered. UTren 
the entire pharyngeal wall and the tonsils are 
Involved, the quantity is increased to 20,000 to 
50,000 units. Laryngeal diphtheria is treated "ilh 
50,000 to 100,000 units of antitoxin. Because of the 
length of time required for antibody to reach maxi- 
mal levels in the blood after intramuscular injec- 
tion, one-half of the calculated dose is given by 
this route. If no reaction occurs, the rest of the 
antitoxin is infused slowly by vein. Desensitizalion 
should be attempted if the initial skin or eye tests 
are positive. A rare patient may be sensitive to 
such a high degree that the antiserum cannot be 
administered xvithout the risk of death. Nothing is 
gained by repeated injections of antitoxin. 

Antitoxin should be given as early in the course 
of diphtheria as possible. It has been suggested that 
larger quantities of antiserum than those recMm- 
mended above should be used when therapy is 
given late; since toxin is fixed instantaneously to 
tissues and then cannot be neutralized by anti- 
toxin, no matter bow large the dose, the effective- 
ness of this practice is questionable. Antimicrobial 
agents do not alter the comse, incidence of com- 
plications, or outcome of diphtheria. 

Patients with laryngeal obstruction should be 
watched very carefully. In mild cases, inhalation 
of Warm or cool vapor may be of some benefit. 
If advancing signs of airway obstruction develop, 
intubation or tracheostomy should be performed. 
These procedures must never be delayed until 


CHAP. 142 9S7 

<^'anosis appears because, at this point, stimulation 
of the pharynx or trachea may result in sudden 
cardiac standstill and death. Sedath’e or hypnotic 
agents should neuer be given because their effects 
may obscure increasing respiratory difficulty. In- 
tubation is the preferred method of relieving diph- 
theritic laryngeal obstruction. This requires ex- 
perienced medical and nursing staff. When such 
personnel are not available, tracheostomy is prob- 
ably the safer measure. Since patients with tracheal 
tubes in place cannot call for help, special nurses 
should be on duty at all times to ensure prompt 
and proper care. Tracheostomy or intubation has 
to be maintained for at least 3 or 4 days. 

The pulse and blood pressure should be deter- 
mined frequently. LUtie can be done to alter 
the course of the myocarditis once it develops. 
Quinidine has been used to prevent some of tiie 
arrhythmias, but bttle has been accomplished. This 
drug has also been given when potentially lethal 
abnonnal cardiac rhytlims have appeared; the 
results h.xve not been striking, and deleterious ef- 
fects have been suspected in some instances. The 
use of procaine amide when ventricular premature 
beats or tachycardia superx’ene suggests itself, 
but no documented observations of its effect have 
been recorded. The administration of digitalis when 
cardiac failure occurs in diphtheria is controversial 
Some observers consider this drug completely con- 
traindicated and employ fluid and salt resection 
and diuretics. Others feel, however, that, used 
carefully, digitalis may be given safely and xvith 
beneficial effects. Shock is best treated xvith vaso- 
constricting agents such as ephedrine, norepineph- 
rine, mephentermine sulfate, or metaraminol bitar- 
Irate; in many cases, hoxvever, such therapy is of 
no avail and death occurs. There is no evidence 
that corticosteroids or corticotropin are of any 
value in the treatment of diphtheria or any of its 
compLcations. 

Treatment of the Carrier. Corynebacterium diph- 
thcriae usually disappears from the upper respira- 
tory tract betxveen the second and fourth weeks in 
patients who do not receive antimicrobial drugs, 
in a small number of such individuals the organism 
may persist for a long time or be present per- 
manently. The most effective treatment of the acute 
and chronic carrier state is penicillin or erythromy- 
cin. The administration of 300,000 to 400,000 units 
of penicillin G in divided doses per day for 10 to 12 
days eliminates the diphtheria bacilli in practically 
100 per cent of cases. A single injection of 600,000 
units of procaine penicillin per day produces about 
the same resiJts. Erythromycin, 25 to 50 mg per 
kg body weight per day orally, is also highly effec- 
tive and is the drug of choice In persons known to 
be sensitive to penicillin. Re-treatment is indic.ited 
for carriers who do not clear on the first trial. This 



SFC. 7 


DISEASES DUE TO BIOLOGIC AGENTS 


is preferable to tonsillectoiny, whicli be con- 
sidered as a last resort should the carrier state 
persist despite repeated exposure to antibiotics. 

Prevention of Diphtheria. Diphtheria is, for tlie 
roost part, a preventable disease. Immunization at 
the age of three months should be routine. Diph- 
theria toxoid is best given together with tetanus 
toxoid and pertussis vaccine (DPT) because anti- 
body titers are higher \vith combined immunization 
than with either agent alone. "Booster" doses 
should be administered at the age of one year and 
again just before a child goes to school. Although 
it has been suggested that Schick testing is not 
necessary in those who have been immunized, 
many physicians still carry this out to determine 
the status of antitoxic immunity. A Schick test acts 
as a “booster.” It must be reemphasized that a 
negative reaction does not indicate absolute pro- 
tection against diphtheria. The old objection to the 
immunization of adults because of the fre<]uency 
of severe reaction to the toxoid is no longer valid. 
The development of highly purified toxoid has 
made it possible to protect these individuals with 
little or no risk of untoward sequelae. The usual 
procedure is to inject 0.1 ml of purified toxin sub- 
cutaneously. If there is no re.ict!on in 24 to 48 hr, 
the regular Immunization procedure is carried out. 

UnimmunIzed persons exposed to an active case 
of diphtheria should be given 2,000 units of anti- 
toxin intramuscularly, after appropriate skin and 
eye tests. In those who have been previously im- 
munized, a “booster” dose of “fluid” toxoid is usu- 
olly sufficient. Patients with diphtheria should be 
quaranbned until tliree successive cultures of the 
nose, throat, or other infected areas, taken at 
24-hr intervals, are negative. kVlien antibiotics 
have been administered, cultural studies should not 
be initiated until at least 24 hr ofter cessation of 
therapy. 
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Definition. Tetanus is a severe intoxication char- 
acterized by generalized hypertonicity of skeletal 
muscles and convulsive seizures. The manifesta- 
tions result from the action of an exotoxin produced 
by Clostridium feiani. 

History. Tetanus was described by Hippocrates 
and hay been known since ancient limes as a 
scourge of parturient women, newborn b.ibies, and 
wounded soldiers. As recently as the eighteenth 
century one out of every six infants bom in the 
Rotunda Hospital in Dublin died of tetanus neona- 
torum. The record was no more enviable in other 
parts of the world. Studies beginning in 1884 
demonstrated th.at the dise.ase is caused by a toxin- 
producing Clos/rielium. In succeeding years immu- 
nologic metliods were developed for the prevention 
of the disease. 
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Eliologic Agent. Clostridium teiani is a large, 
motile, spore-forming, gram-positive bacillus with- 
out a capsule. It is an obligate anaerobe and can 
be cultivated on artificial media in the absence of 
atmospheric oxygen. Characteristic spherical termi- 
nal spores are produced, which are highly resistant; 
if protected from direct simlight, they can survive 
for many years. Tetanus spores are often present 
in the intestinal contents of man and animals and 
ha\e been found in soil and street dust in many 
parts of the world. Under suitable conditions of 
g^o^^'th C. ietani elaborates a powerful exotorin. 
At least 10 antigenic types of Ae organism have 
been disUnguished, but differentiation is of no 
practical importance, since the exotoxins of all have 
the same immunologic properties. 

The vegetative forms of C. tetani and the exo- 
toxin are destroyed by heating to for 10 min. 
Spores can be killed by autoclaving at a tempera- 
ture of IIS^G for 20 min. 

Pathogenesis and Epidemiology. The etiologic 
agent is carried into human tissues by contamina- 
bon of a wound. A variety of lesions, both large 
and small, may offer a suitable haven for growth: 
lacerations, compound fractures, gunshot wounds, 
bums, frostbites, bedsores, and penetrating lesions 
produced by nails, human and animal biles, and 
slivers. Cases have resulted from the use of un- 
stenle surgical supplies and biologic materials. In- 
fections of the post-partum uterus and the um- 
bilical stump (tetanus neonatorum) were once 
extremely common but became rare after the intro- 
duction of aseptic obstetric techniques. Clostridium 
tetani is so ubiquitous in the human environment 
that almost any contaminated wound may contain 
the organisms. 

The mere fact that C. tetani is present does not 
necessarily mean that tetanus Nvill develop; local 
conditions in the wound must be suitable. The 
organisms rvill proliferate only in the presence of 
an oxidation-reduction potential far lorver than that 
existing in normal hving tissue. Such a fall in 
potential may occur as a result of the presence in 
the wound of necrotic tissue, soil, cloth, metal, 
'vood, or of tetanus toxin. Once the organism be- 
gins to grow, it produces toxin and thereafter can 
itself maintain the conditions necessary for con- 
tinued multipUcation. If the conditions for grorvth 
are not optimal, tetanus spores may persist in the 
tissues for many months in a dormant but viable 
state. Some may be carried by phagocytes to dis- 
tiKit parts of the body. If such tissues are later 
traumatized (as by surgical procedure), tetanus 
■^iiy then develop. 

Tetanus bacOli grow locally in a wound, shosv 
little capadty to invade, and are in themselves 
harmless. They cause disease by virtue of a soluble 
cxoloxin elaborated in the course of growth. Actu- 
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ally, two toxins are produced, tetanolysin and 
telanospasmin. Tetanolysin has a lytic effect on red 
corpuscles in vitro and may also be damaging to 
leukocytes. Its exact clinical effect is unknown, but 
it may contribute to tetanus infection by causing 
local tissue necrosis and by antiphagocytic action. 
Telanospasmin is a protein substance with potent 
neurotoxic properties. It is estimated that a dose 
of 0-13 mg is lethal for man. The toxin acts at two 
points in the body: on the neuromuscular end 
organs, causing sustained muscle spasm, and on the 
motor nerve cells of the spinal cord, medulla, and 
pons, causing convulsive seizures. Telanospasmin 
has a strong affiruty for nerve tissue of susceptible 
animals, and when once combined with it in vivo 
cannot be neutralized by any amount of antitoxin. 
The means by which toxin travels from the local 
lesion to the nervous system is still a matter of 
controversy. According to one theory, the toxin 
enters the neuromuscular end organs, passes cen- 
tripetally up the axones of motor nerves to the 
cord, then spreads throughout the nervous system. 
However, other evidence supports the theory that 
the toxin is carried to the nervous system via the 
circulating blood. 

Manifestations. The incubation period varies from 
2 days to several months, but in two-lhlrds of cases 
it falls within the range of 6 to 15 days. Some 
patients have prodromal symptoms of restlessness 
and headache. In others the first symptoms arc 
those stemming from the developing muscular 
rigidity, with vague discomfort in the jaws, neck, 
or lumbar region. Among the first muscles to show 
involvement are those innervated by the cranial 
nerv'cs, particularly the fifth, seventh, ninth, tenth, 
eleventh, and twelfth. Spasm of the muscles of 
mastication causes tnsmus and difficulty w’itli chew- 
ing. This highly characteristic phenomenon gives 
to the disease its common name of fock/atc. Sus- 
tained contraction of the facial muscles produces 
a distorted grin, called risus sardonictis. Spasm of 
the phaiyngeal muscles makes swallowing difficult. 
Stiff neck and opisthotonos are also among the 
early signs. Progressively, other muscle groups be- 
come involved, with lightness of the chest and 
rigidity of the abdominal wall, the Kick, and the 
limbs. 

The patient is conscious and mentally clear, suf- 
fering great pain from muscular spasms. There is 
profuse perspiration. Fever may or may not be 
present The wound through which C. tetani was 
introduced is usually evident, although in 10 to 
20 per cent of patients it cannot be found. Neuro- 
logic examination discloses hyperactive tendon re- 
flexes, often with sustained clonus. There are no 
sensory cliangcs. 

The symptoms and signs increase in severity for 
several days. Generalized tonic convulsions appear 
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in all but the milder cases and are accompanied 
by spasm of the larynx and the respiratory muscles. 
The resulting acute asphyxia may end fatally. Con- 
vulsions are precipitated by various noxious stimuli 
such as a sudden noise, a hypodermic injection, or 
jostlmg of the bed. If the patient survives, the in- 
tensity of muscle spasm begins to diminish slowly 
during the second week. Complete recovery may 
Lake several months. 

Occasionally mild cases occur in which there is 
only moderate muscle rigidity svithout tetanic sei- 
zures. Sometimes the administration of tetanus 
antitoxin forestalls the development of generalized 
tetanus but not of local tetanus involving the mus- 
cles around the site of injury. 

Complications are frequent in tetanus. Pulmo- 
nary atelectasis is common and may be followed by 
pneumonia, which is especially to be dreaded, for 
it seriously lessens the chances of recovery. Con- 
stipation, fecal impaction, and urinary retention 
are often encountered. Cystitis and pyelonephritis 
may develop in patients requiring catheterization. 
Traumatic glossitis is seen frequently. Compression 
fractures of vertebras may result from the convul- 
sive seizures Decubitus ulcers are likely to occur 
m patients under heavy sedation. Serum sickness 
may appear I to 3 weeks after administration of 
antitoxin. Foot drop and muscle contractures may 
follow prolonged unconsciousness with the limbs 
in poor position. Asphyxia from respiratory muscle 
or laryngeal spasm, or from aspiration of secre- 
tions, vomihis, or food may be the immediate cause 
of death. 

Laboratory Findings. The diagnosis of tetanus 
must be based on the clinical picture, for laboratory 
examinations are of little assistance. It is difficult 
to isolate the organism from the local lesion, and 
It IS a laborious task to identify it precisely. Fur- 
thermore, the presence of C. tctanl in a wound 
does not necessarily indicate that the patient has 
tetanus The intoxication itself produces no change 
in the leukocyte count, but leukocytosis may ac- 
company secondary infection. The cerebrospinal 
fluid is often under increased pressure but is other- 
wise not remarkable. The urine is normal unless 
secondary urinary tract infection is present. 

DifTerentlal Diagnosis. The incipient stages may 
resemble certain other conditions, but fully de- 
veloped tetanus is likely to be' confused with few 
Ollier diseases. A frequent diagnostic problem is 
dilTerentiation of scrum sickness from early tetanus. 
Many patients with injuries are given tetanus anti- 
toxin, and some subsequently develop serum sick- 
ness with temporomandibular arthralgia and tris- 
mus. Usually arthralgia of other joints is clso pres- 
-ent, together with urtic-Tria and generalized ade- 
lijlis. Other conditions in which trismus occin^ 
hide pcrUonstl/ar abscess and loc-il infections of 
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3 the mouth and cervical region. The finding of a 
!. normal spinal fluid in tetanus eliminates confusion 

- with meningitis. The clinical picture of sfri/clininc 
[£ poisoning, with hyperexcitability of the muscles, 
r opisthotonos, “risus sardonicus,” and tonic convul- 

- sions, may closely mimic tetanus, except that the 
y muscles are relaxed between seizures in strychnine 
^ intoxication, while spasm tends to persist in teta- 
nus. In robfcs inability to swallow is often an early 

s symptom, with droohng of saliva and spasms of the 

- muscles of deglutition, followed by fever, aaviety, 
s excitement, delirium, hyperesthesia, and convul- 
1 sions. A history of animal bite usually is obtain- 

- able. 

Trcahneat, This it a grave disease for which, 

- unfortunately, there is no specific treatment. Never- 
/ thelcss, careful and constant attention to certain 
r supportive measures often will change the outcome 

- from death to recovery. 

1 Sedofices and Muscle Jlelaxants. A most impor- 
s tant feature in therapy involves the utOizaUon of 
techniques to induce relaxation of muscle spasm 
X and to prevent the dangerous acute tetanic seizure 

- Traditionally this has been accomplished by the 
t use of sedabves, and often it has been necessary to 
s use doses so large as to render the patient uncon- 
f scious for long periods of time. This complicates 

management, as it introduces the dangers of tespir- 
$ atory depression and the problems inherent in the 
i care of an unconscious individual, Various drugs 

• have been used, including barbiturates, paralde- 
; hyde, chloral hydrate, magnesium sulfate, and tri- 

bromoctlianol. Some of the newer muscle relaxants 
s and tranquilizers have proved to be extremely use- 
/ ful m controlling spasms and seizures, and at the 
t same lime they permit a reduction in the amount 
1 of ancillary sedative medication required. The pa- 

• lienl need no longer be narcotized. Meprobamate 
I (400 mg every 4 hr) appears to be the preferred 
i medication for basic use. If satisfactory control is 
: not obtained with it, then chJorpromazine (25 to 

so mg every 4 hr) is added to the regimen. How- 
I ever it may cause excessive hypotension and som- 
nolence A barbiturate such as sodium penlobar- 
: bitai is also given periodically (100 mg every 4 to 
8 hr) to induce suitable sedation. These prepara- 
' Irons are given parenterally during the acute phase 

• of illness. Precise dosage schedules must of course 
’ be determined empirically. Neuromuscular block- 
i tag agents such as curare are considered by mariy 

clinicians to be too dangerous, because of the possi- 
bility of precipitating respiratoiy paralysis. 
Antiserum. As soon as the patient has received 

• adequate sedation, he is given 50,000 units of teta- 
nus antitoxin intramuscularly and 50,000 units in- 

• travenously, the latter being added to 250 cc of 
i normal saline, which also contains 1 cc of 1:1,000 
f solution of aqueous epinephrine. It has been shown 
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that the plasma tiler of antibody rises slowly over 
a 2-day period after intramuscular injection; so it 
is prudent to give some of the antiserum intra- 
venously. Ten thousand units of antitoxin is infil- 
trated around the local lesion, because a consider- 
able reser\’oir of toxin is present in this region. 
Serum never should be given intraspinally. The 
usual tests for serum sensitivity must be performed 
beforehand. Bovine antiserum is available if the 
patient is allergic to horse serum. This dose is 
sufficiently large to provide a safe excess of circu- 
lating antitoxin for 7 weeks or longer. Repeated 
doses are not necessary except in unusual cases in- 
volving extensive, slow-healing wounds, where 
readministration may have to be considered. Anti- 
toxin has no curative action in tetanus, for it has 
no effect on the toxin which is already combined 
with ne^^’e tissue. Its only action is to neutralixe 
newly formed toxin as it is produced in the lesion 
and before it has reached susceptible nerve cells. 

Treatment of Local Lesion. The paUenl should 
receive sedatives and antiserum before the site of 
infection is manipulated. The lesion is then treated 
according to the same surgical principles that 
would be applicable if tetanus were not present. 
Specifically, a limb should not be amputated sim- 
ply because the patient has tetanus. 

Nursing Core. There is no disease in which me- 
ticulous, gentle nursing care is of greater impor- 
tance. Constant attendance by special nurses is 
essential. The patient should be in a quiet, dark- 
ened room, wnere all external stimuli, such as 
noise, drafts, and jarring, are kept to a minimum. 
Secretions which accumulate in the pharynx must 
be removed by suction and postural drainage. It 
hss been shown that a 25“ efevutfon of (he foot 
of the bed is necessary to achieve successful pos- 
tural drainage. A padded tongue depressor should 
be placed between the teeth to prevent biting of 
the tongue during convulsions. Bedsores can be 
avoided by use of a foam rubber mattress, by 
changing Uie patient’s position frequently, and by 
special attention to care of the skin. Catheteriza- 
tion may be necessary, but an indwelling catheter 
is best avoided, as it precipitates convulsive sei- 
zures. Enemas are given as needed. Foot drop and 
'vrist drop can be prevented by suitable position- 
ing with pillows, sandbags, or splints. 

Feeding. Oral feeding is impossible because of 
trismus. Intravenous feeding must be used during 
the first few days of illness, and particukirly in 
heavily sedated or unconscious patients. It is best 
not to give fluids subcutaneously because the at- 
tendant pain stimulates the patient unduly. After 
his condition has stabilized, and if he is conscious, 
he may be fed by nasogastric tube. 

Management of Resjn'rafort/ Tract. It is essential 
that respiratory tract obstruction be prevented or 


corrected. This complication can result from the 
presence of excessive secretions, from spasm of tlie 
laiyn.x or the muscles of respiration, or from failure 
of the respiratory center. It leads to anoxia, pulmo- 
nary edema, atelectasis, and pneumonia. Trache- 
otomy has proved to be a safe and an e.xtremely 
valuable therapeutic adjunct, and it may be used 
to advantage in most moderately to severely ill 
pah'ents. The orifice should be bathed, cleansed, 
and suctioned frequently. Alevaire and oxj'gen are 
administered as needed, and bronchoscopy is read- 
ily performed when indicated. Following trache- 
otomy it is often found that convulsive seizures are 
fewer, while at the same time smaller doses of 
sedatives are required. 

Chemotherapy. The tetanal infection itself re- 
quires the use of an antibiotic, since antitoxin does 
not have antirru'crobial properties. Conversely, anti- 
biotics do not possess antitoxic properties. Experi- 
mental studies indicate that oxytetracyelme is the 
drug of choice, though other tetracyclines or peni- 
cillin are also effective. One of tifiese should be 
given during the first week. 

Prophyla.xis. In the prevention of tetanus it is 
important that all contaminated wounds receive 
thorough and prompt deansing and debridement 
Certain types of wounds are prone to develop 
tetanus infections, including those contarninated 
by soil, those over 3 hr old, those already Infected, 
deep and puncture wounds, and those containing 
devitalized tissue. The physician must exercise his 
clinical judgment in determining which will be 
given tetanus prophylaxis. 

As noted above, oxytetracycline or penicillin is 
given to prevent or to cure an incipient tetanal 
infectioa. In additiim, either passive exr actitv im- 
munization is used to raise the resistance of the 
patient If he has not had the benefit of previous 
active immunization, he must be given immediate 
passive protection with horse serum antitoxin This 
is administered subcutaneously in a dose of 1,500 
to 10,000 units. The traditional dose is 1,500 units, 
and only rarely does tetanus follow this treatment 
Nevertheless, many authorities now be]ie%e that 
the minimum dose should be 3,000 units, and that 
the amount sliould be increased if there is dcia)’ 
in treatment or in the presence of a serious injury 
such as a compound fracture, a gunsliot wound, or 
a heavily contaminated ^^x)und. 

However, there are serious disadvantages to the 
use of antitoxui. ft provides protection for only a 
fe%v weeks. A significant proportion of patients ex- 
hibit allergic reactions, including local hj’persensi- 
tivity, serum sickness, and rare but catastrophic 
anaphylactic shock. Hypersensib'vity reactions 
are reported in 2.5 to 9 per cent of patients who 
have not had previous serum injections, and in up 
to 24 per cent of those who had them. Further- 
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more, patients who have had previous experience 
with liorse serum often exhibit great acederation 
in the rate of removal of antibody from the Wood, 
so that passive protection in them is short-lived. 
Another limitation to the use of antitoxin is the 
fact that not all who need it receive it. In one- 
third to one-half of cases of tetanus, illness follows 
a wound so trivial that it is disregarded by the 
patient or is considered by the physician to be too 
insignificant to warrant antitoxin prophylaxis. 

Active immunization provides tlie most satisfac- 
tory and safest type of prophylaxis. A toxoid is 
used, and primary immunization is achiex'ed by 
gw'ing two doses of an alum-precipitated toxoid or 
three doses of fluid toxoid at montlily intervals. 
A reinforcing dose is given after 6 to 12 months, 
thus achieving basic immunization. Thereafter im- 
munity is maintained with a booster dose ex'ery 3 
to 5 years Tbe antibody response to primary im- 
munization is slow, so that if acbve immunization 
is initiated at the time of injury the patient will 
not get the immediate protection he needs. How- 
ever, if he has prexaously had basic active immuni- 
zation, a satisfactory rise In serum antibody tiler 
will occur svithin ^ to 7 days after a booster dose. 
Ordinanly a booster dose may be relied on as late 
as 10 years after the last previous toxoid injection, 
prox-ided one is certain the patient has had basic 
immunization, and provided it is given xvithin 24 
hr after the injury. However, there are occasional 
situations involving actively immunized individuals 
m which conservative Judgment indicates the si- 
multaneous administration of both toxoid and anti- 
toxin (utilizing opposite arms). Ibis should be 
done in massively contaminated, large or multiple 
wounds, particularly if they invohe the head or 
neck. It should also be done if there is doubt re- 
garding previous active immunization, or if there 
IS delay beyond 24 hr in administering the booster 
in the presence of a serious wound. 

It is of interest to note that, in an individual who 
has had previous active immunization, the simul- 
taneous administration of a booster dose of toxoid 
and of up to 1,500 tmits of antitoxin (in different 
arms) will not interfere with tlie antibody response 
to toxoid. In the previously unimmunized individ- 
ual it may. Therefore, the first dose of toxoid 
should be given several weeks after the antitoxin, 
or if given simultaneously an extra dose of toxoid 
should be given in the basic scries. 

The foregoing discussion supports the proposi- 
tion that all persons should receive the benefit of 
routine active immunization. Not only will this 
provide protection against tetanus, but of even 
greater practical importance is the fact that it will 
obviate the frequent necessity of administering 
I antitoxin, with all the attendant hazards of sensiti- 
. A large pool of actively immunized indi- 


viduals already exists in the United States, includ- 
ing tliose who served in the Armed Forces, and the 
many children who have benefited from pediatric 
immunization programs during the past 23 j'cars 
Their immunity should not be permitted to wane. 
It is particularly urgent that toxoid be administered 
to all patients who have allergies, to all who have 
received injections of horse serum, and to those 
who are occupationally prone to injuries. 

Prognosis. Case falahty rales average 30 to 40 
per cent, but vary markedly with the character of 
the cases. The rate fs much higher in young chil- 
dren, in tlie aged, in drug addicts, and in those 
who develop pneumonia or other secondary infec- 
tions. It is much higher if the incubation period is 
less tlian 7 days or if tetanaj spasms supervene 
within 2 days after onset. Most deaths occur within 
the first 10 days of illness. Survivors make a com- 
plete recovery. Interestingly, they are not immune 
lo reinfection. 
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144 botulism 

Ethcard S. MIUct 

Definition. Botulism is an intoxication resulting 
from absorption of a poisonous substance produced 
by Cfosfridiwm botulinum. The illness is character- 
ized by generalized muscular weakness and fre- 
quently ends in death. 

History. This disease was first described in Eu- 
rope over 200 years ago. It was sometimes seen in 
individuals who had eaten contaminated sausages 
For this reason the name of tlie illness is derived 
from the Latin word for sausage. Outbreaks of 
botulism have been observed in the United States 
for many years, chiefly in association V'ith the con- 
sumption of Inadequately processed canned foods. 

Etiology. Cfosfridium botulinum is a motile, 
gram-positive bacillus which produces subterminal 
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spores. It grows readily on artificial media bul 
only under anaerobic conditions. The organisms 
arc natural inhabitants of the soil and arc found 
in abundance in many parts of the world. In the 
United States the soils of the Rocky Mountain and 
the Pacific Coast regions arc most hcawly infested. 
Organisms arc frequently present on fruits and 
\'egelablcs and thus are carried into the gastro- 
intestinal tracts of animals and of man. However 
this species is unable to establish itself and grow 
in the human intestine, in contrast to other b’nds 
of Clostridia. 

Clostridium hotidinum produces a remarlmbly 
potent exotorin (called hotii/in), under suitable 
conditions of anaerobic growth, in a variety of 
foodstuffs of animal and plant origin. Tlicrc arc 
five different immunologic x’aricUes of this organ- 
ism, designated as t)'pcs A, B, C, D, and E. They 
differ in that each produces a specific exofoxin 
which is anligenically distinct from the others. 
These toxins ore by far the most potent poisons 
known, the lethal dose for man being estimated in 
terms of a fraction of a gamma. Only tetanus and 
shigella toxins are of the same order of toxicity. 
Tjpe A and tj'pc B toxins have each been obtained 
in presumably pure states and identified as globu- 
lins of large molecular weight. Bohtlin has the 
capacity to hemagglutinate red blood cells. There 
arc no qualitathc differences in the effects of the 
different t)‘pes of toxins, but there arc marked 
species differences in host susceptibility. Human 
cases are usually due to l)*pe A or tj'pc B, and 
rarely to Ij-pe E; only hvo outbreaks of tj'pc C have 
been reported, and only one of tj-pe D. 

Some spores can w-ilhstand boiling at 100*C for 
as long as 22 hr, but arc killed by moist heal at 
120*C in 4 to 20 min. The exotoxin is more labOe 
and is inactivated by boiling at lOO’C for 10 min. 

Pathogenesis. Botulism occurs as a result of the 
ingestion of toxin which has previously been 
formed in food. The botulinus bacillus does not 
produce toxin in the alimentary tract and there- 
fore is harmless when ingested. This organism fre- 
quently contaminates foodstuffs, but no human dis- 
ease has resulted from the consumption of fresh 
food. However, the spores %vill survive and pro- 
duce toxin if improper methods of food preserva- 
tion are employed. The products implicated are 
canned fmits and vegetables and canned or pre- 
serx'cd fisb and meats, as well as cheeses. Com- 
mercial packers in this country now use sterilizing 
techniques which are adequate to destroy all 
spores. The chief danger lies in home-canned prod- 
ucts, particularly when high-pressure steam meth- 
ods are not utilized. Because of this, most out- 
breaks in the United States have occurred in indi- 
ridual families or other small groups. About 15 
such outbreaks are reported annually in this coun- 


try, the majority of them in California, Washing- 
ton, and Colorado. 

Spoilage of food may be suspected because of 
abnormal taste, odor, gas, turbidity, or softening, 
but there may be no obscrs’able alterations. There- 
fore, when possible, home-preserved products 
should be boiled for 10 min before use. Needless 
to say, any item which appears to be spoiled must 
be destroj'cd without being tasted. Care must be 
taken to prevent contact of contaminated food with 
cuts on the hands, for a dangerous quantity of 
botulin might conceivably be absorbed. 

The natural and usual portal of entry of botulin 
is \ia the gastrointestinal tract. The toxin is a 
protein; j'et somehow it is able to preserve its 
identity in the gastrointestinal tract, traverse the 
intestinal wall, and enter the circulation. The 
mechanism of this remarkable accomplishment is 
not understood. A possible explanation is as fol- 
lows: only a minute fraction of the ingested toxin 
escapes digestion and is absorbed, but botulin is 
so potent that this tiny amount is sufficient to pro- 
duce disease. The major site of absorption is 
thought to be in the small intestine. Until recently 
it was believed that this represented the only natu- 
ral means by which ljuman beings acquire botu- 
lism, though it has long been known experimen- 
tally that animals are far more susceptible when 
ch jlcngcd parcntcrally or via the respiratory tract 
It is of interest to note several case reports which 
indicate that C. hotutinum can sometimes prolifer- 
ate in contaminated wounds, produce toxin, and 
thus cause clinical botulism in man. This is an 
entirely new concept of pathogenesis, and it de- 
mands a careful evaluation of the course of illness 
in patients vrith w'ound infections, particularly in 
the presence of gas gangrene. 

Botulinus toxin lus a highly specialized bio- 
chemical effect. It acts only on the cholinergic sj’s- 
tem, that is, only at the myoneural junctions of 
somatic motor ner\’es and at the synapses of effer- 
ent parasjTOpathetic nerves, thus blocking the 
transmission of nerve impulses along these path- 
ways. It interferes either with the production or 
with the release of acetylcholine from the tenninal 
fibers. It has no effect on the central nervous sys- 
tem; it does not abolish conduction in the nerve 
itself, it does not affect the reactivity of the end 
plate, nor does it affect the muscle fibers. 

Botulism is not hmiled to man. The natural dis- 
ease occurs in a varied assortment of wild and 
domnticated animals and birds, while still others 
are susceptible to experimental inoculation. The 
disease is sometimes seen in chickens or cats in 
relation to human outbreaks, when these animals 
are fed scraps from the table. 

Manifestations. Following ingestion of botulin, 
there is a latent period, usually in the range of 
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12 to 36 hr, though it may be ns short as 2 hr or as 
long as 14 claj’s The incubation period is short* 
ened end die severity of illness increased as the 
size of the dose is increased. 

Illness begins insidiously, with fatigue, weaJoiess, 
headache, and dizziness. Digestive compbints are 
observ’ed in only one-third of cases and probably 
are due to local irritation from other substances in 
the spoded food, ratlier than to the toxin. Tliey 
consist of nausea, V'omiting, upper abdominal dis- 
comfort, and diarrhea. Such symptoms subside 
after a few hours, and thereafter there is obstipa- 
tion, with abdominal distention but without tender- 
ness or pain. Botulism is essentially a generalized 
paralytic disease, and these rnanifcstatlons soon 
dominate the clinical picture. Weakness is noted 
duruig the first 24 hr in the muscles innervated by 
(he cranial nerv'es. Soon it spreads to tlie rest of the 
skeletal system. Except for headache, botulism 
docs not give rise to pain. 

The patient is clear mentally and rem-ains so 
throughout the course of his illness. There Is no 
fever unless secondary infection occurs. Initially, 
there may be hypersecretion of the lacrimal, sail* 
vaty, and sweat glands, but this b soon followed by 
diminished function. Early in the illness excessive 
vagal tone sometimes causes the pulse rate to drop 
below 50 per minute. Subsequently, there are vagal 
depression and tachycardia. Hypotension may oc- 
cur as a result of penphoral vascular dilatation. 

The most significant physical alterations arc seen 
m Uie nervous system. Neatly all patients exhibit 
cranial nerv’c palsies involving any except tlic olfac* 
tory and optic nerves. Weakness of the intrinsic 
and extrinsic eye muscles results in loss of the 
light and accommodation reflexes, mydriasis, ptosis, 
strabismus, diplopia, or nystagmus. The face be- 
comes expressionless because of tlie seventh nerve 
paralysis. Chewing, swallowing, and phonation are 
interfered iviUi, and the tongue cannot be con- 
trolled The neck muscles are unable to support the 
head TJie limbs berome progressively vvc-iltcr, and 
movements may be incoordinatcd. Complete pa- 
ralysis of a limb b rarely encountered, since death 
supervenes before this occurs. Pulmonary vcnlda- 
bon IS diminished as a result of weakness of tlic 
intercostal muscles and tlie diaphragm, and tyano- 
sis appears. The superficial and deep reOexes are 
dimmished but rarely absent. The sensory system 
IS intact. 

The paralysis may progress to a fatal termina- 
tion after 2 to 10 days of illness. Death results from 
paralysis of tlic respiratory muscles, from obstruc- 
bon of the airway, or from attendant pulmonary 
infection. In nonfatal cases the muscular weakness 
. ^increases over a period of 10 days; then, almost Im- 
|)crcepbb!y, function begins to return. The muscles 
nivolved in respiration, deglutition, and speeidi are 
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tlic first to show improvement. Visual abnormali- 
ties persist for weeks or months. From 2 ta 6 
months elapse before all s)Tnptoms disappear. 

Laboratory Findings. The clinical diagnosis can 
he substantiated by identifying botulinus toxin 
either in the food or in the body of (he pj(icn(. A 
suspected specimen is suspended in saline solu- 
tion and inoculated Into mice. If toxin is present, 
the animals become paraly^, whereas control 
mice, passively immunized with spcciTic antiscmm, 
are protected. The toxin can occasionally be dem- 
onstrated in the stomach or intestin.'il contents, in 
the peripheral blood during life, or in organ ex- 
tracts after death. Addi(ien.xl evidence may be 
gained by culturing C. boiii/iniim from tlie food, 
although it must not be forgotten that the organism 
may Iw n liarmless contaminant. 

T7ie disease produces no characteristic changes 
in the leukoc)'te or erj'throcjic counts, in the urine, 
or in the spinal fluid. The electrocardiogram may 
show flattening of T vvaves and depression of S-T 
segments. 

Diflercntial Diagnosis. Botulism may he con- 
fused with other diseases of toxic or infectious ori- 
gin. One should seek a history of recent consump- 
tion of home-preserved foods, and of coincident 
illness among other human beings or animals that 
shared the food. Cranial nerv'e palsies and other 
paralytic phenomena are seen at times in polio- 
myehtis. In V'iral encephalitis, and in acute infec- 
tious polyneuritis. Tliesc dbeascs arc often accom- 
panied by fever and by spinal fluid abnormalities. 
In postdiphthcrilic paruysis a hblorj* of preceding 
sore throat usually can be obtained. Tlie paralysb 
of shellfish poisoning appears a few minutes after 
ingestion of the sea food and is accompanied by 
paresthesia, giddiness, and somnolence. In mush- 
room poisoning there arc severe pains with marked 
vomiting and diarrliea. Intoxication with the bella- 
donna group of alkaloids leads to fever, tachycardia, 
and delirium. An overdose of curare results in tlic 
rapid onset of widespread paralysis, with death or 
recovery in the course of minutes or a few hours 
Mj-astlienia gravis is usually easily diffcrenli-itcd. 

Treatment and Proph>]axis. Botulism is most 
satisfactorily controlled by prevention, for methods 
of treatment are inadequate. Practically all human 
cases are due to citlier type A or type B toxin, and 
a bivalent antitoxin is available for prophjlaxis 
and for therapy. ^Vhen the diagnosis is suspected 
on clinical grounds, the antitoxin should be admin- 
istered immediately by the intravenous route in a 
total dose of 100,000 units. The antiserum will not 
reverse the effects of toxin which has already be- 
come bound to receptor cells, but it will ncutrahze 
that which has not yet been fixed. Early adminis- 
traUon. therefore, is important. The same dose 
should be given prophjlactically to other indivrid- 
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uals who have eaten the contaminated food but 
havenotyet de% eloped symptoms. 

The patient should be kept at strict bed rest. 
There may be residual toxin in the gastrointestinal 
tract; tlierefore it should be emptied by gastric 
lavage, by enema, and by catharsis. Hypotension 
and shock can be counteracted by appropriate 
measures. Careful and continuous nursing cate is 
essential. 

Respiratory failure and airway obstruction are 
fundamental features which lead to death, and 
every effort must be made to overcome these dan- 
gers. The problems are similar to those encoun- 
tered in poliomyelitis with respiratory paralysis. 
Many of the newer therapeutic techniques which 
ha\e proved successful in that disease arc appli- 
cable to the treatment of botulism (sec p. 1145). 
WTien the swallowing reflex is lost, oral feeding 
becomes dangerous and must be repLiccd by naso- 
gastric tube or intravenous feeding. Pharyngeal 
secretions arc removed by suction and by postural 
drainage. The patient should be placed in a me- 
chanical respirator with the first signs of wealencss 
of the respiratory muscles. Tracheotomy is an es- 
sential part of the program, providing an unob- 
structed ainvay and a means of removing tracheal 
secretions, 

Narcotics, sedatives, and other respirator)' de- 
pressants are strictly contraindicated, even though 
patients arc often apprehensive and restless. 

Effective toxoids ha\'c been developed for pro- 
tection against all five types of toxin. They are 
useful chiefly In protecting laboratory workers. 

Prognosis. The fatality rate In typo A cases Is 70 
per cent, while in type B cases it is 20 per cent or 
less. If a patient sur\ives the first 10 days of illness, 
his chances of recovery are good. Convalescence 
may take as long as 6 montlis, but it leads even- 
tu.illy to complete restoration of function. 
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^A.K OTHER CLOSTRIDIAL 

1.^0 infections 

Edward W. Hook 

Bacteria of the genus Closlridhim are normal 
inhabitants of soil and the gastrointestinal tracts 
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of man and animals. Most of the 50 species that 
have been recognized are saprophytic, but others 
are infectious for man and animals, usually under 
conditions of lowered host and tissue resistance. 
Infections with these organisms are often associ- 
ated with profound systemic manifestations, and 
all pathogenic clostridia, except Clostridium tetanl 
(p. 988) and C. bofultnutn (p, 992) , are capable of 
causing extensive tissue destruction at the site of 
invasion. Diseases caused by these other clostridia 
include gas gangrene, cellulitis, postabortal and 
puerperal sepsis, and rarely, pneumonia, pleurisy, 
pcntonltis, meningitis, endocarditis, cystitis, or bur- 
sitis. In addition, ingestion of food contaminated 
with certain clostridia may cause enterocolitis with- 
out the neurologic manifestations of botulism. 

Hippocrates and Celsus were aware of the rela- 
tionship between penetrating wounds and gas gan- 
grene, but the nature of this disorder was not 
appreciated until the discovery of pathogenic clos- 
Iridia by Pasteur, Novy, and Welch. The inci- 
dence of g.is g.ingrcne diminished markedly with 
the advent of antiseptic surgery in the latter half 
of the nineteenth century, only to rise again to 
epidemic proportions during the trench warfare of 
the First World W.ir. The rarity of serious clostrid- 
ial infections in United Nations troops in Korea 
attests to the advances in surgical management of 
war wounds. Gas gangrene and clostridial cellulitis 
arc still encountered in neglected civilian injuries, 
and clostridial infections of the uterus account for 
a large proportion of deaths from criminal abor- 
tions. 

Etiology. Wounds complicated by gas gangrene 
usu.al]y contain a mixture of pathogenic and sapro- 
phytic clostridia, often including C. tetani, as well 
as a variety of other organisms. Clostridium welchti 
(C. perfnngens), C. oedematiens (C. novijl), or 
C scpticum {Vibrion septique) can be cultured 
from most cases of gas gangrene and clostridial 
cellulitis, and C. welchii causes virtually all clostrid- 
ial infections of the uterus. Clostridium bifer- 
nicntans, C. sporogenes, C. histolyticum, C. ter- 
Hum, and C. fdllax are less virulent organisms that 
occasionally cause gas gangrene but are more com- 
monly associated with localized cellulitis. Clostrid- 
ium botuUnum has been isolated from wound 
infections of several patients with clinical manifes- 
tations of botulism (see p. 993). 

The clostridia of gas gangrene and related infec- 
tions are anaerobic or microaerophilic gram-posi- 
tive bacilli that produce abundant gas in artificial 
media and form subterminal endospores. Clostrid- 
ium tcelHui is encapsulated and nonmotile, rarely 
sponilates in artificial media, and its spores can 
usually be destroyed by boiling. 

Epidemiology and Pathogenesis. Clostridia do not 
penetrate intact skin or mucous membranes, but 
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gain entrance to the tissues through wounds or 
perforated abdominal viscera. Gas gangrene dcvTl- 
ops only in devitalized tissues in which the arterial 
circulation has been compromised by trauma, hy 
constricting tourniquets or casts, or by obliterative 
arterial disease. Infection is most frequent after 
severe muscle injuries, particularly of the thigh, 
and is more common in wounds complicated by 
compound fractures or lodgment of foreign bodies. 
The importance of host factors in tlie pathogenesis 
of clostridial infections is emphasized by the ob- 
servation that pathogenic Clostridia can be cul- 
tured from one-third to two-thirds of severe trau- 
mab’e wounds whereas gas gangrene develops in 
only an occasional case. 

Gas gangrene and related infections are charac- 
terized by extensive necrotizing myositis, edema, 
thrombosis of small vessels, interstitial gas bubbles, 
and minimal infiltrab'on of leukocytes. Although 
bacteremia may occur, Infection at distant sites is 
rare. Clostridia produce potent toxins during the 
course of infection; spores or vegetative forms 
washed free of toxin are completely innocuous when 
injected into undamaged tissues of experimental 
animals. The nature and the amounts of toxin pro- 
duced vary considerably for different species and 
strains. Clostridium tcelc/tii elaborates alpha toxin, 
a lecithinase which is the principal tissue-destroy- 
ing, hemolytic, and "lethal” toxin. Other C. wcichil 
toxins include collagenasc, hyaluronidase, hemoly- 
tic theta toxin, a substance that damages vascular 
endothelium, and a factor that inhibits leukocy-te 
migration and phagocytosis. None of these organ- 
isms produces a neurotoxin; muscle spasm or pa- 
ralysis In a patient with gas gangrene suggests 
concunent tetanus or botulism 

Clostridial Mtjonecrosis (Cos Gangrene, 
Clostridial Myositis) 

Gas gangrene occurs as a complication of exten- 
sive injury and ischemia of skeletal muscle. The 
incubation period is usually 1 to 4 days but may 
vary from 6 hr to 6 weeks or longer. The earliest 
symptom is sudden, severe pain in the injured part 
The distal portion of an involved limb becomes 
cold and edematous within a few hours, and even- 
tually pulseless and gangrenous. Tlie wound drains 
a watery, brown material with a peculiar sweet, 
foul odor. The appearance of the w'ound is usually 
not that of a pyogenic inflammatory lesion. De- 
pending on the duration of the process, the sur- 
rounding skin may be normal, wliite and tense, or 
dusky brown and reddish. Vesicles or hemorrhage 
bullae may develop, particularly in C. fcptlaim 
infections. Gas is usually not detectable in the 
tissues by palpation except in advanced lesions. 

-'.Occasionally tiny bubbles may be seen in the dis- 
charge from the wound, and rarely crepitation can 


be detected at an early stage by auscultation with 
tho stethoscope. The involved muscle appears dark 
red or black, herniates through the wound, and 
sloughs at the surface. 

Systemic manifestations dev’eloping shortly after 
onset of severe pain and sweUing of an injured 
extremity strongly suggest gas gangrene. The pa- 
tient is prostrated, pale, and motionless but is 
usually well oriented, alert, and extremely appre- 
hensive. Tlie temperature usually does not exceed 
10l*F and may be normal. As the illness pro- 
gresses, there may be anorexia, vomiting, profuse 
watery or bloody diarrhea, and eventually, cir- 
culatory collapse with clammy skin, tachycardia, 
hj-potension, and sometimes wide pulse pressure 
and dicrotic pulse. The pulse rate is elevated out 
of proportion to the temperature. Massive intra- 
v'oscular hemolysis is rare with C. tcclchli myositis. 
Pericardial effusion is someUmes noted. Delirium 
and coma may precede death, but more commonly 
the patient dies suddenly several days after the 
onset of illness, often during surgery or anesthesia 
or while only being moved. Acute renal failure is 
occasionally a late complication. 

Gas gangrene must be differentiated from non- 
doslridial infections of gangrenous limbs caused 
by anaerobic streptococci (p. 923) or aerobic gas- 
forming coliform bacilli (p. 932) . 

Clostridial Cellulitis 

This is a relatively benign infection of skin and 
subcutaneous tissues that occurs in approximately 
5 per cent of wounds contaminated with patho- 
genic Clostridia. Tlie disease is characterized by 
spreading necrosis of superficial tissues and a pro- 
fuse, foul-smelling, brown, seropunilent exudate 
Gas. which crepitates on palpation, invariably 
forms in the subcutaneous tissues and may involve 
an entire limb or form a localized gas abscess. In 
clostndial cellulitis, tlie underlying skeletal muscle 
Is not involv’ed, pain is not severe, and tlie only 
systemic manifestations are slight fever and moder- 
ate tachycardia. It can usually be differentiated 
from streptococcal cellulitis by the presence of 
subcutaneous gas and the absence of erythema. 

Postabortal and Puerperal Sepsis 

Uterine infections with C. welchil usually occur 
after incomplete abortions induced under unstenle 
conditions and, occasionaUy, after spontaneous 
abortions, prolonged labor at term, ruptured mem- 
branes, or operative interference with pregnancy. 
The organisms presumably invade the damaged 
endometrium through the retained products of con- 
ception. The earliest symptoms may be caused by 
instrumentation and consist of metrorrhagia, supra- 
pubic and back pain, chUls, and fever. Fever with 
a temperature of 100 to 103®F, often with chills. 



DISEASES CAUSED BY TO X 1 N - I'UOD UCING BACTEKIA 
usually recurs sc%-eral daj’s after abortion, but the 
incubation period can be as short as 0 hr. Vaginal 
bleeding is almost invariably present, and there 
is often a brown, foul-smelling vaginal discharge 
containing ncCTotic tissue. The ccrsix is soft and 
patulous, and the uterus and adnevas arc usually 
\cry tender. Tlic lower abdominal wall is often 
tense, or signs of generalized peritonitis may be 
present, secondary to perforation of Uic uterus or 
paramclrial c.xlcnsion of infection. Nausea, s’omil- 
ing, and profuse diarrbea arc often prominent. 

Systemic manifestations usually appear with dra- 
matic suddenness. Massix’o intravascular hemolysis, 
accompanied by liemoglobincmia, hemoglobinuria, 
and jaundice, is often lire most striking feature of 
the disease. Icterus may appear within hours after 
the onset of illness. As in gas gangrene, the clinical 
picture may be dominated by circulatory colhipsc 
wid\ hypotension, extreme tachycardia, cyanosis, 
h)pcrpnca, and pulmonar)’ edema. Despite severe 
prostration, the patient Is well oriented, alert, and 
apprehensive almost to the end. Tlic mortality rate 
in postabortal or puerperal sepsis caused by C. 
tfcWn'i is 40 to 70 per cent. Death may occur a 
f(^v hours after onset or bo delayed for several 
days. Patients who recover from the acute episode 
of shock, dehydration, and hemolysis frequently 
develop acute renal failure. 

Unusual local complications of the uterine infec- 
tion arc gas g.ingrcnc of the vagina and rectum 
'rith formation of a cloaca and clostridial cellulitis 
of the anterior abdominal wall following caesarean 
section or hysterectomy. At times, the infectious 
process is confined to the endometrium and myo- 
metrium, with Intrauterine gas formation (physo- 
metra). 

Diseases to be considered in the diffcrcnlial 
diagnosis include perforated uterus, ruptured ec- 
topic pregnancy, ingestion of toxic aborlifaclcnts, 
streptococcal or staphylococcal puerperal sepsis, 
pelvic thrombophlebitis with septic pulmonary 
emboli, acute hepatic necrosis of pregnancy, sickle- 
cell crisis, and ^Vei^s disease. 


Clostridium vvclchii Pood Poisoning 

Meat and meat products contaminated vxitli C. 
velchii have been responsible for outbreaks of 
acute gastroenteritis. The strains of C. teeJehii that 
cause food poisoning differ from tliose causing gas 
gangrene by forming spores that resist boiling for 
1 to 4 hr. These strains are widespread in nature, 
and in England have been isolated from a high 
proportion of raw meat samples, from animal feces, 
and from stools of 2 to 5 per cent of normal human 
beings. 

Typical symptoms of diarrhea with abdominal 
pain develop 8 to 24 hr after ingestion of meat, 
stew, or soup which has been stored at a warm 
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temperature for several hours after cooking. Nau- 
sea is common, but vomiting is rare. Systemic 
manifestations are usually absent, and recovery is 
uncv'cntful after 12 to 24 hr. A severe form of the 
disease in Germany, known as "enteritis necro- 
tans,” h.is been associated with a high incidence 
of intestinal obstruction, severe dehydration, shock, 
and death. 

Closiiidium wclchii food poisoning can be re- 
produced experimentally in man by feeding the 
organism actively growing in meat or soup. How- 
ever, gastroenteritis does not occur after ingestion 
of bactcrla-free filtrates of cultures of food-poison- 
ing strains. 

Af/sec/fencous CJosiridial Infections 

Pathogenic clostridia are occasionally introduced 
into the abdomen, thoracic cavity, or cranium 
through penetrating wounds or surgical incisions. 
Actual visceral infections with these organisms are 
exceedingly rare and almost invariably associated 
with a mixed bacterial flora. Primary pneumonia 
in the absence of a penetrating wound or distant 
focus has been described. Clostridial pleurisy may 
involve the underlying lung but is usually an indo- 
lent localized infection with minimal systemic man- 
ifestations Meningitis is usually secondary to a 
puncture wound of the skull and is often associated 
with a necrotizing ccrebritis. Clostridial peritonitis 
may follow perforation of the gallbladder, appen- 
dix, or other viscus and is usually rapidly fatal 
Gostridial septicemia occurs occasionally in pa- 
tients with leukemia or other neoplastic processes 
who arc treated with antimetabolites and anti- 
inflammatoiy glucocorticoids. The primary infec- 
tion is in the gastrointestinal tract, which is usually 
the site of extensive neoplasbc disease. Cystitis 
with pneumaturia, endocarditis, and bursitis after 
needle aspiration are other examples of rare clos- 
tridial infections. 

Laboratory Findings. The diagnosis of gas gan- 
grene, clostridial cellulitis, postabortal sepsis, or 
other clostridial jnfeebons is based primarily on 
clinical criteria. Smears of wound exudate, uterine 
scrapings, or cervical discharge may show abun- 
dant large gram-positive bacteria with square ends, 
as well as other organisms. Spores are rarely ob- 
served in smears of e.xudates. ThioglycoUato broth, 
deep-meal broth, and blood-agar plates incubated 
in an anaerobic jar should be inoculated for defin- 
itive identification of specific clostridia. However, 
interpretation of posibve wound cultures is difficult 
because clostridia are frequent contaminants. CIos- 
iridium uclchii septicemia is common in post- 
abortal infections but rare in gas gangrene and 
other clostridial infections. All attempts to demon- 
strate circulating toxins have been unsuccessful. 

Polymorphonuclear leukocytosis occurs fre- 
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cjucnlly in gas gangrene and invariably In post- 
abortal sepsis; total blood leukocyte eoimts range 
from 15,000 to 40,000 cells per cu mm, and occa- 
sionally exceed 60,000 cells per cu mm. MarVed 
thrombocytopenia develops in about 50 per cent of 
patients with clostridial sepsis. The urine fre- 
(piently contains protein and casts. Renal insulli- 
ciency may lead to severe and Irreversible azo- 
temia, hyperpotassemla, hj’perphosphatemia, and 
acidosis. 

X-ray examination sometimes provides the first 
clue leading to the correct diagnosis by revealing 
the presence of gas in muscle, siibeutAneous tissue, 
or uterus; however, demonstration of gas in tissues 
is not diagnostic of clostridial infection. Ollier bac- 
teria, especially of the genus AcroJjacter or Escher- 
ichia, may be responsible for gas production, and 
occasionally air is sucked into a wound at the 
lime of penetrating injury. 

Profound alterations of circulating erythrocytes 
aie common in postabortal sepsis but arc much less 
frequent in other clostridial infections. Anemia may 
develop with almost unbelievable rapidity; the red 
blood cell count occasionally decreases by 2 miUion 
cells per cu mm in less than 24 hr. Hemolysis re- 
sults in severe anemia, hemoglobmeroia, hemo- 
globinuria, and elevated levels of indirect serum 
bilirubin. Spherocytosis, increased osmotic and me- 
ciianieal fragility of the red blood cells, eiylhro- 
phagocytosis, and methemoglobinemia have also 
been described 

Treatment. Serious clostndial infections require 
prompt surgical intervention If clostridial myone- 
crosis IS strongly suspected, early surgciy aids diag- 
nosis, permits decompression of fascial compart- 
ments and excision of devitalized muscle, and may 
circumvent amputation. In addition, early debride- 
ment of an involved extiemity may afTord dramatic 
relief of the systemic manifestations of gas gan- 
grene Curettage of the uterus should be performed 
for diagnosis and treatment of postabortal doslrid- 
lal infections. Hysterectomy should be considered 
if myometritis is present. Simple excision and ade- 
quate dramage usually suffice for treating clostrid- 
ial cellulitis. 

Penicillin is the antibiotic of choice for nil clos- 
tridial infections and sliould be administered in 
doses of at least 20 million units a day. Tctracycjme 


is also active against most strains of Closirfdmm and 
lias been recommended as an adjunct to penicillin 
therapy. Despite the fact that clostridial toxins are 
rapidly fixed in the tissues and cannot be demon- 
strated in the blood, early treatment with antitoxin 
appears to reduce the mortality from gas gangrene 
complicating war wounds. It is recommended that 
100,000 units of polyvalent gas gangrene antitoxin 
be given intravenously as an initial dose, followed 
by 50,000 units ev’ery 4 to 6 hr to all patients with 
suspected gas gangrene or clostridial postabortal 
sepsis. 

Tlie use of clostridial toxoids for prophylactic 
immunization of individuals in hazardous occupa- 
tions awaits evaluation. Antitoxin is apparently in- 
effective as a prophylactic agent and is not recom- 
mended. The most reliable protection against gas 
gangrene is achieved by early and adequate 
wound debridement. 

Intravenous infusions of blood, plasma-volume 
expanders, fluids, and electrolytes are often re- 
quired to combat shock, anemia, and dehydration. 
Renal insulBciency should bo treated in the same 
manner as acute tubular necrosis from other causes 
(see p. 1496). 
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TUBERCULOSIS 

William M. M. Kirhtj 


Definition. Tuberculosis is an infectious disease of 
protean manifestations which is svidespread among 
man and animals. The initial lesion is usually Iq. 
cated in the lung, and from it tubercle bacilli may 
spread by intrabronchial dissemination, or by di- 
rect extension; or they may be carried in the blood 
stream to many organs throughout the body, caus- 
ing destructive lesions at the time of dissemination 
or after long periods of latency. In the majorit)' 
of individuals the primary infection becomes ar- 
rested, but it causes alterations in the immunologic 
state of the host which modify the response of the 
tissues to subsequent reinfection or to exacerbation 
of the primary infection. Pathologically, varying 
degrees of exudation, production, tubercle forma- 
tion, necrosis, and fibrosis are observed, depending 
on the organ involved, the number of infecting 
baciUi, the virulence of the organisms, and the 
iimnunologic state of the patient. 

History. The discovery of lesions involving the 
hones of a Neolithic man and of Egyptian mum- 
mies indicates that man has been afficted wnth 
tuberculosis during much of his evolutionary de- 
velopment. The contagiousness of tuberculosis was 
recogtu 2 ed by Aristotle, and the name phthisis was 
conferred by Hippocrates because of the marked 
bodily wasting produced by the disease. An impor- 
tant advance occurred in 1819 when Laeruiec as- 
serted in his treatise on the use of the stethoscope 
that tubercles, wherever present, were manifesta- 
tions of a single disease process. This disputed 
doctrine was supported by the inoculation experi- 
ments of ViUemin in 1865 and was finally proved 
by the discovery of the tubercle bacillus by Koch 
in 1882. Subdivision of the tubercle bacilh patho- 
genic for man into three types followed, the avian 
bacillus being isolated by Magucci in 1890 and 
human and bovine types being differentiated by 
Theobald Smith in 1898. 

A most important development in the history of 
tuberculosis was the discovery of streptomycin by 
Waksman and his associates in 1944. The early 
studies of Hinshaw and Feldman indicated that 
streptomycin possessed therapeutic potentialities 
Unapproached by earlier chemotherapeutic agents. 
Lehmann, working with derivatives of brazoic 
acid, was responsible in 1943 for experiments lead- 


ing to the synthesis and eventual clinical utilization 
of para-aminosalicyhc acid. Isoniazid was discov- 
ered independently in 1951 by three groups of 
chemists who were studying the tuberculostatic 
action of derivatives of nicotinic acid. 

Prevalence and Incidence. Tuberculin surveys 
and autopsy studies 50 years ago indicated that 
virtually 100 per cent of tlie population was in- 
fected prior to the age of twenty. The situation has 
changed greatly since that time; in tlie United 
States, for example, tuberculin sur\’eys now re\eal 
less than 20 per cent of positive repctors in young 
adults, and it is estimated that less than 50 per 
cent of the total population is infected. Skin hyper- 
sensitivity is kno^vn to disappear in a certain per- 
centage of individuals, and consequently, autopsy 
studies yield higher figures than tuberculin surv'eys 
Autopsies performed by Medlar in New York City 
from 1944 to 1946 showed that the incidence of 
infection in individuals over fifty years of age was 
above 80 per cent These studies indicate that the 
decline in the incidence of infection has occurred 
chiefly among the younger age groups. 

The morblditij—i.e., the frequency of actual tu- 
berculous disease— IS difficult to estimate accu- 
rately, but most authorities agreed that there were 
approximately 350,000 active cases in the United 
States in J957. Thus, although almost hall the total 
population was infected by the tubercle bacillus, 
clinically significant disease develops in only a 
relatively small number of individuals. 

There has been a striking decline in the mortal- 
ill/ rate from tuberculosis during the past 50 years 
From first place in 1900 witli over 200 deaths per 
100,000 population, tuberculosis by 1940 had 
fallen to seventh place as a leading cause of death, 
with a mortality rate of 45.9 per 100,000. By 1930, 
the figure had fallen to only 22, and in 1938 it was 
7.1. The most important factors in this decline have 
been the improvement in living standards, with 
belter nutrition and housing, shorter working 
hours, and earlier diagnosis and treatment. Tuber- 
culosis remains one of the major causes of dcatli 
in young adults, ranking fourth in the age group 
fifteen to thirty-four. 

Since 1943, the mortality rate has declined more 
precipitously than during the preceding two dec- 
ades, because of the advent of chemotherapy. 
From 1938 through 1945 the death rate declined 
about 3 per cent each j-ear. From 1916 through 
1931 the a\erage annual decline increased to 11 



1000 stc. 8 DISEASES DUE TO BIOLOGIC AGENTS 


per cent, and in 1932 (when isonlazid was intro- 
duced) through 193-1 it was 20 per cent. The fig- 
ure for 1958 was 9 per cent. 

Unfortunately, there has not been a proportion- 
ate decrease in the number of nc\sly discovered 
active infections. Since 1930, for example, the 
death rate has fallen from 70 to 10 per 100,000 
penons, while the ncw-case rate has declined only 
from 100 to 60. Thus the situation has reached the 
point where the mortality rate is no longer an 
accurate index of tlio prevalence of tuberculous 
infection. The large number of new cases discov- 
ered each year (over 60,000) indicates that many 
individuals with undiagnosed active tuberculosis 
are still at large in the community. Of the esti- 
mated 330,000 eases of active tuberculosis in the 
United States today, 123,000 remain unrecognized. 

The tendency for active tuberculosis to occur 
among older age groups deserves special mention. 
In only 20 jears the percentage of newly discov- 
ered cases in individuals under the age of thirty 
has dropped from more than 50 per cent to 20 per 
cent. During the same period the percentage of 
patients in tuberculosis hospitals who are over sixty 
years of age has increased from 6 to almost 25. The 
rate of newly reported active eases of lubereulosis 
among men is nearly twice that among women; in 
patients over lift)' years of age the ratio is 4:1. 
llomcicss, alcoholic men make up a large propor- 
tion of the new cases. 

CTIOLQGV 

Tliree t)'pes of tubercle bacilli— human, bovine, 
and avian— are known to infect man. The last Is of 
least importance; only a small number of proved 
eases of avian infection liave been reported in 
humans Morphologic and cultural differences be- 
tween the tluce types arc somewhat variable, and 
animal inoailation is resorted to for positive iden- 
tification. Tlie human t)-pc caus<» disease in the 
gninc.a pig but not in the rabbit, the bovine type in 
both the guinea pig and the rabbit, and the ovian 
t)pc in birds and rabbits, but not in the guinea pig. 

■Hie tubercle bacillus is about 1.0 to 4.0 n in 
length and 0.3 /i in thickness Beaded and granu- 
lar forms have been observed with both modified 
Cram and acid-fast stains, but ev idcnre indi- 
cates tliat many of tlicsc arc artefacts of the stain- 
ing process. True granular forms do occur, particu- 
larly in oUIcr cultures, and are identified by their 
red rather than purple color, lack of distention of 
the cell wall, and failure to disappear with tlie 
addition of alcoliol. Evidence for a filtrable virus or 
zoogleic stage in the life cvcle of the tubercle ba- 
cillus Is not entirely conv incing; for the present It 
-v must lie assumed that reproduction ocairs by 
fission The divlinguishing linctnn'.vl property of the 


tubercle bacillus — namely, its ability to resist de- 
colorization by acid alcohol when stained with basic 
fuclisin — is known to be related to the waxy com- 
ponent, and probably specifically to mycolic acid. 
Curiously, the structural integrity of the cell is also 
invxilved, for grinding the bacilli between glass 
slides destroys acid-fastness, whereas prolonged ex- 
traction with fat solvents does not alter this prop- 
erty. 

Aviiulent dissociates of virulent strains of tu- 
bercle bacilli may be produced by appropriate 
cultural techniques, and occasionally tubercle ba- 
cilli of imusually low virulence for laboratory ani- 
mals have been isolated from man. It has not been 
definitely established, however, that true dissoci- 
ation can occur in tlie human body. A simple 
morphologic differentiation between virulent and 
avirulcnt dissociates has been described by Mid- 
diebrook and Dubos — namely, that virulent cul- 
tures grow in long, tightly formed cords, with 
individual bacilli parallel to each other, whereas 
avirulcnt organisms are haphazardly arranged. The 
correlation between cording and virulence is not 
absolute, however. 

Chemically, the tubercle bacillus is unique In {ts 
high lipid content, which makes up one-fourth to 
one-third of its dry weight. The lipids are com- 
posed of phosphalidcs, acetone-soluble fats, and 
waves. These substances probably account for the 
unusual resistance of the tubercle bacillus to bac- 
tericidal agents, to drying, and to wide temperature 
variations They are not, however, ns was once 
thought, situated on the surface of the cell as a 
thick capsule but ore distributed throughout the 
body of the bacillus. 

Tubercle bacilli are strict aerobes and are usu- 
ally isolated on solid media containing potato, egg 
yolk, and glycenn. Growth is slow, 4 to 6 weeks 
being required for colonies to develop. Because of 
their high lipid content, tubercle bacUIi are hydro- 
phobic and grow in clumps on the surface of or- 
dmaiy bquid media. Dubos has developed a liquid 
medium containing a complex ester of oleic acid. 
Tween 60, which coats the bacilli, making them 
hydrophilic, and provides rapid, diffuse, submerged 
growth. This medium has become a standard tool 
for quantitative laboratory studies 

TRANSMISSION 

Inhalation of air containing tubercle bacilli is 
the most important means of acquiring tubcrciilcius 
infetrtion in man. Tlie bacilli may be transmitted in 
droplets of saliva or sputum. Transmission may uc- 
cur also from inhalation of particles of dust laden 
with viable organisms, a method which is possible 
became of the peculiar resistance of the hiberde 
lucilhis to desiccation and eq>osure. Tubercle In- 
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dill are VUIed within a few hours in direct sun- 
light, but survive up to 5 days in a well-lighted 
room, up to 5 months in the dark, and as long as 
a year and a half in the refrigerator. 

In addition to inhalation, tubercle bacilli may 
enter the mouth and pharynx by direct or indirect 
contact with infected material. Tuberculous food 
handlers, for example, may deposit organisms on 
food or eating utensils, which are then placed in 
the mouths of uninfected subjects. Similarly, tuber- 
culous sinuses, and urine and feces, may occasion- 
ally be sources of infection. Kissing is an examjde 
of transmission by direct contact and is probably 
an important source of infection in infants. Dogs 
are susceptible to both the human and the bovine 
bacillus and may occasionally transmit tuberculo- 
sis. Cats are said to be highly resistant to the 
human type of bacillus but susceptible to the bo- 
vine form. Placental transmission of tuberculosis 
in the human occurs but is rate. 

The various sources of infection described above 
apply chiefly to the human bacillus, which is 
responsible for over 95 per cent of tuberculous 
infections in this country. The intensive campaign 
to destroy tuberculous cattle and to encourage pas- 
teurization of milk has practically eliminated the 
mllk-bome bovine type of tuberculosis in the 
United States. In some countries, ingestion of con- 
taminated milk is still responsible for a large num- 
ber of cases of cervical adenitis and abdominal 
tuberculosis in infants and children. Infection of 
the lungs by the bovine bacillus is uncommon, even 
in areas in which it Is responsible for a high inci- 
dence of intestinal tuberculosis. The tubercle bacil- 
lus is destroyed by boiling in water for 2 min, or 
by pasteurization at 60®C for 20 min. 

PATHOLOGIC ANATOMY 

This subject is considered exhaustively in text- 
books of pathology; a brief summary wfll provide 
adequate reorientation for the purposes of this dis- 
cussion. In general, two types of tissue response 
predominate in tuberculosis — exudative and pro- 
ductive. According to Firmer, exudative reactions 
tend to occur in association with loose tissue stnic- 
ture, large doses of highly virulent organisms, and 
bronchogenic spread to parenchymal tissues. Pro- 
ductive reactions are commonly observed xvith 
Small doses, low virulence, and firm tissue struc- 
ture, and in lesions in interstitial tissues resulting 
from hematogenous dissemination. 

In the exudative lesion in the lung, polymorpho- 
nuclear leukocytes, large mononuclear cells, and 
fibrin infiltrate the alveolar spaces. After a variable 
period of time this pneumonic type of lesion may 
undergo partial or complete resorption, or it may 
caseate. If caseation occurs, areas of caseous pneu- 


CHAP. 146 1001 

monia become liquefied, a process which leads to 
cavitation, with leukocytes and c-xiidativc mate- 
rial being expelled as sputum. Caseous areas may 
also be replaced gradually by fibrosis and calci- 
fication. It should be emphasized that tlie exuda- 
tive reaction may be misdiagnosed easily, even by 
histologic examination, since epithelioid cells, 
Langhans giant cells, and caseation may be absent. 

The productive lesion, or iubercle, involves 
growth of new granulation tissue, supported by a 
definite reticulum which pushes the normal tissue 
aside. The tubercle consists of Langhans giant 
cells, epithelioid cells, and a surrounding layer of 
lymphocytes. Later, the granulation tissue making 
up the tubercle forms a fibrous capsule around the 
periphery, differing in this respect from the exuda- 
tive lesion, in which the surrounding fibrosis is 
produced by collagenous tissue normally present in 
the peribronchial, perivascular, and septal spaces 
Productive lesions rarely undergo resolution to the 
extent observed with exudative lesions. 

Rarely, primary tissue necrosis may occur in tu- 
berculous infection. This is observ'cd in the so- 
called “acute caseating miliary tuberculosis” and 
presumably results from the sudden hematogenous 
dissemination of large numbers of tubercle bacilli 
in extremely hypersensitive IndiWduals. 

IMMUNITY 

Native Resistance. Man possesses a relath ely 
liigh degree of native resistance to tuberculosis, as 
manifested 1^' his ability to arrest the infection in 
the great majority of instances. Susceptible ani- 
mals, such as the guinea pig, have little resistance 
and almost invariably snooumb to the disease. 
There are probably no differences in actual native 
resistance among white races; the higher mortality 
rate of city-dweUing Irish, as compared with Jews, 
is probably due to natural selection of resistant 
individuals among the latter. Negroes and Indians 
possess distinctly lower native resistance than 
whites. Resistance is influenced by age and sex; 
examples are the high mortality rate in infants, 
and in females during the child-bearing period. 
The effect of environmental influences such as poor 
nutrition and overcrowding is clearly demonstrated 
by the close correlation of tuberculous mortality 
with economic and hygienic alterations during war- 
time. 

Acquired Resistance. Koch observed that cotanc- 
ously inoculated guinea pigs developed an indolent 
ulcer at the local site, with rapid spread to. and 
marked enlargement of, the region.al I)Tnph nodes 
and eventual death from generalized tuberculosis. 
In contrast, animals previously infecfctl developed 
an intCTise local skin reaction within a day or t'vo, 
followed by ulceration and healing. Spread from 
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the local site was greatly inhibited, and there was 
little imolvcmnit and enlargement of the tributary 
lymph nodes. Subsequent studies ha\*e confinned 
and elucidated tire chief characteristics of the le- 
sion of reinfection in animals and man, namely, 
(1) an intense local inflammatory reaction, which 
develops much more rapidly than rrdth the primary 
infection; (2) suppression of multiplication of tlw 
organism; and (3) inhibition of spread of the ba- 
cilli, with little or no involvement of the reponal 
lymph nodes, and a greatly decreased tendency 
toward hematogenous dissemination. 

Tuberculin hypersensitivity appears at approxi- 
mately llie same time as acquired resistance, from 
2 to 6 wcehs following the initial infection. Tlie 
two are closely assodated, altliough the degree of 
hypeisensilivi^ is not a measure of immunitj'. In 
man, a definite but limited degree of acquired 
resistance occurs as a result of a primary infection. 

Mechanisms of Resistance. The basic mechanisms 
underlying native and acquired resistance to the 
tubercle bacillus are unknown. Native resistance 
seems to be determined by conditions existing 
Within the mononuclear phagocytes, in which large 
numbers of tubercle bacilli become segregated soon 
after entering the body. In the susceptible body, 
bacilli multiply freely in Uie monocytes, while in 
the natively resistant body the environment is, for 
some unknown reason, unfavorable, causing the 
organisms to be inhibited and gradually to die. 

In acquired resistance, humoral immunity has 
not been found to play tlie important role it does 
in most other infections Humoral antibodies liave 
been demonstrated repeatedly in animals and pa- 
tients infected with the tubercle bacdlos, but they 
appear irregularly, do not increase the resistance of 
normal animals to tuberculosis, and have not been 
found in vitro to render tubercle bacilli more easily 
phagocytable by opsonization. 

Lune has observed an increased metabolic activ- 
ity of phagocytes in natively resistant or immu- 
nizerl rabbits, and sturhes indicate that hoimones 
may play an important role in immunity. Genet- 
ically susceptible rabbits have been found to 
secrete about twice as much hydrocortisone as ani- 
mals which arc genetically resistant. These obser- 
vations may lead to a belter understanding of 
immunity in tuberculosis. 

PATHOGENESIS 

Primary Tuberculosis. Most tissues exposed to 
direct contact with bacilli are protected by local 
mechanic, al defenses under OTthnary circumstances 
but may become infected when these defenses are 
broken. Tlius, the primary focus is observed occa- 
sionally on the fingers, on car lobes that have been 
oierced, on the tonsils, and on the conjunctiva. 
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In the lung, the primary focus is usually near 
the pleura and occurs most frequently in the upper 
part of the lower lobe or the lower part of Uie 
upper lobe. Initially exudative in cliaracter, the 
primary focus rapidly undergoes caseation. Tu- 
bercle bacilli escape freely and are carried to the 
bronchopulmonaiy and tracheobronchial lymph 
nodes, which become greatly enlarged and undergo 
exudation and caseation. The combination of the 
primary focus and the enlarged regional lymph 
nodes is commonly referred to as the primary com- 
pfex. 

It has become increasingly common for indi- 
viduals to attain adult life vn’tbout contracting a 
primary tuberculous infection. It is a curious fact, 
iiovv'evcr, that, in while adults, it is unusual to ob- 
serx'e the x-ray enlargement of the tracheobron- 
chial lymph nodes so characteristic of primary 
infections in childhood. From the standpoint of 
both x-ray appearance and clinical course, lesions in 
recently tuberculin negative .adults are indistin- 
guishable from those clearly due to reinfection 
tuberculosis. Exceptions have been observed but 
arc uncommon. In Negroes, typical primary com- 
plexes are observed In adults as well as in children. 
This racial difTcrenee suggests that an age-cicler. 
mined native resistance may modify the character- 
istics of prim.iry infections I’n white adults, while in 
Negroes, who have a lower degree of native re- 
sistance, the age-determined difference is lacking. 

Deviations from the classic primary complex 
have been described by Tcrplan. The parenclijnnal 
focus and the lymph node component have been 
observed to occur separately, and new typical pri- 
mary complexes have been noted in lungs in which 
the true initial complexes arc in a relatively ad- 
vanced stale of healing. 

In the great majority of instances the primary 
complex undergoes gradual healing, with encapsu- 
lation of the parcnchjTTial and lymph node com- 
ponents, and eventual calcification. By x-ray the 
lesions gradually recede from the peripher}', and 
eventually leave small areas of calcific density, usu- 
ally less than 1 cm in diameter. Bacteriologically, 
in over 80 per cent of adults who have arrested 
a primary infection in childhood, the calcified pri- 
mary complex is sterile. In these instances the pos- 
sibihties of endogenous exacerbation are not com- 
pletely excluded, however, for tubercle bacilli may 
remain viable in lesions of the paratracheal or 
upper mediastinal nodes. 

In a small percentage of cases tliere is progres- 
sion of the primary comp1e.x; this accounts for most 
of the fatalities in infants and children. Progression 
occurs in the following ways: (1) direct extension 
or intrabronclual spread; (2) massive lymph node 
caseation witli rupture into a bronchus, resulting in 
tuberculous pneumonia; and (3) hematogenous 
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dissemination. Hematogenous dissemination occuk 
frequently during the course of primary tubercu- 
losis, and may result in the full-b!o^vn picture of 
miliary tuberculosis, with death in a few weeks, or 
may merely give rise to seeding in various organs. 
Seeding is common in the upper parts of the lungs, 
producing lesions which appear in x-rays as small, 
mdislinct areas of increased density. These fod 
tend to heal with fibrosis and calcification. Focal 
hematogenous lesions in other organs may regress 
and heal, or they may lie dormant for many years, 
and eventually cause progressive destructi\e le- 
sions. 

Reinfection Tuberculosis. Tuberculosis in the 
adult is regarded as usually being reinfeclious in 
character, i.e., infecUon in individuals whose im- 
munologic state and tissue response have been 
altered by previous contact with the tubercle bacU- 
lus. The basic manifestations of this altered re- 
sponse are, as indicated in the section on Immu- 
nity, an intense local inflammatory reaction, 
suppression of proliferation of the bacilli, and 
inhibition of their spread. These features are ob- 
sened in cases of reinfection tuberculosis in 
human beings just as they are in experimental ani- 
mals in the Koch phenomenon; in fact, adult 
reinfection pulmonary tuberculosis (phthisis) is in 
essence, as pointed out by Pinner, a Koch phe- 
nomenon in the lung. There is an intense local 
reaction of the tissues with a tendency to diro- 
nicity, marked fibrosis, excavation, and restriction 
in the Involvement of lymph nodes. 

Reinfection tuberculosis in the adult usually be- 
gins as a small caseopneumonic focus in the pos- 
terior portion of tlie upper lobe; less commonly, it 
may be present in the apical portion of a lower 
lobe. While the patient is still asymptomatic, this 
lesion can often be seen as a smaU area of density 
with indistinct borders in the infraclaviculor region 
between the first and third anterior ribs. This focus 
is commonly referred to as an early infiltrate. 

One of the unsolved problems of tuberculosis is 
the source of the tubercle bacilli which are re- 
sponsible for the early infiltrate. There are two pos- 
sibilities: One is inhdation of bacilli from without, 
giving rise to an entirely new infection in the upper 
portion of the lung — i e., the establishment of a 
true exogenous reinfection. The other possibility is 
local exacerbation, or transmission to the local site 
of bacilli which have lain dormant somewhere in 
tile body following subsidence of the primary in- 
fection; this is known as endogenous exacerbation. 
The relative frequency xvith which exogenous rein- 
fecdon and endogenous exacerbation are responsi- 
ble for the early infiltrate is not knoi\'n; both un- 
doubtedly occur. 

Adult tuberculosis as discussed in the preceding 
paragraphs is assumed to be largely reinfectious in 
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nature. It should be stated again, hovv’ever, that an 
increasing number of cases of adult tuberculosis arc 
instances of primary infection, and unequivocally 
exogenous in origin. 

Pulmonary tuberculosis in the adult usually, but 
not invariably, begins as an early infiltrate. In an 
occasional instance tuberculous pneumonia may 
follow the rupture of a caseous hilar I^miph node; 
diis is seen with increasing frequency in older 
individuals. Clinically suggestive evidence also in- 
dicates that pneumonic lesions may develop when 
a large inocidum of bacilli is carried suddenly to a 
portion of the lung from some endogenous focus. 
Contiguous spread from nodular foci at the e.x- 
Ireme pulmonary apex, a mode of development 
thought at one time to account for virtually all 
phthisis, unquestionably occurs in some cases. Fi- 
nally, hematogenous seeding may give rise to bi- 
lateral foci, usually in tlie upper parts of tlie lungs, 
which remain inteistitial and cause relatively few 
symptoms, or ulcerate through the bronchi and 
gradually produce bronchogenic phthisis. 

Once formed, the early infiltrate may regress and 
heal completely. This may occur In ambulator}’, 
asymptomatic iodividuals, but the value of bed rest 
in aiding this process is well established. All too 
often, the early infiltrate progresses to the charac- 
teristic chronic, destructive form of pulmonary tu- 
berculosis. Caseation is followed by liquefaction 
and cavitation. Intrabronchial aspiration gives rise 
to new parenchymal foci where the process is 
repeated. The presence of bacilliferous sputum also 
leads in a large percentage of cases to lesions of 
the bronchial and tracheal mucosa. Reparative 
processes supervene, with resorption and fibrosis, 
but the nature of the lesions, especially the cavi- 
ties which continually discharge infective material 
into the bronchial passages, tends to foster chro- 
nicity and gradual extension of tlie disease. 

As pulmonary tuberculosis progresses, increas- 
ingly large numbers of tubercle bacilh are expelled 
in die broncliopulmonar)’ secretions and are re- 
sponsible for lesions in the larjmx, the mouth, and 
the intestinal tract. The pathogenesis of otiicr 
forms of extrapulmonaiy’ tuberculosis may he staled 
briefly. Tuberculosis of the kidneys, cpidid>'mis, 
prostate, fallopian tubes, adrenals, bones, brain, 
cj’cs, lymph nodes, and other organs not in direct 
contact with the external environment is ly’mpho- 
hematogenous in origin. Seeding of these org.ins 
may occur during the active primaty stage of in- 
fection, causing progressive, destructive lesions at 
that lime, or after many years of lalcncj'. Hema- 
togenous dissemination ma)’ also occur during re- 
infection tuberculosis in adults. The internal org.ins 
vaiy' considerably in tlicir susceptibility to tubercu- 
lous infection. Some, such as those listed above, arc 
relatively frequently involved, while others, includ- 



1001 SEC. S DISEASES DUE TO BIOLOGIC AGENTS 

ing ihc p.nncre3S, tljyroid, ovary, spleen, Beart, ally do not occur in most instances until the dis- 
hver, and skeletal muscles, are rarely the site of ease is fairly far advanced. Tac/ij/cardia occurs 
progressive lesions. along wlUi the fever. Headache is noted in some 

individuals in the exening when the temperature is 
elevated but the symptom usually subsides by 
PULMONARY TUBERCULOSIS morning and is absent during the daytime. 

ifenslruathn is said to bo disturbed In tubercu- 
Manifestations lasts, but this statement is based upon the situa- 

Tlie onset of symptoms of pulmonary tubercu- tion occurring in far-advanced disease. In the early 
losjs is in m-my instances insidious. In the early stages the menses are usually normal and become 
stages, and at times when moderate progression irregular and scanty only as the disease progresses, 
has occurred, the patient is usually entirely asymp- Amenorrhea may occur in the later stages, particu- 
tornatic and may remain so for a considerable pe- larly when the condition becomes terminal. For 
riod. This caimot be emphasized too strongly; more reasons not entirely clear, hemoptysis seems to oc- 
and more early asymptomatic cases arc being dis- cur more frerjuendy during the menstrual period, 
covered as a result of routine films and x-ray sur- Since examination of the lungs in the early stages 
veys. is negative in most instances and the blood count 

The earliest symptoms are constitutional and and sedimentation rate may be entirely normal, the 

probably result chiefly from the absoqition of tu- importance of the chest x-ray in diagnosis cannot be 

berculoprotein into the circulation of the hyper- overemphasized. 

sensitive body. Fever is one of the commonest In many patients with pulmonary tuberculosis, 
manifestations of tuberculosis and usually begins the onset of sj-mptoms is relallvcli/ sudden. A 
as a slight elex'atlon of the temperature In the late characteristic story is that of a “bad cold,” or "in- 
aftemoon or evening. This elevation may occur fluenza," without awareness of any prior disability, 
daily, gradually attaining higher levels o\cr a pe- The “cold”-~especiafly the cough— persists, while 
riod of weeks or months, or it may subside alto- tlie constitutional manifestations may subside tern- 
gather and reappear intermittently as the patient poranly, giving the patient the feeling that he is 
passes through a scries of grippelike episodes. It is recovering. Some individuals may recall a slight 
characterisbc for fever to be relatively well toler- morning cough of some months’ duration, attnb- 
ated in patients with tuberculosis, even with a uted usually to irritation from smoking. Cough is 
temperature elevation to 102 or 103*F. Except for characteristically first noted in the morning, be- 
sensations of warmth and flushing, the patient is cause secretions formed in the lungs during the 
often quite comfortable and in some instances is night flow into the bronchi and trachea and stimu- 
even euphoric. late the cough reflex on arising. Once these pas- 

Fatigue and malaise are among the earliest sages arc cleared, tlie patient coughs infrequently 
symptoms noticed by the patient, They visually first or not nt all until the next morning, when another 
manifest themselves as excessive tirirdness at the miJd paroxysm occurs. As the disease progresses, 
end of the day and may lead the patient to restrict the secretions are formed in larger amounts, and 
his activities in the evening m order to get more the cough becomes more troublesome, occurring 
rest. In odier instances, particularly when the sub- lliroughout the day and night, 
ject refuses to modify liis routine, he may become Along with cough, tliere is expectoration of 
irritable and morose. Eventually, in far-advanced sputum. In early cases a few flecks of pus may 

disease, profound asthenia is often present. be seen in the mucus, and later the sputum be- 

Weight loss is usually noted somewhat later than comes predominantly purulent in character. As 
the above symptoms and may not be present for cavitation progresses, liquefied caseous material is 
many months unless the disease runs a malignant formed in increasing amounts, imtil 2 or 3 oz of 
course. Anorexia and indigestion are associated sputum is produced daily. In caseous pneumonic 
S)TOptoms and seem to vary with the severity of lesions with cavitation and liquefaction, the puru- 
the other manifestations. Anorexia may provide a lent matter is usually green or greenish yellow, 
clue from tlie standpoint of dillcrenli^ diagnosis; Later, as tlie clinical condition improves, the spu- 
tubcrculosis at this stage can be confused with turn is jellowish and more mucoid. Tuberculous 
diabetes and ttijTotoxicosis, and in both these con- mulum is not foul except in rare instances in which 
ditions loss of weight is characteristically associated the pulmonary lesions become secondarily infected 
with an increase ui appetite. with anaerobes. Layering does not usuaUy occur, a 

ChiUtj sensations may be noted as the toxemia feature which is at times helpful in differentiating 
progresses, particularly when the temperature rises tuberculosis from lung abscesses. Late in the course 
abruptly in the evening. Night sweats are consid- of the disease, secondary infection of tuberculous 
ered classic manifestations of tuberculosis but actu- cavitte does occasionally occur, and tlie patient 
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may become exhausted by his efforts to bring up 
300 or 400 ml of sputum daily. 

Hemoptysis is commonly associated with a)ugh 
and expectoration, and ordinarily consists of streak- 
ing of the sputum with small amoimts of blood. 
Occasionally, a gross hemoptysis may usher in the 
disease, the patient being unaware of any prexu- 
ous symptoms. Bleeding results usually from the 
ulceration of vessels in tuberculous cavities, and 
the natural tendency of the infectious process to 
cause vascular thrombosis is an important factor 
in preventing massive hemorrhages in the majority 
of patients with cavitary disease. Large hemoptyses 
usually occur without warning and frequently be- 
gin when the patient is asleep. Ordinarily, not more 
than 300 ml of blood is produced. Dark dots of 
blood are usually brought up for several days; if 
the cough mechanism is inadequate, there may be 
blockage of a main bronchus with collapse of one 
or more lobes. Bleeding may recur at frequent 
intervals, and transfusions may be needed. In an 
occasional instance the hemorrhage is massive and 
fatal; this usually occurs with old fibrotic disease, 
and the patient drowns xvithin a few minutes. One 
of the greatest hazards of hemoptysis is the dan- 
ger of spreading the infection throughout the 
lungs. Depending on the number of tubercle bacilli 
present in tlie bloody fluid, posthemoptysic spreads 
vary in extent from scattered, finely mottled infil- 
trations to massive tuberculous pneumonia. 

As pulmonary tuberculosis progresses, and espe- 
cially with cavitary disease, ^aerations or granu- 
lomatous infiltrations frequently appear in portions 
of the tracheobronchial tree draining affected lung 
tissue, with wheezing as a common symptom. En- 
dobronchial disease may alter the treatment, and 
therefore this symptom should be carefully sought 
for. Wheezing may also occur in the absence of 
demonstrable ulcerations or granulations and is 
then presumably caused by mucosal swelling or 
retained secretions. It should be noted that tuber- 
culous tracheobronchitis occasionally occurs in the 
absence of demonstrable parenchymal disease. 

Tuberculous Pneumonia. The clinical onset of 
tuberculosis occasionally may be an acute pneu- 
monic episode, especiaUy in Negroes, in children, 
and in elderly individuals both white and colored. 
The sudden aspiration of a dose of bacilli suflB- 
ciently large to cause a pneumonic lesion results 
•^ally from the abrupt emptying of a cavity, 
from a hemoptysis, or from the rupture of a case- 
ous node into a bronchus. Fever, chilly sensations. 
Cough, and chest pain are noted, and the condi- 
tion can easily be confused with primary atypical 
pneumonia. The temperature is usually not above 
102®F, though it may rise to 104 or lOoT, and the 
''bite blood count is in most instances not ele- 
vated above 15,000. Untreated, tuberculous pneu- 
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monia may run a malignant course, with death in 
1 to 3 months, or the process may gradually sub- 
side and become chronic. 

Pleurisy with Effusion. This condition is common 
among young adults, and its pathogenesis and sig- 
nificance need emphasis. The pleiua usually be- 
comes involved as a result of direct of lymphatic 
extension from an underlying parenchymal process, 
and the lesion in the lung often is not of sufficient 
size to be visible on the x-ray. Whether tlie pleura 
can also be infected directly by way of the blood 
stream is a matter of dispute. Animal experiments 
indicate that parenteral injections of tubercle ba- 
cilli rarely result in direct infection of serous ca\-i- 
ties. The not infrequent occurrence of bilateral 
effusions, on the other hand, is often cited as evi- 
dence that infection of the pleural surfaces ma}' 
result from direct hematogenous seeding. Chest 
pain and fever are the initial symptoms; the pain 
may be sharp and pleuritic in character, or it may 
begin as a dull ache or uncomfortable sensation 
In the lower chest. In the more aaite cases there is 
marked prostration with a high fever and a stormy 
course for 2 or 3 weeks. More commonly the 
temperature is only moderately elevated, and the 
patient does not feel particularly ill except for the 
pain in the chest. Clear yellow fluid is obtained by 
aspiration, and tubercle bacilli are recovered by 
culture or guinea pig inoculation in approximately 
50 per cent of the cases. Whether the organism is 
recovered or not, experience has shown that, with- 
out treatment, 30 to 50 per cent of the patients 
develop clinical and x-ray signs of active pulmo- 
nary tuberculosis within 5 years. These figures arc 
sufficiently high to warrant the assumption that all 
cases of “nonspecific” pleurisy with effusion arc 
caused by tuberculosis, and they should be treated 
accordingly. Details of management will be out- 
lined in a subsequent section. 

Physical and X~ratj Examination 

Tlie widespread use of the x-ray during the past 
25 years has demonstrated the marked limitations 
of physical examination in detecting and apprais- 
ing the lesions of pulmonaiy tuberculosis. As a re- 
sult, the tendency at present in many’ quarters is 
virtually to ipiorc the physical examination alto- 
gether; this is lamentable, for the physical signs 
contribute information which, when correlated 
with the x-ray findings, gives a more complete 
understanding of the nature and activity of the 
parenchymal disease. 

Early asymptomatic infiltrations are usually’ 
missed on routine physical examination, and indeed 
it is often surprising how extensive tlie x-ray infil- 
trations may become before definite physical ab- 
normalities are detected. Crepitant posttussic rales 
may be noted over a small area in minimal 
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although rales arc not of themselves conclusive 
evidence of activity. larger lesions, especially 
after Cavitation develops, dullness and moderately 
coarse rales arc usually elicited. IVith pneumonic 
lesions the classic signs of consolidation are noted, 
and as cavitation develops, coarse bubbling roles 
appear, especially at the base of the cavities where 
liquefied pus tends to accumulate. Even with large 
cavities demonstrable on the x>ray, however, the 
classic signs of tympany and amphoric breathing 
arc often absent because the soft, shaggr cavity 
walls and surrounding structures do not act as good 
resonators In old fibrocaseous lesions the walls are 
relatively thieh and rigid, and the classic signs of 
cavitation may be present. Tension cavities, asso* 
ciated with bronchial disease preventing normal 
egress of air during e.rpiration, also produce atypi- 
cal signs. With long-standing disease, extensive 
fibrosis causes contraction and distortion of the pul- 
monary tissue. In such instances, a wide variety 
of physical signs, such as bronchial breath sounds, 
coarse rales, deviation of the trachea, spasm and 
atrophy of various chest and neck muscles, and 
diminished movements of one hemlthonu^ are 
noted. 

From an x-ray standpoint, tlie early infiltrate is 
usu.illy observed in the infraclavicular re^on, al- 
though it may be located entirely above ^e dav- 
icio, or In the midlung field. As the infiltrations 
progress and enlarge, the x-ray appearance of pul- 
monary tuberculosis may be indistinguishable from 
various nontuberculous conditions. Tuberculous 
cavities, especially when located in the lower lung 
fields, closely simulate nontuberculous lung al^ 
sccsscs. Similarly, the tuberculous nature of bron- 
cliQpneumonic or lobar consolidations cannot be 
determined on the basis of the x-ray alone. The 
limitations of a single film In determining whether 
an infiltration is tuberculous, and of assessing its 
activity; ihauV to senuui oiagnustic anu’ tfieropeun'e 
errors. 

Aside from its diagnostic limitations, the x-ray 
film may at times give misleading impressions con- 
cerning the functional status of the lungs. For ex- 
ample, in patients who have had pleural effusions, 
or e.xlensive nodular bronchogenic disseminations 
following hemoptysis, tlic lung fields may even- 
tually become alrnost entirely clear by x-ray, al- 
though pulmonary function remains markedly im- 
paired Careful physical examination will reveal Uie 
presence of impaired function In such c.ises and 
w dl lead to more precise pulmonary function stud- 
ies rf surgery is contemplated. 

rubcrciil/n Test 

Tissue hypersensitivity to tuhcrculoprotcin re- 
ts from the production of tuberculous tissue in 

! body by intact whole tubercle bacilli, living. 


attenuated, or dead. A positive tuberculin test indk 
cates, therefore, that an individual has, or has had 
such a focus of tuberculous tissue in his body, 
does not indicate that he harbors a clinically sig^ 
nificant lesion, or tlial any of his present signs 
symptoms arc necessarily due to tuberculosis, ac^ 
tive or inactive. The chief value of the test lies in 
exclusion. If negative, it can be fairly reliably 
concluded that the patient docs not have active 
tuberculosis; virtually all individuals with activi^ 
tuberculosis have a positive tuberculin reaction 
Exceptions are sometimes noted during tlie courscj 
of intercurrent infections, especially measles and 
influenza, late in the course of pregnancy, and jj> 
some terminal cases of tuberculosis. Tlie tube^cu^ 
lin sldn reaction may turn negative after a period 
of years in individuals who have arrested and 
healed a primary tuberculous infection; the frcv 
quctitty with which this occurs is not known, but 
many well-documented instances are on record. 
The increasing incidence of negative tuberculiq 
reactions in young adults has enhanced the diag^ 
noslic value of the test in recent years. Only 20 to 
30 per cent of young men in the Armed Forcea 
during the Second World War were lubcrculiq 
positive; in this age group, the skin reaction U 
particularly helpful In ruling out tuberculosis Iq 
the presence of obscure fevers and undiagnosed 
pulmonary conditions. 

The most rch’ablc and accurate method of per^ 
forming the tuberenim test is the intracutancous, 
or Mantout, test, in which 0.1 ml of suitably dK 
luted tuberculin is injected intradermally into tha 
skin of the forearm. If positive, induration (5 mtn 
or more) appears at the local site in 24 to 72 hr 
and is surrounded by an area of inflammation vary^ 
ing from one to several centimeters. Intense local 
reactions occur if the dose of tubcrculoprotein is 
loo large, causing tissue necrosis and lymphangitis 
extending ^o CAe rcgibiiai’ noaes. AAsarpdbir m* 
berculoprotein into the circuJation of the higJily 
hjpersensitive body causes constitutional S)Tnp 
toms, chiefly malaise and fever, and may produce 
focal reactions around tuberculous lesions through- 
out the body. To avoid these untoward re.ictions, 
small doses of tuberculin should be used for the 
initial test, witli gradually increasing amounts 
thereafter at interv'als of 3 or 4 days until tlie test 
becomes positive. If old tuberculin (OT) is used, 
the initial dose is usually 0 01 mg (0.1 ml of a 
1:10,000 dilution); in individuals suspected of 
being unusually hypersensitive, the initial dose m.iy 
be reduced to 0 001 mg. If the reaction is negaUve, 
tenfold increments in the amount of OT arc em- 
ployed for subsequent tests. An individual is ordi- 
narily considered tuberculin neg.ative if he fails tiJ 
react to 1.0 mg, although some ohsen’ers prefer to 
increase the amount to 10 mg, Jn recent years the 
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purified protein derivative (P.P.D.) of Seibert has 
partially replaced OT because it gives more uniform 
results and minimizes false positive reactions. It is 
a%ailable commercially in two strengths, the first 
(0.00002 mg) being roughly equivalent to 0.01 
mg OT, and the second (0.003 mg) corresponding 
to 1.0 mg OT. Recent evidence indicates that the 
second strength sometimes gi\’es false positive re- 
actions, and the present trend is towards using 
a single, interme^ate strengtli concentration of 
P.P.D., namely, 0.001 mg. 

The tuberculin patch test is often used in chil- 
dren to avoid the use of needles. It is less reliable, 
however, and, if negative, should be followed by 
the intracutancous test if an accurate appraisal of 
the sUn reactivity is desired. 

Laboratorj Findings 

Recovery of Tubercle Bacillus. Aside from the 
x-ray, the most important laboratory procedures 
used in the diagnosis and management of patients 
with tuberculosis are those concerned with the iso- 
lation of tubercle bacilli from sputum, gastric wash- 
ings, urine, feces, spinal fluid, serous and purulent 
eCusions, abscesses, and draining sinuses. 

Sputum may be absent, or present in only small 
amounts early in the morning iv patients with mini- 
mal tuberculosis, and a fe\v flccla of mucopurulent 
material obtained at this time may be adequate to 
make the diagnosis. The material is usually exam- 
ined first by the direct smear. Tlie Ziehl-Neelscn 
method of staining is the most widely used, al- 
though a fluorescent dye, carbolauramine, has be- 
come popular in recent years. Fairly large numbers 
of tubercle bacilli must be present to be seen on 
the direct smear. Therefore, if this is negative, 20 
ml or more of sputum is collected, digested with 
acid or alkaU, concentrated by centrifugation, neu- 
tralized, and the sediment smeared, stained, and 
ecamined. With this technique a significantly 
higher percentage of specimens is pos^ti^'e than on 
direct smear. If negative on smear, the concen- 
trated sediment is cultured or inoculated into 
guinea pigs, or both. Twenty to thirty per cent 
more posithes are obtained by culture or guinea 
pig inoculation than by smear of the concentrated 
sediment. The relative merits of cultures and 
S'^inca pig inoculations are debated, but the re- 
sults with cultures are so fa\orable that in many 
laboratories the more laborious and expensive 
guinea pig metliod has been abandoned. 

If no sputum is produced, the gastric contents 
should be aspirated shortly aher the patient awak- 
ens in the morning. Smears of the gastric contents 
*miy give false positi\-e results; therefore, the ma- 
terial is digested, concentrated, and cultured or 
inoculated into guinea pigs. In minimal cases of 
pulmonary' tuberculosis, prior to Uie development 


citAP. 14G 1007 

of cavitation, discharges carried into the bronchial 
tree and swallowed by the patient are small in 
amount, and many cultures of the gastric contents 
may be necessary to recover tubercle bacilli. For 
example, in one study it was found that 65 per 
cent of minimal cases had at least 3 negative speci- 
mens before a positive wus obtained, and in anotlicr 
series of 61 patients, 5 to 14 negatives were 
reported prior to the first positive culture. Once 
cav'itab'on develops, the discharges incsease in 
amount, and bacilli can be recov'ered by cultures of 
the sputum or gastric contents witli comparative 
ease. A series of negative sputum or gastric cul- 
tures m the presence of cavitation provides strong 
presumptive evidence against the diagnosis of active 
pulmonary tuberculosis. 

The basic principles outlined for sputum and 
gastric contents apply to the recov’crj' of tubercle 
bacilli from other sources. Minor modifications arc 
neeessai)', especially in preparing and concentrat- 
ing urine and stool specimens. With spinal fluid, 
tubercle bacilli are often delected by smear or cul- 
ture of the pellicle which forms if the specimen is 
left in the icebox overnight. 

Sedimentation Rate. The sedimentation rale is 
normal In the majority of individuals with minim.al 
tuberculosis. In more advanced febrile cases the 
sedimentation rate usually is elevated and often is 
used as an index of the progression or regression of 
the disease. This use has definite limitations, how- 
ever, since the rate may be normal in patients on 
absolute bed test in spite of progressive intrabron- 
chial disseminations, and, conversely, a sudden in- 
crease in the rate may accompany the onset of a 
relatively insignificant complication such as mild 
pleurisy. 

Blood. Hematologic changes in tuberculosis are 
relatively shght. In minim.i] cases the blood count 
is usually normal, but as the disease progresses, 
tlicre may develop a mild normochromic normo- 
cytic anemia. Even in far-advanced cases the 
anemia usually is not marked except in the pres- 
ence of extrapulmonai}’ complications sucli as in- 
testinal tuberculosis or amyloidosis. A mild leuko- 
c>'losis may be present in progressive, febrile stages, 
with a count of 10,000 to 15,000, but even in acute 
tuberculous pneumonia tlie total wliitc count is 
rarely above 13,000. An increase in monocytes witli 
a decrease in JjTnpbocv'tcs is regarded by some ob- 
scnxirs as indicative of progression of tlie disease, 
and in cxpcnmental animals this appears to be well 
substantiated. In man, however, the IvTnphocvte- 
monocyte ratio and other prognostic guides, such as 
the Medlar index, are of limited value. Exceptions 
to some of the above statements should be noted; 
in widespread acvtc tubcrniloiis pneumonia, [or 
cx.imple, the total white count may occasionally bo 
wdl abov’c 20,000, with a poIjTnorphonuclcar r-ouru 
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of over 93 per cent. Similarly, in acute miliary tu- 
berculosis, there may occur a high-grade leukocy- 
tosis and at times e\en a JcuJ-emofd blood pictun> 
or there may be a marked leukopenia. 

Urine. Changes in the urine in pulmonary tu- 
berculosis, as in other chronic febrile diseases, con- 
sist chiefly of intermittent traces of albumin without 
other significant abnormabties. Renal tuberculosis 
is not uncommon, and frequent urine examinations 
should be made, noting especially persistent pro- 
teinuria and an abnormal number of erythrocytes 
and leukocj'tes. If these are present, pyelr^ams are 
indicated, and concentrated urine specimens should 
be cultured and inoculated into guinea pigs. Ex- 
cept in rare cases, an active renal lesion is present 
if tubercle hactlli are recovered repeatedly from the 
urine, and drug therapy is indicated. 

Other Tests. A number of serologic tests have 
been employed in tuberculosis, but none has been 
found to be of practical diagnostic or prognostic 
value. The complement fixation reaction, for ex- 
ample, is positive in less than 50 per cent of pa- 
tients with minimal lesions, and false positive re- 
actions are obtained in over 10 per cent of indl- 
xiduals with no evidence of active tuberculosis. 

Differential Diagnosis 

The onset and course of pulmonary tuberculosis 
vary widely and may simulate a great number of 
other diseases. The outstanding conditions w'ldch 
may be confused with tuberculosis, and the main 
differential features, will be considered briefly. 

Psjehoneufosis. Patients with purely functional 
disorders frequently present complaints similar to 
those of early pulmonary tuberculosis. Malaise, easy 
fatigability, and inability to concentrate are com- 
mon sjTOptoms, and there may be anorexia woth 
shgbt weight loss. A chronic hacking cough may be 
present, due to irritation of the respiratory passages 
from smoking. A careful evaluation of these com- 
plaints will usually give a clue to the correct diag- 
nosis. A chest x-ray is an essential part of the exam- 
ination of patienU with the symptoms desenbed 
above. 

Endocrine Disorders. Two endocrine dborders, 
hi/peri/iyroiclism and diabetes, are commonly mani- 
fested by weight loss and easy fatigability. In con- 
trast to tuberculosis, however, the weight loss is 
associated with an increased appetite rather than 
With anorexia Negative chest x-rays, in addition to 
gl)Cosuria and an abnormal glucose tolerance lest 
in diabetes, and an elevation of the basal metabolic 
rate in hyperthjToidism, lead to the correct drag. 

■OSIS. 

Obscure Ferers. Tuberculosis is always to be 
considered in the differential diagnosis of fes’eis 
. of unknown origin. With a negative chest x-ray, the ‘ 
'l^ftver may be caused by early mOiary tuberculosis. 


or by an extrapulmonary tuberculous focus, and 
localizing signs should be sought for (see p. C6). 

Pulmonary Fibrosis and Emphysema. Pulmo- 
nary fibrosis and emphysema with cough, weakness, 
dy'Spnea, and at times streaking of the sputum, are 
relatively common in older indhidvals. Tubercu- 
losis IS in some cases the cause, or is an associated 
condition, and therefore the sputum should be ex- 
amined carefully for tubercle bacilli. Pneumo- 
conioses, especially silicosis, should be kept in 
mind, and the patient questioned concerning pos- 
sible industrial e.xposure. Nodulation, more dense 
near the hilar regions and extending peripherally 
through both lung fields, is the characteristic x-ray 
appearance of silicosis. With the development of a 
superimposed tuberculous infection, larger con- 
fluent shadows appear, and the constitutional mani. 
festations of tuberculosis are usually present, al- 
though it may be very difficult to recover tubercle 
bacilli from the sputum. 

Nontuherculous Lung Abscess. This affection, 
which may be roentgenologically indistinguishable 
from tuberculosis, usually has an acute onset with 
chills, fever, and leukocytosis. The sputum may or 
may not be foul, depending on the organisms in- 
volved. The differential diagnosis is usually rela- 
tively simple, since acid-fast bacilli are almost al- 
ways readily demonstrable in patfents with tubercu- 
lous cavities. Clubbing of the fingers may develop 
in 4 to 8 weeks in the presence of a nontuherculous 
abscess. Nontuherculous abscesses may become 
chronic and, when seen at this stage, especially in 
conjunction with hemoptysis, may be very sug- 
gestive of tuberculosis. Sputum studies, plus a care- 
ful review of tlie original signs and symptoms, usu- 
ally Will clarify the situation (see p. 1554). 

Bronchiectasis. Bronchiectasis is usually associ- 
ated with a chronic productive cough and is one 
of the commonest causes of hemoptysis. Clubbing 
of the fingers is common, while in tuberculosis it 
is rare. Bronchiectasis usually involves the lower 
portions of one or both lungs ’but is sometinies 
situated at the apex. The x-ray may he completely 
ne^tive, or there may be increased linear densities 
extending outward and downward from the hilar 
rc^ons. Moderately coarse rales usually are noted 
over the involved areas. The failure to find acid- 
fast bacilli in the sputum and the demonstration of 
radiographic abnormality by bronchogram confirm 
the diagnosis. Not infrequently, tuberculosis and 
bronchiectasis arc found to coexist. 

Primary At>pical Pneumonia. This presents a 
ciuiical and x-ray picture which may be indistin- 
guishable from pidmonary tuberculosis. The ab- 
sence of cavitation, the failure to find tubercle ba- 
cilU in repeated e-xaminations of the sputum, and 
the eventual complete clearing of the parenchymal 
lesions arc the important differential features. 
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Mycotic Diseases. Coccidioidomycosis presents a 
clinical and x-ray picture similar to pulmonary tu- 
berculosis. This condition is of national importance 
because of the large number of individuals who 
were in the endemic areas of tlie Southwest dur- 
ing the Second World War. A history of possible 
exposure, the coccidioidin skin test, smears and 
cultures of the sputum for Coccidioldcs immitis, 
and precipitin and complement fixation tests of the 
patient's scrum are the procedures used in con- 
firming or excluding the diagnosis. Histoplasmosis 
recently has been suspected of causing pulmonary 
calcifications similar to those occurring in tubercu- 
losis, because of the obsen’ation that many indi- 
viduals in the South Central states \vith pulmonary 
calcifications have positive histoplasmin skin tests 
and negative tuberculin reactions. Other mycotic 
infections, such as octinomi/cos/s and blastomycosis, 
may at times simulate tuberculosis, but the fungi 
invohed usually can be readily recovered from the 
sputum. 

Sarcoidosis. Typically, the patient with sarcoido- 
sis is afebrile and has a negative tuberculin test, and 
biopsy of I)’mph nodes reveals tubercles without 
caseation. Fever may be present, however, and in 
about 20 per cent of cases the tuberculin test is 
positive. Pulmonary infiltrations vary from hilar 
adenopathy to extensive parench)'mal involvement 
which can resemble tuberculosis very closely. In 
some cases difiercnb'ation is extremely difficult, and 
the situation is further complicated by the fact that 
some patients with a diagnosis of sarcoidosis eventu- 
ally die of tuberculosis. 

Carcinoma of Lung. Carcinoma of the lung, with 
chronic cough, blood-streaked sputum, fever, and 
Weight loss, may present a clinical picture very simi- 
lar to tuberculosis in older mdi''idua]s. Carcinomas 
located peripherally produce fewer symptoms but 
may present an x-ray appearance indistinguishable 
from that of tuberculosis. Patients with lesions sus- 
pected of being carcinomatous, from whom tubercle 
bacilli cannot be recovered, should be subjected to 
early thoracotomy. It should be noted that both 
tuberculosis and carcinoma are occasionally present 
in the same patient. 

Cardiovascular Disorders. These may produce 
symptoms suggestive of tuberculosu. Hemoptysis 
occurs frequently wth mitral stenosis and is cxxxi- 
sionally observed with hypertension. Long-standing 
pulmonary congestion, such as occurs in patients 
''"ith mitral stenosis, causes pulmonary fibrosis; in- 
fected pulmonary infarcts may develop into ab- 
scesses suggestive of tuberculous cavitation. 

Other Conditions. Mediastinal cysts, bacterial 
Pneumonia, lipoid granuloma, lymphomas, ame- 
biasis, aortic aneurysms, and metastatic neoplasms 
may ^ confused %vith tuberculosis. Careful evalua- 
tion and study, including the exclusion of tubercu- 
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losis by the failure to find tubercle bacilli, usually 
xvill lead to the correct diagnosis. 

Evaluation of Need for Treatment 

In patients with progressive symptomatic pul- 
monary tuberculosis the clinical and x-ray findings 
are usually characterisb'c, and the diagnosis and 
need for treatment are estabh'shed readily. In some 
situations, however, the diagnosis and degree of 
actiwty and, therefore, the need for treatment are 
more difficult to ascertain. At the outset it may be 
stated that old calcified primary complexes, nodu- 
lar fibrotic areas at the extreme apices, and ad- 
hesions and scarring due to old pleurisy are not 
indications for treatment. Individuals with these 
lesions should have yearly x-ray examinations, since 
dormant foci can give rise to active disease during 
periods of lowered resistance. 

Minimal infracla^icular infiltrations, often de- 
tected as a result of x-ray surveys, require careful 
evaluation, x\hich in most instances should be 
carried out with the patient at bed rest. This is 
particularly true of individuals under ^vent>'-five 
years of age. Hazy, poorly circumscribed shadows 
indicate e.xudaU\’e, unstable lesions, while dense, 
sharply circumscribed infiltrations usually represent 
old arrested disease which is tinlikely to progress 
Serial x-rays are the best means of follo^ving a 
lesion and determining its activity. These should 
be made at least once a month, and sometimes 
more frequently in young adults with exudative 
lesions. Gastric washings should be cultured re- 
peatedly. Careful cHnical observations and serial 
roentgenograms over a period of at least 6 months 
are usually adequate to determine the activity of 
the lesion. Chemotherapy may be instituted at the 
outset if clinical and x-ray findings indicate that 
the lesion is almost certainly active. 

Treatment 

The advent of effective chemotherapeutic agents 
has brought about great changes in the treatment 
of tuberculosis during the past two decades. It is 
now generally agreed that all patients with active 
tuberculosis should receive prolonged chemotherapy 
and that bed rest is necessary for only the first part 
of the treatment period. Collapse therapy is used 
infrequently, so that initial treatment for most 
patients consists of rest and the administration of 
antimicrobial drugs. If, after several months, the 
sputum remains positive or if there are open 
cavities or large residual necrotic foci, surgical 
excision of the involved areas may be performed. 
The basic principles of therapy can thus be stated 
very simply, but much is still being learned about 
optimal indications for, and details of, bed rest, 
chemotherapy, and surgical management of the 
disease. 
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Bed rest was once considered the most important 
single measure in the Uierapy of tuberculosis. The 
course of the disease is so changed by diemother- 
apy, hosvxjver, that the formerly strict regunens 
Iiave been greatly modified. Fc%cr and toticily 
are stdl definite iirdications for bed rest. WTicn the 
temperature has returned to normal, sufficient rest 
to avoid fatigue is all that is necessary. It has even 
been shown tliat, with adequate drug therapy, 
moderate physical exertion is not harmful Some au- 
thonlies still maintain a much more conservative 
attitude, insisting on complete bed rest except for 
bathroom privileges as long as the sputurn is posi- 
tive and chest x-rays show continuing changes. A 
middle ground is now the usual practice. 

Under ideal circumstances treatment at home 
is feasible, but therapy should usually be instituted 
m a sanatorium or in an isohitioti unit of a general 
hospital, and the patient should remain there for at 
least a few months. The chief advantages of hospi- 
talization are tliat a careful program of daily ac- 
tivibes can be earned out In a neutral environment 
under expert supervision and the patient $ progress 
can be followed closely with both clinical and 
laboratory observations. Other advantages are that 
the patient is removed from the communit)* during 
the infectious period and opportunities for educa- 
tion, orientation, and rehabilitation arc provided. 

Climate was at one time considered an important 
part of the treatment of pulmonary tuberculosis, but 
it is now thought to exert an insignificant influence 
on the course of the disease Aside front the ele- 
ments comprising a good, well-balanced diet, no 
vitamins or other substances are knovm which 
specifically promote healing. The total caloric in- 
take should be designed to enable the patient to 
regam and mamtain his ideal weight. 

Chemotlicrapeutic Agents. Factors a^ecting re- 
sistance, which have been described above, arc 
nlXesv Vsy coiAwA 

lous infection. The remarkable effectiveness of 
drugs in decreasing the number of tubercle bacilli 
so tips the balance m favor of the host, however, 
that many patients arc now sah'aged who would 
previously have succumbed to the disease. 

Three drugs are now in widespread use m the 
treatment of tuberculosis: streptomycin, para- 
ammos.i!ic>hc acid (PAS), and isoniazid. Other 
agents which may be used when these drugs are 
poorly tolerated, or when bacterial resistance has 
developed, are viomyciii, axytetracyebne, cyclo- 
serine. and pyrazinamide. Viomjem is somewhat 
less effective than streptomycin and is quite toxic. 
It has proved to be a valuable agent, however, 
when isoniazid and streptomycin arc poorly toler- 
ated or ineffective. Oxytetracyclinc exerts a weak 

n but can be used in doses of 2 to 4 Gm daily 
y as an alternative to PAS. F^’mzinamide 

~) 


and cycloserine arc quite effective but are also toxic, 
t^'closerine to tlie central nervous system and 
nyTazinamidc to the liver. The principal drugs will 
be cxjnsidcred separately’, and then the comhinatfonS 
used in therapy will be described. 

Either streptomycin or its hydrogenated deriva- 
tive dihydrostreptomycin may be employed; thf 
latter is seldom used now because of its greater 
tendency to cause deafness. Streptomycin was at 
first given alone and was effective for only 2 of 
3 months because of the appearance of drug- 
resistant tubercle bacilli. It was then learned that 
the emergence of resistant organisms could \n- 
markedly dobyed by the concomitant administra' 
tion of PAS. As a result, the duration of effectivi? 
drug therapy has been greatly lengthened. Fof 
most patients with pulmonary tuberculosis, whcrl 
str^tomy’ein is combined with PAS, 1 Cm twici? 
weekly has been found to be as effective as the? 
(bily administration of the same dose. For mort 
serious forms of the disease, such as miliary tubercu' 
losis and tuberculous meningitis, streptomycin is 
given every day at least for tlie first 2 or 3 months 

Para-aminosalicj’hc acid, commonly referred to 
as PAS, is a rebtively weak luberculost.vtic agent 
when used alone but is very effective in delaying 
the emergence of streptomycin-resistant and isoni<' 
azid-rcsistant tubercle bacilli. The optimal regimen 
is unknown, but the usual procedure is to admin'' 
istcr 12 Cm d.iily by mouth In three or four doses 
Gastrointestinal irrit.ntion is common, causing ano^ 
rexia, nause.i, vomiting, and abdominal pain. The 
sodium salt causes fewer reactions than the free 
acid and is the form of the drug most commonly 
used. To administer 12 Gm of the free acid, 165 
Gm of the sodium salt must be prescribed. A 
Jyophiiizcd preparation of tlie sodium salt is avail- 
able for parenteral administration, and as much as 
30 Gm a day can be given intravenously vvitliout 
•s.wtoxrwa tmvi ■nuiisea. Stiivjus *iuat 
tlons are rare. Dermatitis and drug fever are en- 
countered Occasionally and can usually be con- 
trolled by desensitizing the patient with increasing 
doses of the drug. Para-aminosalicylic acid is 
sometimes goitrogenic, but thyTOid enlargement 
from tills cause can usually be prevented or amelio- 
rated by the administration of desiccated thyroid. 
This is rarely necessary. The emergence of drug- 
resistant organisms has been observed when PAS 
IS given alone but is less common when it is ad- 
mimsTcred with streptomy’cin. 

Isoniazid, a derivativ'c of nicotinic acid, is more 
effective tlian either streplomy cin or PAS and is the 
mainstay of drug therapy. In contrast to strepto- 
mycin, it penetrates mononuclear phagocy’tes and 
isacUve ag.ifnst intraceJIubr as well as cxtraeehuJ.ir 
tubercle bacilli. Like streptomycin, isoni.izid is 
bactericidal only against actively multiplying hi- 
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bercle bacilli. Under these conditions, Koch-Weser 
has sho«Ti that isoniazid is irreversibly bound to the 
organisms, which after several daj’s become non- 
acid-fast and lose their ability to produce tuberculin 
hj-persensilivity. ^^'ith metabolically inactive organ- 
isms such as occur in poorly exj-genated lesions or 
after previous therapy, isoniazid is taVen up rewrs- 
ibly and does not interfere with acid-fastness or 
sensitizing ability. These obscr\-ations undoubtedly 
explain in part x%hy tuhcicle bacilli are not often 
eradicated from tuberculous lesions in patients. 
During therapy, drug-resistant organisms emerge 
quite rapidly, and it is customary therefore to ad- 
minister another antimicrobial agent simultaneously. 
W’lth isoniazid, however, the appearance of resist- 
ant mutants is not so clc.arly related to a failure 
to show continued improvement as it is with 
streptomycin. This may be related to hfiddle- 
brook’s obser\’ation that some isoniazid-resistant 
tubercle bacilli do not form catalase and ba\'C little 
or no \irulenee when injected into guinea pigs. 
Failure of these organisms to grow in tissues may 
be due to susceptibility to Uio toxic effects of 
hydrogen peroxide. Calahasc-positive, isoniazid-re- 
sistant mutants which are fully Wrulenl also occur 
and probably account for progression of the disease 
uhich is obscrx'cd after isoniazid resistance has 
developed. 

Isoniazid is usually given orally in a total daily 
dose of 8 to 10 mg per kg body weight. For adults, 
the arbitrary selection of a daily dose of 300 to 
400 mg, given in divided doses at 8- or 12-hr inter- 
x-als, is satisfactory. Some patients (about 40 per 
cent) acetylate the drug at an unusu.illy rapid 
rale, but controlled studies hax-e failed to demon- 
strate that high doses of isoniazid (800 to 1,200 
mg daily) produce significantly belter therapeutic 
results in these "rapid inacln'ators.” Higher doses 
are, however, used routinely in some clinics When 
high doses are employed, 50 to 100 mg pjTidoxine 
should also be given daily to prevent peripheral 
neuritis (see p. 2873). 

Drug Regimens. With fe%v exceptions, bvo and 
Sometimes three drugs should be administered 
simultaneously in the treatment of all forms of 
tuberculosis. The exceptions apply to isoniazid, 
which is adequate when used alone for the treat- 
ment of tuberculin converters, minimal pulmonary 
tuberculosis, and tuberculous pleurisy with effu- 
sion. Isoniazid is also used alone in many patients 
for a year or two, or indefinitely, following an 
initial period of multiple-drug therapy. 

Of the regimens available, it has been dcfinitdy 
shmwi that those containing isoniazid produce 
superior results. Thus, the combination of strepto- 
mycin and PAS, which was so widely used for a 
few years, is now employed for initial therapy only 
Under unusual circumstances. Isoniazid-PAS is most 
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widely used for the initial treatment of pulmonary 
tuberculosis at the present time. The results arc 
comparable, or nearly so, to those obtained with 
any other combination, and both drugs are taken 
by mouth Another important advantage is that 
streptomycin is held in reserx-e for use later in 
conjunction with surgerj' if it is needed. In some 
patients, serum concentrations of isoniazid are 
slightly elevated by the concomitant administra- 
tion of PAS. This is probably not due to competi- 
tion for the same acetylation mechanisms, as was 
at first thought. 

Results with isoniazid-streptomycin are perhaps 
slightly superior in far-adv’anced cases to those 
obt.'iincd w’ith isoniazid-PAS, particularly when 
streptomycin is injected daily rather than txvice a 
week. The chief disadvantage, namely, that the 
txx'o most potent drugs arc likely to become inef- 
fective because of the development of resistant 
organisms, is not of great importance since the 
relapse rale is only about 5 per cent. Furthermore, 
the combination of viom)cm-PAS is available if 
needed for surgical coverage In older individuals, 
who are more susceptible to the toxic effects of 
streptomycin, some experts prefer to avoid this 
drug and to select isoniazid-PAS instead. It is 
apparent from what h.is been said that both isoni- 
azid-PAS and isoniazid-streptomycin have their ad- 
vantages, and It IS desirable to select the combina- 
tion most suitable for each mdivodual patient The 
use of three drugs simultaneously (isoniazid, strep- 
torn) cm, and PAS) has not been found superior 
for the treatment of pulmonary tuberculosis. For 
certain extrapulmonary forms of the disease to bo 
considered later, triple-drug regimens are commonly 
used. 

Steroid Therapy. Because of their tendency to 
reactivate the disease, adrenal corticosteroids were 
at first thought to be contraindicated in patients 
with tuberculosis. It was then learned that, with 
effective chemotherapy, steroids were not harmful 
and indeed might have a beneficial effect. Con- 
troUed studies have shown that, in pulmonary 
tuberculosis, steroids cause more rapid x-ray clear- 
ing and decrease in fever and toxicity but tlial 
there is little or no superiority when comparisons 
are made after 8 to 12 months. In patients with 
miliary tubercidosis and tuberculous meningitis, 
however, steroids often cause a marked defer- 
vescence of fever and toxicity and should be ad- 
ministered for 2 to 4 weeks in patients seriously 
ill w4tl» these forms of the disease. 

Duration of Chemotherapy. The optimal duration 
of therapy cannot be stated with finality. Tlie most 
important trend to be noted is a gradual lengthen- 
ing from 2 to 3 months in the years prior to J0J3 
to regimens vvhidi call for at least 1 to 2,.ycars of 
drug therapy. Combined therapy, which"' 
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atcd %\iUi a maiVed delay in development of 
bacterial resistance, has been chiefly responsible 
for the change. It is probaby safe to follow tfic 
policj' of continuing drug tlicrapy for a least 6 
months after clinical and laboratory observations 
indicate that the disease has become inaclhe. The 
minimal period should not be less than 12 months, 
and 2 )ears seems a reasonable maximum. There are 
many patients, however, with extensive disease not 
amenable to surgical therapy, to x%hom it may be 
wise to administer antimicrobial therapy indef- 
initely. 

Collapse Tlicrap)'. This is another area in which 
older concepts have undergone radical changes. 
At one time statistical studies of pulmonary tu- 
berculosis invariably showerl a worse prognosis 
in patients with open cavities than in those with- 
out cavitary disease. Large cavities closed occa- 
sionally on bed rest alone, but usually they did 
not, and it was primarily in this type of case that 
artificial collapse therapy had its greatest useful- 
ness. Now, however, coUapse therapy is indicated 
m only a small percentage of patients vvilh pul- 
monary tuberculosis, even when cavities are pres- 
ent The various forms of collapse therapy will be 
reviewed briefly and the indications for each will 
be presented. 

rnewmopcfi/oneum. Although used widely until 
very recently, even this form of collapse therapy 
has been virtually abandoned in most cllitics. Ad- 
ministration of air into the peritoneal cavity is 
simple from a technical standpoint, and complica- 
tions are rare. Pneumoperitoneum can be main- 
tained for a long period of time and yet can be 
abandoned at any time. The chief indication is 
extensive exudative disease with bilateral cavita- 
tion In such cases pneumoperitoneum may nfd in 
improving the patient's condition to the point 
where resection of residual cavities and nccrolic 
foci is feasible, fn patients unable to withstand 
surgery, refills may be continued indefinitely. 

xirdficial Pneumothorax. Designed originally for 
predominantly unilateral disease with cavitation, 
this form of therapy produced brilliant results in 
carefully selected cases. Because of the high inci- 
dence of pleural complications, how’ever, it fa 
rarclj' used today. 

Phrenemphraxis. Temporary paralysis of the dia- 
phragm is effected by crushing the phrenic nerve. 
Tlic diaphragm remains clcv^ited and immobile for 
0 or 8 months and then gradually resumes its nor- 
mal function. Tile main disadvantages of phrenem- 
phraxfs are gastrointestinal disturbances, especially 
when it is performed on the left side, fnUure of 
the nerve to regenerate in about 10 per cent of 
cases, and reduction in respiratory reserve. This 
rc is rarely used at present. 


Thoracoplasty. Until recently, tlie classic indica- 
tion for tlioracoplasty w’as chronic fibroid disease 
at or near the apex of one lung, with a cavity 
which could not be closed effectively or safely bv 
other means. Now, however, surgie.il excision fa 
performed in the great majority of patients who 
formerly would have undergone thoracoplasty. 
Primary thoracoplasty is now reserved chiefly for 
patients with an apical cavity in whom resection 
IS not possible and in whom other measures have 
failed. 

Bcsection. Surgical resection has become an im- 
portant part of management of selected cases 
of pulmonary tuberculosis. The principal indications 
for resection have been the persistence of open 
cavities and large residual necrotic foci, with or 
without positive sputum, following several months 
of rest and chemotherapy. These indications arc 
gradually being modified. For example, many pa- 
tients with large cavities and negative cultures do 
as well with prolonged chemotlierapy as when 
cavities are removed, and the avoidance of surgery 
is obviously of advantage when the risks of reset- 
tion are great because of poor pulmonary function. 
In addition to open cavities, solid areas with a 
diameter greater than 4 cm ore often resected. 
This problem will be considered in neater detail 
below in relation to viability of the tubercle bacilli 

Following prolonged chemotherapy, it Is rcla. 
tively simple to remove small wedges of lung 
tissue, and often several can be resected at one 
time. Little functioning pulmonary tissue is sacri. 
fiecd, and these subsegmental resections can be 
performed on both lungs. With more extensive 
involvement, segmenlol resection, lobectomy, Or 
pneumonectomy are indicated. Except when lobecs 
tomy or pneumonectomy is necessary, the mortality 
rate from surgery should be well under 1 per cent. 

Bronchopleural fistula and empyema are the 
most serious problems following resection. TTiese 
can be minimized by deferring surgery until endo- 
bronchial disease is well controlled. Postoperative 
spread of the disease, formerly a major hazard, now 
occurs in less than 2 per cent of resections. If a 
large amount of lung tissue, such as a whole lobe, 
is removed, overdistention of the remaining lung 
tissue may be prevented by performing a thoraco- 
plasty. The need for thoracoplasty following lobec. 
tomy', or even pneumonectomy, fa open to serious 
question, however, and it fa now customary to 
perform the procedure only if signs of overdisten. 
tiou appear during the first month or two after 
tlfo resection. 

Viability of Tubercle Bacilli in Resected Lesions. 
^\'hcn rcsidu.il necrotic foci are removed following 
prolonged cliemotlierapy, they often contain large 
numbers of tubercle bacilli which appear normal 
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on smear but do not grow on culture media and 
do not cause disease in guinea pigs. This phenome- 
non was also observed prior to the introduction of 
chemotherapy and is invariably associated with 
closed lesioris. Since the organisms appear normal 
and healthy, the possibility has been raised that 
they are actually viable but have been so altered 
by the chemical composib’on of the closed necroUc 
lesion that they are incapable of multiplying when 
subjected to the usual tests. Hobby has shown that 
growth can often be obtained after many months 
of incubation in special culture media. The rieed 
for resecting necrotic foci remains unsettled, how- 
ever, since the danger from these metabolically 
inactive organisms probably decreases with the 
passage of time. Controlled studies have not shown 
a hi^er incidence of relapse in patients with 
closed lesiotvs who receive prolonged chemotherapy 
svithout surgery. Some audiorities continue to ad- 
vocate the resection of the larger residual necrotic 
foci (over 3 or 4 cm in diameter); others do not. 

Correlation of Rest, Chemotherapy, and Resec- 
tion. The manner in which various forms of therapy 
are correlated, especially from the standpoint of 
time relationships, can be considered briefly. The 
statements which are made are somewhat tentative, 
but svill serve to illustrate the principles employed 
and will emphasize the shorter period of hospitaliza- 
tion which is necessary. 

Following 3 to 0 months of rest and chemother- 
apy, the average patient with moderately ad- 
vanced pulmonary tuberculosis will h.ave attained 
maximal improvement from an x-ray standpoint, and 
cultures of sputum and gastric washings will be 
negative for tubercle bacilli At this point tomo- 
grams are made, and if the residual lesions are 
insignificant in size and extent, ambulation is 
incieased. This is a gradual process, requiring at 
least 3 months before the patient is up for the 
whole day. Another 3 months is allowed before 
he returns to work. Most patients of this type are 
discharged from the hospital 6 to 8 months after 
admission, and continue drug therapy on an out- 
patient basis for at least another 6 to 12 months. 

If tomograms reveal the presence of cavities or 
other significant lesions, the diseased lung tissue 
may be resected. In the type of case under con- 
sideration, surgery is ordinarily performed between 

to 8 months after admission to the hospital. If 
the postoperative course is uneventful, ambulation 
is begun 2 to 4 weeks later, and the subsequent 
course is as outlined above. 

This example illustrates the usual procedure in 
the average, uncomplicated case. Patients svith 
minimal lesions probably require less therapy, and 
m patients with far advanced bilateral disease the 
situation is often much more complex and time- 


CHAP. 146 1013 

consuming. In such cases the sputum often remains 
positive, and new drugs are added before surgery 
is performed. On the average, ho^vever, the period 
of hospitalization is much shorter than it formerly 
was. For example, in many tuberculosis hospitals 
the average hospital stay is only 8 months, as op- 
posed to 20 months formerly. Providing facilities 
for administering chemotherapy on an outpatient 
basis is an important feature of the program. 

Treatment of Special Conditions. The general 
principles underlying the treatment of pulmonary 
tuberculosis have been described above, but the 
management of certain features deserves special 
consideration. 

Hemoptysis- Pulmonary hemorrhages are not in- 
frequent in patients with pulmonary tuberculosis, 
and represent a dangerous and alarming compli- 
cation. Fortunately, dosure of the ulcerated blood 
vessel occurs promptly in most instances. Allaj'ing 
fears of the patient concerning a possible fatal 
termination of the episode is an important part of 
the management of hemoptysis. The paUent is 
instructed to lie on the affected side, to prevent 
material laden svith bacilli from flowing into other 
parts of the lungs and spreading the disease. If the 
side from which the blood is coming is not known 
to the ph)^ician from previous e.vamination and 
x-rays, the patient often can sense it from a pe- 
culiar feeling in one side of the chest Although he 
lies mostly on the affected side, for a few minutes 
every hour, the patient should roll onto the other 
side, so that bloody discharges may drain into the 
trachea and be removed by gentle coughing. The 
time-honored warning against injudicious use of 
opiates is sound, but small doses of codeine may be 
a valuable aid in preventing spread of the disease 
by converting a severe intractable cough into one 
that is mfld but effective. The patient usually 
brings up dark clots of blood over a period of 
several days as the episode subsides. In some in- 
stances the bleeding continues or recurs, and in 
such cases it may be necessary to institute arti- 
ficial pneumothorax, which allows the bleeding ves- 
sel to contract and usually terminates the hemor- 
rhage. If possible, pneumothorax should be avoided, 
since collapsing the lung during tlie acute episode 
impairs drainage of the retained secretions and 
the danger of pleural complications is great. If 
artificial pneumothorax is unsuccessful, phrenem- 
phraxis or pneumoperitoneum is occasionally insti- 
tuted in an attempt to stop the bleeding. If bleed- 
ing persists, transfusions should be given. Many 
drugs, such as calcium gluconate, atropine, ascorbic 
acid, vitamin K, and nitroglycerin, have been 
thought to he effective in isolated cases of Iiemop- 
ty^s, but their general use cannot be recommended. 
Fresh exudative lesions which follow hemoptysis 
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respond extremely well to chemotherapy. la many 
instances, of course, the exudative “spread” is 
mostly blood, which would disappear on rest alone 
within a few weeks. 

Spon/c/)roi« Pneumothorax and Bronchoplevral 
Pistula. Spontaneous pneumothorax is a relatively 
common occurrence in young adults. It usually be- 
gins suddenly with a sharp pain in the anterior 
chest and in the majorit)' of instances is due to the 
rupture of a subpleural buUa. Tlie bulla may be 
secondary to fibrosis caused by tuberculosis or other 
infections, or it may be congenital. The availaWe 
evidence indicates that only a small percentage of 
spontaneous pneumothoraxes are tuberculous in 
origin, and therefore bed rest is not prescribed 
unless a parenchj'mal focus is demonstrated or 
tubercle bacilli are recovered (see p. 1565). 

\Vhcn tuberculous in origin, spontaneous pneu- 
mothorax results from the ulceration of a sub- 
pleural caseous focus, or the rupture of a tuber- 
culous cavity directly into the pleural space. If 
possible, the lung should he ree.xpanded at once, 
using catheter drainage with controlled suction, 
for this is a much more serious situation than is 
the rupture of a bulla. In this instance the fistula 
carries large numbers of tubercle bacilli into the 
pleural cavity, causing infection, fluid formation, 
and the development of empyema. This may be a 
simple tuberculous empyema, or other organisms, 
such as streptococci and staphylococci, may pass 
through the fistulous opening to form a mixed 
infection empyema. An open bfonchopIeur.il fistula 
rvith empyema is a dangerous situation, the em- 
pyema fluid may drain slowly through the fistula 
into the bronchi and lungs, causing widespread 
dissemination of the disease, or if (he fistula sud- 
denly enlarges, several hundred milliliters of pus 
may flood into the bronchial tree, c.-«usjng the pa- 
to JreNJW Av S'Ntj ^ewixvsf. .4 potsnf 
bronchopleural fistula should be suspected when 
the patient coughs up material similar to pus as- 
pirated from the chest and may be proved by in- 
jecting methylene blue into the empyema cavity 
and subsequently observing the dye in the sputum. 
Once diagnosed, a bronchopleural fistula is an indi- 
cation for surgical drainage oecause of the dangers 
mentioned above and because of the failure of 
muxcd-mfection empyemas to respond to aspiration 
and irrigations. 

Tuberculous Empyema. Tliis condib'on is con- 
sidered separately’, for its management diScrs some- 
what from that of bronchopleural fistula with msxcd- 
infccticm empyema. Pure tuberculous empyema may 
appear spontaneously, or as a complication of arti- 
ficial pneumothora.x or surgical resection. There 
•« " r/'ofUncy to regard all effusions as cmpy'cmas 
e baciUi can be recovered. This is mis- 


leading, for with clear effusions the prognosis is 
much more favorable than in true empyemas, in 
which the fluid is thick, purulent, and swarming 
with bacilli. Wltli chemotherapy, aspiration and 
irrigation, and instillation of streptokinase and 
streptodomase, considerable improvement may oc- 
cur, but the empyema is usually not obliterated. 
The procedure of choice at the present lime is to 
excise the entire empyema cavity, proceeding et- 
Irapleurally as much as possible. Diseased luntr 
bssuc is resected at the same time. To obliterate 
the space and prevent a recurrence of the empy- 
ema, a thoracoplasty is usually performed. An un- 
roofing procedure of the Sehede type, vriiich is 
dangerous and deforming, is rarely necessary. 

Fibrinous and Serofibrinous Pleurisi/- Pleural in- 
volvement occurs in most cases of pulmonary 
tuberculosis. One indication of this is the high 
incidence of pleural adhesions in patients receivirif* 
artificial pneumothorax. The adhesions result from 
localized areas of fibrinous pleurisy overlying pg. 
ripherally located parenchymal foci, and the ajj. 
position of the two pleural surfaces aids in localizir. 
lion of the process. With fibrinous pleurisy, symp. 
toms may be absent, or there may be sharp, pleuritic 
pain, and a friction rub may W detectable. The 
course of fibrinous pleurisy is usually mild, and, 
except for local palliative measures, attention should 
be directed at the underlying parenchymal disease 

Five to ten per cent of patients with pulmonary 
tuberculosis develop serofibrinous pleurisy, which 
is discussed on p. 1005. Care must be taken h 
exclude other causes of serous effusions, such as 
pneumonia; a careful analysis of clinical signs and 
symptoms prior to the onset of the effusion is usu- 
ally adequate to make this differential. 

Fluid is aspirated initially for diagnosis. After 
removal of most of the effusion, 100 ml of air may 
be JWjWtod .veto ibe jwleiVA* Allpwicgf 

remainder of the fluid to fall to the base so that 
the pulmonary parenchyma can be visualized dearly 
on the x-ray. Opinion is divided as to whether 
repealed aspirations should be performed if the 
fluid persists and increases in amount after th^ 
first lap. The author feels that fluid should be re- 
moved repeatedly to present incarceration of th% 
lung. The fluid usually does not reappear after 
several thoracenteses have been perfomed, and 
there is a minimal degree of methastinal shift and 
pleural thickening. It is generally agreed that 
artificial pneumothorax is contraindicated, because 
tlie presence of air impedes healing and the lung 
often does not reexpand after being collapsed fot 
a prolonged period in the presence of fluid. 

In addition to aspirations, the treatment is that 
prescribed for nn active case of minimal tuberculo-. 
sis, namely, rest and chcmotlierapy. Isoniazid alone 
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is probably adequate in such cases, but most 
authorities prefer to administer PAS in addition. 

EXTRAPULhlONARY TUBERCULOSIS 

Lar>Tigca! and Tracheobronchial Tuberculosis. 
Tuberculous larjmgitis usually occurs in patients 
\rith advanced pulmonary tuberculosis, the infec- 
tion resulting from tlic continual passage of bacil- 
liferous sputum over the vocal cords and accessory 
structures, which are irritated by the chronic cough. 
Rarely, lar}Tigeal lesions are seen in patients witli 
little or no active pulmonary tuberculosis, and the 
infection then is presumably hematogenous or 
Ij-mphogenous in origin. Hoarseness and a dry sen- 
sation in the throat arc the common symptoms; 
the diagnosis can be confirmed by direct or indirect 
larj-ngoscopy, and a biopsy. The posterior part of 
the birymx and vocal cords are first invoh'cd, and 
latei Vheie are deep, extensive •ulcerations the 
lar)-ngeal cartilages, including the epiglottis. With 
the latter there is severe pain on ssvallow’ing, which 
interferes with eating. Heretofore, treatment con- 
sisted of complete voice rest, cauterization of granu- 
lations or deep ulcerations, anesthetic spnays to 
relieve pain, and antibiotics to reduce secondaiy 
infection. With chemotherapy, however, the condi- 
tion usually responds so w'cll that most of the pallia- 
the measures mentioned above are unneccssar)'. 
Pain subsides within a few days, and the ulcers 
heal within a few Nveehs. 

Chemotherapy exerts a similarly favorable in- 
fluence in tuberculous tracheobronchitis. Tracheo- 
bronchial lesions consist of ulcerations or of granu- 
lomatous infiltrations which lend to occlude tlie 
bronchial lumen as they undergo fibrosis and heal- 
ing. Stenosing bronchial lesions are to be suspected 
in the presence of wheezing, especially when this 
is localized over one lung or o^’er a single lobe. 
Episodes of pneumonitis occur distal to the stenosis 
owing to impairment of the normal drainage of 
secretions, and broncliicetasis may appear in the 
affected lobe. Bronchoscopy aids in determining 
the nature and extent of tracheobronchial dis- 
ease, and in assessing tlie efficacy of antimicrobial 
therapy. Old fibrotic cicatricial stenoses are not 
benefited by chemotherapy, and resection is usually 
necessary. 

Generalized Miliary Tuberculosis. Resulting from 
the sudden entry of large numbers of tubercle 
bacilli into the blood stream, miliary tuberculosis 
is characterized by seeding throughout the tksues 
of small foci of roughly the same age and size. The 
source of the bacilli is probably, in most instances, 
a caseous hilar or mediastinal lymph node whidi 
erodes into a blood or lympli vessel. Caseous foci 
in other organs, such as the kidneys, bones, ad- 
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renals, and prostate, may also give rise to massive 
blood stream in\’asion. Tubercle bacilli are carried 
to every part of the body, but some organs, such 
as the pancreas, thjTroid, skeletal muscles, brain, 
and stomach, sho%v little or no involvement. 

Miliary tuberculosis occurs most frequently dur- 
ing the period when the primary complex is active; 
the peak is during early childhood. The condition 
is not rare, however, in adults. The onset may be 
sudden, with high fever, aching, chilliness, and 
prostration, or it may be gradual, with an initial 
period of general malaise and weakness. Cough is 
not a striking feature and, if present, is usually mild 
and nonproductive. The diagnosis often remains 
obscure until characteristic miliary lesions appear 
on the roentgenogram, which may not be until 
several w-eeks following the onset of symptoms. In 
general, when there is an acute onset with high 
fever and marked prostration, the lesions are exuda- 
tive, while in patients -with a 111016 insidious onset 
and low fever, a productive reaction is predominant 
The white blood count may vary from agranulocy- 
tosis to marked leukocytosis, or there may even 
be a Icukcmoid reaction. Other conditions which 
may present a clinical and x-ray picture similar to 
that of miliary tuberculosis are presented elsewhere 
(see p. 1509). Because the lesions are interstitial, 
the recovery of tubercle bacilL is often delayed for 
many weeks. Tubercle bacilli can often be cul- 
tured from the bone marrow and, sometimes, the 
blood. 

Heretofore, mibary tuberculosis has been a highly 
fatal condition, with death characteristically oc- 
curring 6 to 10 weeks following the onset. This 
situation has been altered dramatically by chemo- 
llierapy. Fever and toveznia usually subside svithin 
a few days, and within a few weeks the pulmonary 
lesions begin to show regression. In the early days 
of streptomycin therapy, when treatment was con- 
tinued for only 2 or 3 months, over half the cases 
relapsed and died. With prolonged, combined 
chemotherapy, recovery occurs in more than 85 
per cent of cases, and relapses are rare. This is 
one of tlie forms of tuberculosis in which all three 
of the antimicrobial agents — isoniazid, streptomy- 
cin, and PAS — arc administered simultaneously. 
One gram of streptomycin is injected every day for 
the Erst 4 months, then twice w'eeUy. The daily 
dosages of isoniazid and PAS are 0.3 to 0.6 Gm 
and 12 0 Gm, respectively. Treatment is continued 
for 2 years. 

Tuberculous meningitis often occurs during tlic 
course of mdiaiy tuberculosis, even when the pa- 
tient is receiving streptomycin therapy. Since the 
addition of isoniazid to the chemotherapeutic regi- 
men, liowei'er, this complication has rarely been 
observed. It is, therefore, less important to perform 
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frequent lumbar punctures in patients wlh miliaiy 
tuberculosis than it was a few years ago. 

Subacute aud Chronic Hematosenous Tubercu- 
losis. Instead of a single, massive invasion of the 
blood stream, smaller numbers of tubercle bacilli 
m.ay escape intermittently into the circulation, and 
give rise to a variety of clinical manifestations. 
Among the more common manifestations are low- 
grade fever, local or generalized IjTnphadenopathy, 
effusions into the pleural and peritoneal cavities, 
splenomegaly, and destructive lesions of the bones, 
kidnejs, skin, and eyes. 

The protean manifestations and bizarre clinical 
picture caused by subacute and chronic forms 
of hematogenous tuberculosis provide diagnostic 
puzzles which often can be solved only by ci^tures 
of secretions or discharges, or by biopsy of the 
affected tissues. It should be home in mind that 
hematogenous foci may remain latent in various 
organs for many years. 

Tuberculous Meningitis. As in miliary tuberculo- 
sis, tuberculous meningitis is more common during 
early childhood than at any other age period. The 
percentage of adults infected with the tubercle 
bacillus who die of tuberculous mcnin^lis Is rela- 
tively small The evidence of Rich indicates that 
the meninges are infected by direct extension from 
an adjacent focus. In miliary tuberculosis, Rich 
showed that meningitis results not from the direct 
escape of large numbers of bacilli into the meninges 
from the blood stream but from miliaty meningeal 
tubercles which gradiwlly enlarge to produce direct 
extension, or that it arises from older, dormant foci 
vv'hich became reactivated and extend into die 
meningeal spaces. Pathologically, the reaction con- 
sists of tubercles, edema and congestion, and a 
fibrinous exudate, most marked over the base of 
the brain. Various cranial nerves are commonly 
affected 

Tuberculous meningitis may appear in Individ- 
uals who previously were apparently entirely wdl. 
The symptoms of miliary tuberculosis usually pre- 
cede those of tuberculous meningitis by several 
weeks, when the two occur together. The early 
symptoms of tuberculous meningitis are headache, 
restlessness, and irritability, and, on examination, 
t^piical signs of meningeal irritation are usually 
elicited. The spinal fluid pressure is elevated, and 
there is an increase in protein and cells, most of 
which are mononuclear. The chlorides and sugar 
are depressed, moderately in some cases, marked/ 
in others. On standing, a pellicle usually forms. 
Smears of tlie centrifuged sediment, or pellide, 
may reveal tubercle baciUi, but in the majority of 
cases they do not. Repeated cultures and guinea 
pig inoculations usually are necessary to recover 
is.itive organism. 


Until streptomycin became available, there was 
no urgency about establishing the diagnosis of 
tuberculous meningitis; treatment was purely sup- 
portive and the ovlcome almost always fatal. Noiv, 
howe'er, treatment must be started in many cases 
before the organisms are recovered. Early differ- 
entiation between tuberculous meningitis and 
meningitis due to other agents, chiefly fungi and 
viruses, is at times impossible; in such cases chemO- 
therap)' should be administered if tuberculosis 
seems the probable cause on the basis of a positive 
tuberculin test, marked depression of the spinal 
fluid sugar and chloride, and the general clinical 
picture. 

The treatment of tuberculous meningitis is identi- 
cal with that outhned above for miliary tuberculiJ* 
sis, except that streptomycin should probably be 
given in daily doses of 2 Gm, rather than 1 Grfl, 
for the first 4 months. Intrathecal administration 
of streptomycin has been largely abandoned, greatly 
simplifying therapy. Intrathecal administration i>f 
tubercubn has given dramatic results in some cas^s 
but cannot be recommended until the benefits and 
dangers are more clearly defined. Corticostcroicls 
produce a dramatic decrease in fever and toxicityi 
and may diminish the formation of exudate about 
the base of the brain. Their use is probably indf* 
cated in most if not all cases; these hormones can 
usually he discontinued by the end of the fir^t 
month. 

With the availability of isoniazid, the cure rate 
is in the neighborhood of 80 to 00 per cent in 
many clinics, and poor results occur mostly in 
patients who are treated late in the course of th*! 
oisease. Many patients make a complete cliniefll 
recovery, without mental Impairment or neurologic 
defects. 

Tuberculosis of Lymph Nodes. Tuberculosis c>f 
hilar and mediastinal nodes, vvliich is the commonest 
form of tuberculous lymphadenitis, has its incep- 
tion during the primary infection, when tubercle 
bacilli escape freely from the initial pulmonary 
lesion Children with a primary infection may have 
massive lymph node involvement wth few constitU* 
Uonal manifestations. The sjTnptoms in such cas^s 
are due chiefly to pressure on surrounding strut* 
hires and consist of wheezing, dyspnea, and back* 
ing cough. In addition, compression of a bronchi^ 
may cause collapse of one or more lobes, with 
pneumonitis caused by other bacteria distal to ths 
site of narrowing. Except when there is perforabo*’ 
into a bronchus or when dealli results from pro- 
gressive tuberculosis, the involved nodes show a 
marked tendency to heal and become calcified- 
Even xvith apparent healing, however, viable tU* 
bercle bacilli may remain in the nodes for long 
periods. Aside from rest and chemotherapy, x-ra/ 
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and tuberculin therapy are sometimes recommended 
but are oE questionable value and arc potentially 
dangerous because exccssi\’e doses may aggravate 
tissue necrosis. Chemotherapy \v^s at first unim- 
pressive, probably because of poor penetration of 
streptomycin into the large caseous nodes. Iso- 
niazid is effective, however, not only in promoting 
healing of the mediastinal nodes but in preventing 
spread to other organs. Isoniazid is often used 
alone in mOder cases in children, but with extensive 
involvement streptomycin or PAS should be added. 
Calcified nodes occasionally perforate into a bron- 
chus many years after the primary complex ap- 
parently has become arrested. This condition, 
known as hronchohthiasis, is characterized by pneu- 
monitis, hemoptysis, and expectoration of small bits 
of calcified material. 

Ceruicof adenitis, or scrofula, has become rela- 
tively uncommon in the United States in the past 
50 years as a result of the elimination of tuberculous 
cattle and the widespread pasteurization of mflk. 
Direct infection by tubercle bacilli through the 
tissues of the phaiyTix or tonsils has been virtually 
eliminated, but ccr^cal adenitis of lymphohematog- 
enous origin is still observed in both adults and 
children. The swellmg usually begins insidiously 
and may involve one or many nodes. The lymph 
nodes tend to be matted, but this is not a reliable 
diagnostic feature. The skin often perforates at one 
or more sites, permitting the drainage of thick, 
greenish yellow pus. The treatment of tuberculous 
cervical adenitis consists of rest and chemotherapy, 
with surgical removal of the residual nodes after 
several months if they are still enlarged. Results 
with isoniazid and PAS, or with isoniazid alone, 
have been so good that surgery visually is unncces- 
saiy. 

Gastrointestinal Tuberculosis. Tuberculous ulcers 
occur occasionally on the tongue, lip, pharyiuc, and 
tonsils. The diagnosis is made by curetting or ex- 
cising a small portion of the involved tissue and 
preparing microscopic sections. These lesions re- 
spond very well to chemotherapy. 

Tuberemosis of the esophagus and stomach is 
rare. The intestine, however, especially the lower 
ileum and cecum, is frequently involved in patients 
with adv’anced pulmonary tuberculosis as a result 
of swallowing bacilli. The symptoms of ileocecal 
tuberculosis are variable, consisting chiefly of inter- 
mittent indigestion, colicky pain, constipation, and 
diarrhea. The appearance of any unusual gastro- 
intestinal complaints should arouse suspicion, espe- 
cially in patients with far advanced p^monary in- 
volvement A moderate anemia is common, and 
should direct attention to the intestinal tract when- 
ever present in patients with pulmonary tuberculo- 
sis. X-ray studies of the ileocecal region provide 
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xmluable confirmatory evidence of spasticity and 
hypennotility. The treatment is directed at both the 
pulmonary lesions and the ulcers in the bou’el. For 
the latter a low-residue, bland diet diminishes 
irritation of the bowel wall, and opium derivatives 
or bismuth compounds are given to relieve the pain 
and diarrhea. Chemotherapy vv’hich is prescribed 
for the pulmonary disease usually brings about 
healing of the intestinal lesions. In some cases an 
excessive amount of irritation is caused by PAS, 
and it is wise in most instances, therefore, to ad- 
minister streptomycin and isoniazid. 

Tuberculous Peritonitis. This condition results 
from extension of local lesions in the intestine, 
lymph nodes, or genital tract, or it may be caused 
by hematogenous spread from other parts of the 
body. Serofibrinous peritonitis usually has an in- 
sidious onset, with mild constitutional symptoms 
and vague intestinal complaints. As with sero- 
fibrinous pleurisy, however, the onset may in some 
cases be acute, with high fever, severe abdominal 
pain, and marked prostration. Fluid often appears, 
especially in the more toxic cases, and may require 
repeated aspirations to relieve distention and dis- 
comfort. Treatment consists of rest and chemo- 
therapy, using the same regimens as for pulmonary 
tuberculosis. As healing occurs, thick adhesions may 
form, matting the intestines and omentum together, 
interfering with normal peristalsis, and causing 
stenosis of various portions of the bowel. Unless 
the adhesive process is localized and surgically re- 
sectable, as it sometimes is in the region of the 
cecum, the treatment is symptomatic and paUiative. 
Fortunately this complication is uncommon. 

Tuberculosis of the Kidney. In most instances this 
occurs by hematogenous dissemination from foci 
in the Jungs or lymph nodes; occasionally infection 
may come from the gemtal tract. Small foci may 
remain latent in the kidneys for long periods before 
causing destructive lesions, many patients with 
renal tuberculosis show no evidence of active pul- 
monary disease. As the ulcerative lesions in the kid- 
ney eidarge, tubercle bacilli escape into tiie urinary 
tract and often infect the ureters and bladder. 
Dysuria and hematuria are the main symptoms, but 
cases of renal tuberculosis are not infrequently 
diagnosed before symptoms appear. Blood and pus 
are found in the urine, and tubercle bacilli are re- 
covered from the centrifuged sediment by culture 
or guinea pig inoculation. Intravenous and retro- 
grade pyelograms often show characteristic renal 
idceratioas; retrograde studies are particularly help- 
ful in determining whether the im’olvement is 
bdateral. Lattimer has shown that chemotherap)’ 
of renal tuberculosis is so effective that surgery is 
now rarely necessary. Triple-drug therapy (isonia- 
zid, streptomycin, and PAS) was used in his studies 
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and was continued for 1 to 2 years. It is now fell 
that damaged kidney tissue should be removed only 
if there is a relapse after prolonged drug therapy. 

Genital Tuberculosis. Genital tuberculosis is aU 
most invariably hematogenous in origin, and in 
the male involves the prostate, seminal vesidcs, 
epididymides, and occasionally Uie testes. Infection 
of the genital tract may, in occasional instances, 
be secondary to renal tuberculosis. Clinie.illy, in- 
volvement of the epididymis is diagnosed roost fre- 
quently, altliougli p.ilbologic cicaminations reve.*!! 
a higher incidence of tuberculosis of the prostate 
and seminal vesidcs Tuberculous cpWidymitfs 
often begins insidiously, svith a gradual de\’dop- 
ment of nodular infiltrations which are moderately 
tender. The onset is sometimes acute, ivith sudden 
swelling, redness, and marked tenderness of the 
epididymis and surrounding structures. Rest and 
chemotherapy are indicated, and the epididymis 
and seminal vesicles arc removed only If there are 
large residual masses of inflammatory tissue. 

Genital tuberculosis in the female invohes the 
fallopian tubes more frequently than the other 
organs, and the lesions are more often unlhtcral 
than bilateral. Less commonly, the ovaries and 
uterus may bo the site of destructive lesions, the 
cervix, vacma, and labia are rarely affected. Vague, 
irreguJ.ar louver abdominal p.tirt may be the only 
symptom of tuberculous salpingitis, and an adnexal 
mass may bo found on pelvic examination If the 
uterus is involved, tubercle bacilli may be present 
m the vaginal discharge, or tuberculous tissue may 
be removed by curettage. The menses may be 
normal, but in advanced cases arc usually scanty 
or absent. Tuberculous salpingitis is potentially 
dangerous, because it may cause diffuse peritonitis. 
Agam, the trend is toward prolonged chemotherapy, 
with surgery only if there are large residual masses. 

Pericarditis. The pericardium can become in- 
fected in tuberculosis by discharge of the contents 
of a caseous mediastinal lymph node into ibis ^acc, 
by hematogenous dissemination (involvement of 
serous surfaces by this means is relatively rare), 
or by direct extension from nearby pleuropulmonary 
lesions The inflammatory process in the peri- 
cardium varies from a serofibrinous reaction con- 
tainmg relatively few bacilli (presumably a response 
to sudden discharge of tuberculoprotcin onto a 
sensitized serous surface similar to th.at in pleurisy 
with effusion) to extensive Jibrocascous lesions con- 
taining myriads of acid-fast organisms, 

Tlie clinical picture produced by tuberculous in- 
fection of the pericardium is extremely variable. 
The sudden onset of substemal pain and fever with 
iccompanying signs such as a to-and-fro friction 
ub. Ewart’s sign, etc. (see p. 1467), in a patient 
mown to have had tuberculosis makes the diagno- 
iis relatively easy. However, the disease may be 


entirely asymptomatic, attention being drawn to it 
by the finding of enlargement of the cardiac shadow 
in a routine x-ray of the chest. Again, because of 
cpicardia! and myocardial involvement, or tam- 
ponade, patients may be thought to have congestive 
heart failure of many etiologies. Low-grade fever, 
x'aguc complaints of discomfort in the chest, and 
mjd weight loss may be the only complaints. The 
finding of pericardial adhesions in many tubercu- 
lous patients at autopsy suggests that many in- 
stances of minima] pericardial tuberculosis may 
spontaneously subside and become inactive. \Vhile 
occasional patients may accumulate large amounts 
of fluid in the pericardium, sometimes bloody, 
and require repeated aspirations to avoid serious 
circulatory difficulties, this is not usu.d. In such 
cases, tlicre is often simultaneous involvement of 
one or both pleural spaces, leading to confusion 
with such diseases as systemic lupus erythematosus, 
pyogenic infections, and "benign idiopathic" pcH- 
carditis. Occasional patients with tuberculosis of the 
pericardium run an intermittent course, experienc- 
ing several bouts of pain and fever, with friction 
rubs, rcaccumulation of fluid, etc. 

Tuberculosis of tlic pericardium is the commonest 
cause of constrictive pericarditis. Tbc fibrosis and 
calcification that aceomp.iny the healing process m 
this infection can lead to encasement of the heart 
In an unyielding tunic of dense scar with serious 
effects upon the circulation (see p. 1471). 

Diagnosis by demonstration of tubercle bacilli in 
smears or cultures of aspirated fluid is often diffi- 
cult. and in cases of doubtful etiology pcricardU) 
biopsy IS becoming an increasingly feasible and 
useful procedure. The institution of chemotherapy 
of the type recommended for pulmonary’ tuberculo- 
sis before operation makes spread of infection un- 
likely. It is not uncommon to find a surprising 
amount of pericardial scar when operation for 
biopsy is carried out, and in such Instances many 
fed that pericardieclomy can and should be done. 
The final place of early surgical treatment in tuber- 
culous pcricardiTis remains to be determined. It is 
dear, however, Uiat in some cases where infection 
is arrested or eradicated by chemotherapy, suffi- 
cient mechanical difficulty can remain to warrant 
excision of the thickened membrane. The duraUcif? 
of drug treatment should be at least a year, and 
indications for rest, proper diet, etc., differ in no 
way from those in other forms of tuberculosis. 

Skeletal Tuberculosis. Bone and joint tuberculo- 
sis is usually hematogenous in origin and is most 
likely to occur in young children. In adults the 
incidence is higher in males, and it is more frequent 
in Negroes than in whites. With joint involvement, 
diagnosis depends on study of a^irated fluid or 
pus and on surgical biopsy. Destructive bone 
changes visible on roentgenograms often occur late 
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In over half the cases there is active pulmonary 
tuberculosis, and a presumptive diagnosis can often 
be made on this basis. 

Chemotherapy, if started early, often results in 
a complete return of function of the involved joints. 
With marked bone destruction, surgical immobiliza- 
tion (arthrodesis) is usually necessary, but this is 
carried out only after a period of drug therapy. 
Triple-drug regimens similar to those used for 
genitourinary tuberculosis should be employed. De- 
tails of orthopedic procedures are beyond the scope 
of this presentation. Close cooperation between the 
internist and orthopedist is obviously desirable. 

PROGNOSIS 

The outlook for the great majority of patients 
with tuberculosis has been vastly improved by the 
availability of effective chemotherapeutic agents 
and advances in surgical management. The case 
fatality rate is falling rapidly, and there has been a 
marked decrease in the number of domiciliary cases. 
Further advances in therapy can be expected, and 
it is probable that it will eventually be possible to 
arrest the disease permanently in most patients. 

One deterrent to this optimistic outlook is the 
fact that socioeconomic factors are becoming in- 
creasingly important. Most patients with tubercu- 
losis are among the lower-income groups and are 
individuals who have adjusted themselves poorly 
to the stresses and strains of modem society. The 
aid of social service workers, occupational thera- 
pists, and psychiatrists is therefore of the greatest 
importance in the ovcr-alJ plan of rehabilitation. 

PREVENTION AND ERADICATION 
OF TUBERCtJLOSIS 

The remarkable decline in the mortality rate 
from tuberculosis during the first two decades of 
the twentieth century led a number of careful 
students of the problem to predict the virtual eradi- 
cation of the disease by 1950 or earlier. The fallacy 
in the prediction lay in the assumption that the 
number of individuals harboring active Iraions 
would fall to the point that the disease would cease 
to propagate itself. This has not occurred; as 
pointed out in the section on Prev'alence and Inci- 
dence, the decline in the mortality rate is probably 
due chiefly to improved living conditions and other 
factors which tend to increase resistance, but the 
incidence of infection of the population as a whole 
remains relatively high. This means that a large 
number of individuals w’ith active disease are not 
liospitalized and remain at large to infect the gen- 
eral populace. Evidence indicating tlie occurrence 
of such "carriers” is provided by the fact that no 
apparent source of contact can be foxuid for most 
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adults with pulmonary tuberculosis. Autopsy studies 
further indicate that undiagnosed cases of active 
tuberculosis are common in older persons, especially 
men. 

Preventive measures in addition to the irnprove- 
ment in living conditions which have contributed 
greatly to the advances accompanying the anti- 
tuberculosis campaign are earlier diagnosis and 
treatment, isolation of active cases, better hospital 
facilities, programs for the rehabilitation of patients 
with arrested disease to prevent relapse, examina- 
tion of close contacts of tuberculous patients, large- 
scale x-ray surveys, elimination of tuberculous 
cattle, and pasteurization of milk. Much has been 
accomplished, but in almost every one of the above 
categories present efforts and results fall far short 
of what is desired. 

In i960 the Report of the Arden House Con- 
ference on Tuberculosis was published. A group of 
national leaders in public health and tuberculosis 
control concluded that the time was ripe to push 
for the elimination of tuberculosis in the United 
States. It was agreed that the principal weapon is 
modem drug treatment, and 11 recommendations 
were made concerning the establishment of inter- 
mediate goals and performance standards that will 
lead to eventual eradication The impetus resulting 
from this conference has unquestionably accelerated 
the pace and efficiency of tuberculosis control pro 
grams. 

BCG (bacillus Calmette-Cu^rin), an attenuated 
bovine tubercle bacillus, has been used widely 
abroad for vaccination against tuberculosis. Con- 
troUed studies of its efficacy are difficult to conduct, 
but the eiqjeriments which have been made seem 
to provide some evidence of its value. Tiotcctioa is 
by no means complete, but a sufficient degree of 
acquired resistance is conferred to w’arrant con- 
sideration of its use among tuberculin negative 
groups in which exposure to tuberculosis is espe- 
cially likely to occur. Examples are tuberculin 
negative nurses, medical students, and individuals 
living under poor economic conditions in over- 
crowded urban areas. In many medical and nursing 
schools, the incidence of tuberculosis is so low that 
the use of BCG has been abandoned In the opinion 
of the author, the use of BCG is rarely if ever indi- 
cated in the United States at present. 
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LEPROSY 
(Hansen’s Disease) 

Gtistacc ]. Dfimmin 

Definition. Leprosy is a specific infectious disease 
man caused by the Mijcohactcrium le}7rae. It Is 
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I, usually characterized by a long incub.ation period, 
f. a long course with exacerbations and remissions, 
!- and involvement primarily of the skin and mucous 
•» membranes and/or the peripheral nerx'ous ^stem. 

The major forms of tlie disease are the polar forms, 
*• the lepromatous and the tuberculoid; Jn addition, 
y there are dimorphous and indeterminate forms. 

Ilfstory. WJiether leprosy as it is understood to- 
^ day was described in the ancient records has been 
; questioned (Lendmm). In Europe, leprosy ap- 
peared first in Greece in the fourth century b.c., 
probably having been introduced from the East. 
^ It spread northward and ux’stward and liad af- 
g fected most of Europe by the end of the tenth 

0 century A D. Leprosy was prevalent in Europe unbl 
the fourteenth century and then began slowly to 
decline. 

; As leprosy was declining in Europe, it xvas be- 
r. Ing spread to the Western Hemisphere by the slave 
traders and the discoverers from Portugal and 
s Spain. In the United States, leprosy appeared first 
■. in Louisiana in 175S, presumably spread from the 
West Indies. Additional foci were established from 

* other sources: in Minnesota from Norxvay, m Cali- 
fornia and Hasvati from China and India. 

® There are about 2 million cases of leprosy regis- 
” tcred throughout the world, but many authonlies 
„ place the actual number of affected individuals at 
, 10 or 12 million. 

' Etiology. Mycohaclcrium leprae, described by 
J Hansen in 1874, is accepted as the causal agent of 
human leprosy even though the organism has not 
been cultivated on artificial media or in tissue 
IT culture and the disease has not been transmitted 
artificially to man or to lower anim-als. Despite 
- encouraging preliminary results obtained by inocu- 

1 lation of Uie cars and testes of hamsters (Binforcl) 
and the footpad of the wliilc mouse (Shepard), 

s repeated passage has not been achieved. Obviously, 
f the evaluation of chemotherapeutic agents for the 

• disease would be greatly facilitated by the develop- 
^ meat of a model disease in animals 

’• Afycobaclcrium leprae is a pleomorphic, acid- 
’• fast, non-spore-forming, gram-positiv c baallus. 

Lepra bacilli differ from tubercle bacilli in that 
I’ they (1) are found in tremendous numbers in 
■ lesions (lepromatous) in the form of packets, pali- 
sades, and globular masses (globi) both intra- and 
extraccUularly; (2) decolorize more readily, (3) 
may be stained with the stronger bacterial slams; 
(4) cannot be cultivated and do not produce dis- 
ease in animals following inoculation. 

Epidemiology and Pathogenesis. Tlic enact mode 
of transmission is not known. A history of pro- 
longed direct contact usually beginning in child- 
hood is common. Leprosy may not manifest itself 
a dmically until 1 to 5 years after the period of cn- 
s posure, and appears most often during tho third 
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decade of life. Resistance to leprosy appears to 
increase with age. 

Leprosy is not transmitted to the offspring, and 
it is well Jmown that infants bom of leprous parents, 
if removed and reared in an environment permit- 
ting no contact, do not develop the disease. Those 
not separated are likely to develop leprosy in early 
life; even when separated at six months of age, 
50 per cent of the children had clinical manifesta- 
tions by the age of five years. 

Of interest are cases recognized as accidental- 
inoculation leprosy. One report concerns two 
marines who “were tattooed successively by the 
same man in Melbourne, Australia, on the same day 
in June, 1943. Both developed maculoanesthetic 
}eprosy in the tattoos about 2^ years later" (Porrftt 
and Olsen). 

Lepra bacilli leave the body by many routes. In 
lepromatous leprosy they may escape in the secre- 
tions and excretions and through any interruption 
in the involved sldn and mucous membranes. The 
route by which they enter a new host is not knoAvn, 
but it is believed that infection occurs by way 
of the skin andi mucous membranes following direct 
contact. 

Once in the body, the bacilli are probably spread 
by way of the lymphatics and blood stream and by 
autoinoculation. Localization occurs primarily in the 
skin and/or nerves, and in advanced cases of lep- 
romatous leprosy, bacilli are found in many of the 
viscera. Bacille^a occurs more commonly in the 
lepromatous type. 

Pathology. The lesions of leprosy have been clas- 
sified according to their microscopic appearance 
into four principal types: (1) lepromatous, (2) 
tuberculoid, (3) dimorphous, and (4) indeter- 
minale. 

In the lepromatous type, bacilli are numerous, 
there is relatively little cellular response and cutane- 
ous nodules, papules, macules, and diffuse infiltra- 
tions are distributed symmetrically in large num- 
bers. A distinctive feature is the “lepra cell,” a 
large macrophage containing many bacilli and fat 
droplets. In large accumulations the bacilli form 
globi and rosettes. 

The tuberculoid lesions are observed in cutaneous 
leprids and the affected nerves. The leprids are 
often macules and are usually as)'mmelric in distri- 
bution. Bacilli are few or absent, and epithelioid 
cells, giant cells, IjTnphocjies, and plasma cells are 
present, often in the form of tubercles. 

The dimorphous lesion, which is un«)mmon and 
presumably represents a transient state, has micro- 
scopic features of both the lepromatous and tu- 
berculoid forms. 

The indetermljuite type of lesion contains few ba- 
cilli and shows a slight cellular reaction which is 
limited to the perivascular and perineural areas. 
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The gross lesions in the sldn and nerves are not 
characteristic or advanced enough to permit classi- 
fication with the two principal clinical types. 

Clinical Classification. A combined clinicopalho- 
logic classification is recommended, since it makes 
more direct clinical, immunologic, bactcriologic, 
and epidemiologic correlations possible. That is, 
regardless of tlic sites involved, the lepromatous 
type is characterized by a relatively rapid course, 
a negative lepromin reaction, and lesions containing 
many bacilli, and because of this, is an “open” or 
dangerous type for the community. The tuberculoid 
type has a more chronic course, shows more re- 
sistance to the disease, has a positive lepromin re- 
action, has few bacilli in the lesions, and is there- 
fore a “closed” type and less of a community haz- 
ard. The indeterminate tj'pe is viewed as a transi- 
tional form. The lepromin reaction in this type has 
prognostic significance, since many cases with nega- 
tive reactions develop into the lepromatous tj’pe 
and those with positive reactions into the tubercu- 
loid type. The dimorphous type is a macular lesion 
not representative of a particular clinical group, 

The distribution of tjpes varies in different geo- 
graphic areas. The tuberculoid type is often pre- 
ponderant in areas known to have had leprosy for 
long periods and where control has shown some 
degree of effectiveness; the lepromatous tvpe may 
predominate in newly involved areas and those in 
which control has been less effective. 

Clinical Course. The onset is often unheralded 
and difficult to date. The incubation period a\ crages 
about 3 to 5 years. Claims of very long incubation 
periods must be scrutinized, since minor lesions arc 
likely to remain unrecognized for long periods. 

Initial skin lesions of the lepromatous type usu* 
aOy are found on the e-xtensor surfaces, the fore- 
head, cheeks, and ears. Their development may be 
so gradual that the changes may be noted by others 
before the patient himself is aware of them. 

Early signs of mucosal involvement in the upper 
respiratory and intestinal tracts may be evidenced 
by nasal discharge and dysphagia. Hoarseness and 
dyspnea may be due to laryngitis. 

The patient with the tuberculoid t)'pc is more 
hkcly to be aware of the disease early. The initial 
lesions usually take the form of h>'popigmcntcd 
or erj'lhcniatous anesthetic macules. Subjective 
manifestations due to neural involvement consist 
of numbness, tingling, and formication, and the 
skin may show bums or other lesions whicli the 
patient states are painless. 

The progressing cutaneous leprids of tuberculoid 
leprosy enlarge and clear centrally. The central area 
is anhidrotic and anesthetic to light touch, pain, 
and thermal stimuli. The nerves later arc ihJclcncfJ 
and tender if the disease progresses. Before nerve 
destruction and atropliy occur, pain of a neuritis 
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type may be prominent. Late stages are character* 
ized by resorption of tlie small distal bones of the 
hands and feet and painless ulcers of the octremi- 
tics. 

This distal resorption of bone is not appreciably 
influenced by chemotherapy, and its crippling 
effects constitute a great problem in rehabilitation 
of arrested cases. 

Although more marked in lepromatous leprosy, 
generalized lymph node enlargement is common in 
all types of leprosy. 

The lepromin skin test is primarily of prognostic 
value. The test material is prepared from leproma- 
tous nodules. Those with tuberculoid leprosy gen- 
erally show positive reactions; and lepromatous 
cases, negative reactions. A satisfactory therapeutic 
response is shown by the transformation of a nega- 
tive to a posituc reaction in Uie lepromatous type. 
Those patients with the indeterminate type of 
lesion \%ho have positive lepromin tests arc likely 
to develop tuberculoid lesions if the disease pro- 
gresses, and those who have negative lepromin 
reactions, lepromatous lesions, 

Recent studies ha\e defined better the rela- 
tionship between tuberculosis and leprosy. The 
guinea pig, normally lepromm-negative, becomes 
Jepromm-positive after BCG (bacillus Calmetfe- 
Gu^rin) administration. Patients who haw re- 
mained lepromin-ncgalnc after siilfone treatment 
may become lepromin-positive following BCG ad- 
ministration In some instances clinical improvement 
has accompanied this change. Tlie placo of BCG 
in tile treatment of leprosy is yet to be defined, but 
its contribution to control has been accepted in 
many countries and particularly where tuberculosis 
is common BCG vaccination in children results in 
most instances in positive early, or Fernandez, re- 
actions, and late, or Mitsuda, reactions. 

skin lesions are atypical or the neurologic examina- 
tion cannot he satisfactorily performed. Tlie normal 
cutaneous response to a needle prick through a 
drop of 1.1,000 histamine consists of a wheal with 
surrounding erythema. When there is impairment 
of neural function in leprosy, only the wheal and 
no erythematous halo appears. 

The pilocarpine test, showing impairnienl of the 
sweating response to intradermally injected pilo- 
carpine, is helpful in identification of the leprid. 

Laboratory Diagnosis. Altliough clinical findings 
may be sufiicienl for diagnosis, demonstration of 
the bacilli or the histologic lesion is desirable for 
confirmation or to observe response to tlierapy. In 
searching for bacilli in a suspected lepromatous 
case in which the skin lesions are not distinctive, 

'* ear lobule should be evamined. Tlie lobule is 
' M firmly enough to cause blanching. A small 
_ iCision is made with a sharp scalpel and the ma- 


terial which can be scraped from the edges is 
spread on a slide. Stained by the Ziehl-Neelsen or 
fuchsin method, a positive lesion will show nrnner" 
ous acid-fast bacilli. In suspected tuberculoid lep- 
rosy, a biopsy is usually necessary. 

The erythrocyte sedimentation rate is elevated 
in all types of leprosy but is most increased in this 
lepromatous type. Serologic tests for ^’phills per- 
formed with the beef heart antigens may be posi- 
tive in 10 to 40 per cent of cases of leprosy, 
whereas with cardiolipin antigens, only 1 to 2 per 
cent may be positive. TPI (Treponema palUdun^ 
immobilization 1 tests have been negative in most 
cases of leprosy unless sj'pbilis also was suspected- 
The ^-globulin, C-reactive protein, is present ir* 
most cases of active leprosy and absent in most 
cases of arrested leprosy (Rabson). 

Differential Diagnosis. In nonendemic areas, 
leprosy is scldon\ diagnosed early. Once leprosy b 
suspected, clinical and laboratory procedures an? 
usually successful in establishing the presence or 
absence of tlie disease. If must be differcntiited 
from syphilis, superficial fungous infections, lupu# 
vulgaris, lupus erythematosus, vitiligo, dermal 
leishmaniasis, yaws, seborrheic dermatitis, psoriasis/ 
DoceVs sarcoid, rheumatoid arthritis, nonspecific! 
neuritis, syringomyelia, ant? neurofibromatosis. Dif-' 
fcrcnti.ation from syphilis may be difficult because 
of clinical similarity and the frcrjiiont appearance 
of positive serologic tests for syphilis In leprosy, 
Important procedures in differentia] diagnosis are 
(1) the e'camination of cutaneous ond mucosal 
lesions for MijcohactCTium leprae, (2) study of skin 
sensation and reaction to histamine and pilocarpine, 
and (3) cx.imin.ation of the peripheral nerves for 
thickening and tenderness. 

Treatment. Several considerations must be 
heeded in ev.'iliiating the efficacy of therapy. (1) 

disease during which temporary and even perroa' 
nent spontaneous arrest can occur. (2) The patient 
seeks treatment during and toward the end of an 
exacerbation which may naturally be followed by 
a remission of variable duration. (5) The initial 
appearance of an exacerbation m-ay be precipitated 
a more or less self-limited disease— c.g , malaria 
or dysentery — or by an unfavorable nutritional and 
hygienic state, which, when corrected, may be 
followed by a remission. Clinical and laboratory 
observation over a period of years is, therefore, 
necessary for proper evaluation of therapy. 

The general therapeutic regimen should resem- 
ble that for tuberculosis, since much can be accom- 
plished by good diet and regulated rest and exer- 
cise. Chaulmoogra (hydnocarpus) oil was long used 
in Asia in the treatment of leprosy, but only during 
tlic latter part of the nineteenth century' w.'is it 
introduced into Western medicine. The Cairo Con- 
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gress in 1938 regarded chauJmoogra oil and its 
esters as the most efficacious drugs for the treat- 
ment of lepro^. Although many cases appeared to 
be benefited, this opinion was not concurred in 
generally. 

The history of effective chemotherapy began in 
1908 with the discovery of sulfone, but the value 
of this drug in the treatment of bacterial infections 
was not demonstrated until 1937. The efficacy of 
the sulfone derivative, Promin, in the treatment of 
leprosy was first reported in 1943. It was found 
later that the parent sulfone, dapsone or DDS 
(4,4'-diaminodiphenyIsulfone) , also was effec- 
tive, was well tolerated, and was the least expen- 
sive of this group of drugs. It is rapidly absorbed 
after oral administration and slowly excreted, cu- 
mulative effects therefore occurring when large 
doses are given. Initially 100 mg is given orally 
twice a week and the dose increased by the same 
amount each week until the dose of 400 mg twice 
a week is reached. This amount is continued, and 
the patient is observed for toxic effects such as 
hemolytic anemia, hepatitis, drug fever, dermatitis, 
and psychosis. Muir has reported that vitamin Bjj 
increases the tolerance for DDS. 

Promising results have been reported with Etisul 
(diethyl dithioisophthalate), administered by in- 
unction. 

The response to therapy is estimated by periodic 
bacteriologic examinations and objective clinical 
studies. Early cases and those with low bacterio- 
logic indices can be expected to show improve- 
ment after about 1 year of treatment; others may 
require 3 to 4 years; and some, approximately 20 
per cent of all clinical cases, will show no recog- 
nizable i^lpro^’eme^t. 

The thiosemicaibazones are not so effective as 
DDS but are occasionally useful as alternative 
agents. The response to isoniazid has been poor in 
most eases. ACTH and cortisone have been found 
to produce desirable temporary effects but unfor- 
tunately have been followed by aggravation of 
neural and cutaneous lesions. Their use is justified 
in treatment of the drug fever induced by sulfones. 
In leprous ophthalmitis cortisone applied locally is 
ad\ised (Lowe). 

Hanks has reviewed the problem of immunity 
in leprosy and the approaches to stimulation 
and/or enhancement of the specific immune re- 
sponse. The present status of therapy would make 
it highly desirable to use adjuvants with antigens 
in the hope that the efficacy of chemotherapy 
™ight be increased. 

Prognosis. This is dependent upon the type of 
leprosy, the stage in which treatment is begun, 
and the general health of the p.itient. The occur- 
rence of temporary and occasion.nlIy permanent 
spontaneous disease arrest must be kept in mind. 
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The tuberculoid type has a relatively belter ex- 
pectancy, although disability is common, and the 
prognosis is relatively better in so far as disease 
arrest is concerned. The lepromatous tyqje has the 
poorer outlook. With the hope which the sulfone 
derivatives hold, it should become easier to induce 
patients to seek treatment earlier. Generally, pneu- 
monia and tuberculosis are common causes of 
death. In the United States, over one-third of the 
cases die with renal insufficiency due to amyloido- 
sis. The average duration of life after diagnosis is 
20 years, and the average age at death is fifty-nine 
years. 

Control. Segregation and early treatment of pa- 
tients, particularly those rvith the lepromatous type, 
are essential. A program of control should be di- 
rected toward encouraging voluntary admission to 
a leprosarium. The harm the patient may do to 
himself and his immediate contacts by delaying 
tre.itment, and the hopefulness wth which treat- 
ment can now be regarded, should be emphasized. 
Mention has been made of the enlarging role which 
mass BCG vaccination has been given in control 
Efforts to identify and define the carrier state 
should be intensified, and the efficacy of the sul- 
fones in controlling the carrier determined Culti- 
vation of a more objective and less emotional pub- 
lic attitude toward the disease is fundamental to 
any control program, 
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lAQ OTHER MYCOBACTERIAL 
i^O INFECTIONS 

Ivan L. Bennett, Jr. 

Acid-fasl bacteria morphologically similar to tu- 
bercle bacilli are widely distributed in nature as 
sapropli)’tes or as pathogens of lower animals. 
Many e.xamplcs are known of parasitism of am- 
phibians and fishes by mycobacteria that cannot 
multiply at mammalian body temperatures. Among 
animal diseases that have been studied extensively 
are Johne's disease, an enteritis in cattle caused by 
ilycobacteriim paratuberailosls (M. fohnei), a 
leprosy-hke illness in water buffalo and oxen called 
lepra btibahrum or lepra bovinum, and murine 
leprosy. Tlie long-standing view that all other acid, 
fast bacilli were of Importance in clinical medicine 
only because they might be confused with A/, tu. 
bercuhsis or M leprae In smears or cultures of hu. 
man material has gradually given way to Che rcali- 
xation that many ore pathogenic for man, produang 
chronic cutaneous ulceration or pulmonary disease. 
Despite the unsatisfactor}' status of terminology and 
bactenologic criteria for identifying mycobacteria, 
the clinical manifestations of the tvi'O groups of 
disorders ore sufficiently well defined to permit 
their recognition and treatment 

Mycobacterium halnei (‘'Swimming-pool Bacil- 
lus”). This acid-fast organism inhabits fresh-water 
swimming pools, where it gains entry to the human 
body through cutaneous abrasions from rough con- 
crete and causes a type of superficial ulceration 
known as “swimming-pool disease" or “sore elbow.” 
The ulcers occur on elbow s, ankles, toes, and hands; 
they are not extensive or destructive, tend to bleed 
easily, are moderately painful, and heal slowly, 
partly because of their tendency to localize in areas 
that are subject to repeated trauma. The organism 
was discovered during investigations of epidemics 
of what was initially thought to be tuberculosis of 
tlie skin in Scandinavia; sporadic cases os w’ell as 
epidemics have occurred in many countries, includ- 
ing the United States Mycobacterium halnei grows 
optimally at 31®C and multiplies poorly or not at 
all in cultiues kept at 37*C. This temperature range 
probably accounts for the lack of systemic spread; 
indeed regional lymph nodes remain tininvolv^ 
unless secondary pyogenic infection occurs. 

The diagnosis is made by culturing the organ- 
isms, usually from biopsy material. Histologically, 
■>1 / 


the l«ion is a nonspecific granuloma containing 
acid-fast baciUi. Most patients do not react to tu- 
berculin although positive reactions to skin tests 
can be elicited using a tuberculm-hke extract of 
Af. halnei. The circumstances of infection and the 
absence of evidence of tuberculosis In n patient 
with cutaneous ulceration containing acid-fast ba- 
cilli usually suffice to establish the diagnosis. 

Treatment with antituberculous drugs does not 
appear to speed healing, which finally occurs spon- 
taneously (although the organisms are sensitive to 
streptomycin). 

Invention consists of disinfecting pools where 
cases have occurred and rigid exclusion of individ- 
uals with skin lesions. 

Mycohaeterium uicctans. This acid-fast bacillus, 
which grows optimally at 30 to 33“C and poorly 
or not at all at 37*C, was first isol-ntcd from exten- 
sive ulcers of the extremities in the town of Bairns- 
dale, Australi.-i, and the skin lesions arc often called 
"Balmsdalc disease." Mycobacterium tilcerans pro- 
duces spreading granulomatous ulceration which is 
far more extensive tlian that produced by Af. balnei 
and often destroys the subcutaneous tissue dowTJ 
to fascia and muscle. Tlie reservoir in nature and 
the source of infection are unknown. Sporadic cases 
have been reported in Europe, Great Britain, and 
the United States. Systemic dissemination docs not 
occur, again, it is thought, because of the tempera- 
ture requirements of the organism. Antituberculous 
drugs, with tile possible exception of streptomycin, 
do not inhibit appreciably the progressive extension 
of ncCTOsis; prompt surgical excision of all involved 
tissue, followed by grafting of the defect, has been 
unifonnly curative. 

Mycobacterial Ulcers in Africa. Add-fast bacilli 
have been isolated from a distinctive cutaneous ul- 
ceration that appears to be widespread among east- 
ern Congolese natives and lias been observed also 
in Europeans living in central Africa. Twx) bacterial 
strains, tentatively designated M. kakcrifu and M. 
kasongo (for geographic areas) have been studied 
and sliovvn to differ from AJ. ulccrans. The lesions 
begin on the extremities, thorax, or face as acute!) 
inOamed blebs or more indolent ulcers which ex- 
tend progressively, burrowing through the subcu- 
taneous tissues, destroying muscle, and occasionally 
producing osteitis with slow l)sis of underlying 
bone. Lymphatic and systemic spread do not occur 
(the organisms will not grow at 37®C). ^\^li!e the 
process sometimes subsides spontaneously, its in- 
exorable course often necessitates block excision to 
save an eye or prevent amputation of an extremity. 
The bacilli are more likely to be sensitive to isoni- 
azid than to streptomycin, but drug therapy is only 
an adjuvant to surgery. Two peculiar features are 
the early occurrence of extensive, completely re- 
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versible calcification in diseased tissues and the 
finding of small, nonulcerating, subcutaneous gran- 
ulomas at distant sites. Tliese nodules are almost 
invariably marked by a patch of e’ctensive hirsutism 
in the o\'erlying skin. 

PULMONARY DISEASE PRODUCED 
BY “ATYPIC/U,” OR “ANONY’MOUS" 
MYCOBACTERIA 

Definition. Many mycobacterial spedcs that were 
long believed to be nonpatliogcnic or, at best, very 
rarely pathogenic for man arc now known to be 
capable of causing chronic progressive pulmonary 
disease with fibrosis or cadtalion closely resem- 
bling that of tuberculosis. 

Etiology. The generally preferred term for the 
acid-fast bacilli which cause nonhibcrculous pul- 
monary disease is “anonjinous” rather than “atypi- 
cal** mycobacteria. Until methods for identification 
of species are greatly impro\cd, this heterogeneous 
collection of microorganisms allows few general 
statements; the best classification at present is that 
devised by Runyon in cooperation with the Vet- 
eran’s Administration and the National Tubercu- 
losis Association. 

Anonymous mycobacteria differ from tubercle 
bacilli by failure to elicit progressive disease in 
guinea pigs, by the dcNcIopmont of pigment in 
cultures, by relative insusceptibility to isoniazid 
and para-aminosalicylic acid (less often to strepto- 
tnyan), by failure to produce nicotinic acid in cul- 
ture (determined by the simplified Konno lest), 
and by certain less-regular morphologic variations. 

The Runyon schema classifies these organisms 
mto tour groups. Group f, the rAatoeftrornogens, 
produce no pigment uhen cultured in the dark but 
assume a yellow-to-orange hue on short exposure 
to light. Two species, il/. luciflavum and M. kan- 
sajii, are believed to predominate in this relatively 
homogeneous group. Group II, the Sccfoc/ir<7mo- 
gc'is, produce pigment whether grown in light or 
datk. Group III, the yonpholochromogens, produce 
little or no pigment. The “Battey” bacilli (so called 
after a tuberculosis hospital in Georgia) belong in 
this group. Group IV, the Rapid Growers, include 
Organisms which grow out within 48 hr. Mycobac- 
terium fortuifum is at least one of the species in 
this group, and it is believed that several strains 
of Nocardia (see p. 1063) have accidentally been 
included within it. 

Group I and group III are responsible for the 
vast majority of human disease, although a few 
verified instances of infection by ^oups II and IV 
organisms are on record and studies throughout the 
World are so incomplete that no conclusions can be 
drawn about incidence. 
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Epidemiology. The mode of transmission and the 
question of animal reser\'oirs of infection are un- 
settled. Skin tests utilizing tuberculin and similar 
preparations from anonymous mycobacteria have 
shown that a large proportion of cross teacUons oc- 
cur but that patients usually react mor^ strongly 
to the prepararion derived from the organism re- 
sponsible for their disease. Surveys of populations 
in limited areas have likewise revealed that tuber- 
culin skin sensitivity is not always derh’ed from 
contact wth M. tuberculosis, that asymptomatic in- 
fection with anonymous bacilb' is common between 
the ages of seven and fifteen years, and th^ ratio 
between subchnical infection and clinical disease 
is much higher for anonymous bacilli than for tu- 
bercle bacilli, indicating a lesser order of patho- 
genicity for man than e-rists m tuberculosis. 

A striking predominance of infections in Certain 
areas is produced by organisms of one groiip. In 
Texas, group I disease predominates; in Georgia, 
Alabama, and Florida, group III infections form the 
majority. 

In all areas, most cases of symptomatic pulmo- 
nary disease are in white males thirty to sixty years 
of age and illness is unusual m Negroes Two Lm- 
iled culture surveys are worthy of note In Georgia, 
unclassified acid-fast bacilli w'cre isolated from sa- 
liva or sputum in 14 per cent of the normal mdi 
viduals studied. In Texas, group I bacilli have been 
grown from the pharynx of many normal children 
and have also been recovered from the exudate of 
draining cervical lymph nodes m tubercuIin-positive 
children. The relabonship of this type of infection 
in children to cat-scratch disease (p. 1178) Is un- 
certain. 

Patbofogy- LimiXed studies of pufimonary tissue 
from cases of group I (Photochromogen) infection 
have showTj a general resemblance to tuberculosis, 
with several differences: (I) there is more tend- 
ency to acute inSammation admixed with Casea- 
tion; (2) cavities tend to be irregular and thin- 
walJed; (3) fibrosis elsewhere is more intense; (4) 
endobronchial disease, often acute, is very con\njon 
but endobrondiial spread of infection is unusual. 
(5) large amounts of free and phagocytosed fat are 
present; and (6) asteroid, or Schaumann, bodies 
occur in 30 to 40 per cent of the cases. 

Manifestations and Diagnosis. The symptoms and 
signs are those of pulmonary tuberculosis (s^ p 
1004). There is a tendency for manifestations to be 
milder than those of tuberculosis in the presence 
of extensive x-ray changes, cavitation is more likely 
to occur and the cavities are thin-walled, and cal- 
cification of lesions is more frequent. 

niese findings in a middle-aged white lualc 
should arouse suspicion. The diagnosis is established 
by isolating anonymous mycobacteria from spuimn. 
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Skin tests are not specific enough to allow differ- 
entiation from tuberculosis in the individual pa- 
tient. 

Treatment. Antituberculous drugs are risuatly less 
effective in anon)'mous bacterial infections than in 
tuberculosis. However, many patients heal slowly 
on isoniazitl and streptomycin. Para-aminosalicyhc 
acid IS rarely useful. In general, a vigorous medical 
regimen and early surgery for cavitary disease have 
given the best results 
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Section 9: Infections of Specific Tissues 
and Anatomic Sites 


INTRODUCTION 

Ivan L. Sennett, Jr. 

It is traditional and convenient to classify bac- 
terial diseases in terms of etiologic agents. This is 
adequate for those that follow more or less con- 
sistent patterns as do typhoid, anthrax, brucellosis, 
tularemia, or tetanus, but there are other important 
disorders that lend themselves poorly to categoriza- 
tion on the basis of causative organisms. Because 
many microbial agents are able to invade and to 
localize in almost any tissue, they are not regularly 
associated with a single symptom compIe.x. Fur- 
thermore, infection of an anatomic site sndi os the 
urinary tract or the meninges by any one of a wide 
vanety of unrelated bacterial species produces es- 
sentially the same S)7nptoms and dinical signs 
Recognition of the basic pathologic process by tl*c 
clinician is, in most instances, independoit of mi- 
crobiological techniques. This statement is not in- 
tended to direct emphasis away from the important 
procedure of specific identification of infecting bac- 
teria as a basis for choosing the appropriate anti- 
microbial drugs. 

In this Section, many clinical entities are de- 
'Scribed. Several are more likely to be caused by 
.certain microorganisms than others, but all can be 
^produced bj’ many species. Most can be recognized 
fn their typical forms by history, physical etamina- 


Uon. and clinical tests of blood and urine. Final 
identification of the infecting agent may depend 
upon time-consuming bacteriologic tests, but a 
knowledge of the likely pathogens often enables 
the physician to initiate appropnate therapy before 
this iniormation is aviiilame. Surgical drainage is 
an essential part of proper management for several 
of the disorders to be described; indeed, surgery 
may be an emergency procedure for many of them, 
necessitated not by the species of the infecting 
organisms but by the anatomic location of the 
infection. 

For these reasons, it seems logical to desenbe 
these afilictions in terms of their manifestations in 
the patient. Cross references to other secb’ons of 
the book for details of bacteriology have been given 
where specific causative agents are mentioned for 
the diseases. 


1 Q localized infections 

AND ABSCESSES 

Ivan L. Bennett, Jr. 

Localized pyogenic Infection can develop m any 
region or organ of the body. This may be initiated 
by trauma and secondary bacterial contamination, 
by some alleration /n local conditions that renders 
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a tissue susceptible to organisms already present 
as part of the “normal flora” to which it is ordi- 
narily immune, by contiguous spread from a nearly 
lesion, or by metastatic implantation of microorgan- 
isms carried in blood or IjToph. 

Infection is more likely to occur in some ana- 
tomic sites than in others because of structural 
diSerences favoring localization or because of 
greater exposure to tbe risk of trauma (for exam- 
ple, the hand). 

The symptoms and signs of infecbbn in sewral 
areas are characteristic enough to allow their clini- 
cal recognition and also to enable one to predict 
the pathways likely to be traversed as adjacent or 
distant structures become involved. The definitiie 
treatment of many circumscribed infections, par- 
ticularly if abscess formation occurs, is primarily 
surgical. Several, however, are complications of 
diseases that are ordinarily cared for by the in- 
ternist and the treatment of any of the serious types 
may call for careful integration of medical and 
surgical measures. It is important, therefore, that 
the physician be able to recognize the major types 
of lociJized suppurative disease and know some- 
dung of the principles of their management. 

Etiology. Under appropriate conditions of low- 
ered tissue resistance, almost any of the common 
bacteria can initiate the infectious process. Cultures 
from open lesions such as those of the skin or from 
intraabdominal foci arising from perforations of 
the gastrointestinal tract frequently contain several 
bacterial species; as might be expected, the organ- 
isms found most frequently ase the “normal flora” 
of these regions. 

Infection in some areas is more likely to be 
caused by certain organisms (examples being 
staphjlococci in the skin and coliform bacteria in 
the urinai)' tract) and special features of the tissue 
reaction produced by some bacterial species make 
it possible to recognize infection by them with con- 
siderable accuracy. The staphylococci produce 
rapid necrosis and early suppuration %vjth large 
amounts of creamy yellow pus (see p. 894). Group 
A beta-hemolytic streptococcal infections (p. 901) 
lend to spread rapidly through tissues, causing in- 
tense inflammatory edema and striking erythema 
but relatively L'ttle necrosis and thin, serumlike 
exudates; anaerobic streptococci (p. 922) and 
members of the Bacteroidcs group (p. 936) pro- 
duce necrosis and profuse, b^o^^■n^sh, foul-smelL’ng 
pus. Pseudomonas infections (p. 934) are often 
rather indolent, and their thick, bluish green exu- 
date is familiar to most clinicians; the pneumococ- 
cu* (p. 887) sbmulates the production of \TScid 
greenish pus containing large plaques of fibrin and 
lienaturcd protein. 

The causative agents of many other diseases are 
rapablc of producing localized infection in tissues 
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that are not usually inwlved in the specific “clini- 
cal entities” ascribed to tliem. Examples include 
the tj'phoid bacillus, Conjnebacterium diplithcriae 
(cutaneous ulcers), tbe brucellas, Pastcurclla tula^ 
rensts, and many others. 

Tlie identification of the infecting organism or 
organisms is an important procedure in the clioice 
of local or systemic chemotherapy and should not 
be neglected. However, when one is dealing with 
infection in an area where exposure to the micro- 
flora of the body is constant (sputum, paranasal 
sinusitis, cutaneous ulcers), it is unlikely that cul- 
tures xvill ever become sterile, and the interpreta- 
tion of the findings in serial cultures during therapy 
must be tempered by this realizab’on. 

Pathogenesis. Factors predisposing to the initia- 
tion and persistence of infection in a tissue include 
trauma, obstruction of normal drainage (sweat 
glands, biliary tract, bronchial tree, urinary tract), 
ischemia (infarction, gangrene), chemical irritants 
(gastric contents, bile, intramuscularly injected 
drugs), hematoma formation, accumulation of fluid 
(Ij-mphatic obstruction, cardiac edema), foreign 
bodies (bullets, splinters, sutures), and others such 
as the occurrence of turbulence in the vascular 
system (see Bacterial Endocarditis, p. 1039). 

Infection in soft tissue usually be^ns as a ccllih 
litis, a diffuse acute infi.immation with h)’peremia, 
edema, and leukocytic infiltration but little or no 
necrosis and suppuration. With some organisms 
this is followed by necrosis, liquefaction, accumul.'!- 
tion of leukocytes and debns, suppuration, locula- 
tion and walling ofi^ of the pus, and formation of 
one or more abscesses. Abscess formation is par- 
ticularly prone to follow infection in a pree-usting 
circumscribed space or cavity, examples being the 
fallopian tubes, lung cysts, and pilonidal sinuses 
Ureteral obstruction in the presence of pyelone- 
phritis is sometimes followed by accumulation of 
large quantities of thick pus in the renal pelvis, a 
pyonephrosis. 

The local spread of infection generally follows 
the path of least resistance along fascial planes, 
proper surgical treatment is based upon a knowl- 
edge of these routes, which wall be described for 
specific infections later in this chapter Ljwphatic 
spread can lead to lymphangitis lympliadcnitis, or. 
if the regional nodes suppurate, to the formation of 
a bubo. Involvement of loc.al scmilcs or large \cins 
can lead to infective thrombophlebitis with result- 
ing bacteremia, septic embolization, and systemic 
dissemination of infection. Staphylococci, strepto- 
cocci, and bacteroidcs are notorious for the fre- 
quency with which they produce vascular lesions 
of this tjpe. 

Depending upon the mfccUng organism .and tin* 
anatomv of the affected region, .a small abscess m.iy 
subside completely, there may lx? gradual cncap- 
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siJation of the accumulated pus and persistence of 
the focus in a chronic or quiescent state, or flie 
lesion may “point” and rupture into adjacent tissues 
or to the outside surface of the body, as usualfy 
happens with furuncles and, occasionally, witfi 
pleural abscess {empyema necessitatis). Spontane- 
ous drainage of the pus to the outside ordmarOy 
loads to subsidence and healing of a superficially 
situated suppurative focus. However, if the abscess 
is deeply situated and well encapsulated, there is 
often persistence of a fistulous tract and the forma- 
tion of a chronic, draining sinus. The development 
of persistent sinuses over an area of suppuration 
produced by ordinary pyogenic bacteria should at- 
ways suggest involoement of underlying hone or 
the presence of a foreign body. Fistulas that open 
onto the skin are, of course, soon colonized by 
microorganisms from the external environment. 
Ordinary bacterial cultures of drainage fluid almost 
invariably show a mixed flora and should never be 
relied upon for the etiologie diagnosis of the under- 
lying disease. This is particularly important when 
one considers those disorders that charactCrislIcaDy 
lead to persistent sinus formation; tuberculosis, 
mycotic infection (actinomycosis, blastomycosis), 
melioidosis, glanders, tularemia, and, rarely, ame- 
bic abscess of the liver or cecum. 

Therapeutic Considerations. Recognition of the 
subsidence of inflammation and striking sympto* 
mabc improvement that follow spontaneous evacu- 
ation of a suppurative focus led long ago to the 
adoption of surgical incision for the treatment of 
abscesses. Tlie exact reasons for the amelioration 
of local and constitutional manifestations that re- 
sults from drainage of pus are still unknown, but, 
clinically, the benefits of adequate incision and 
drainage are unequivocal 

It has been learned by experience that incision 
of infected tissue before the stage of liquefaction 
and accumulation of pus is well established is often 
deleterious, faflmg to relieve discomfort and fa- 
cilitating spread of infection. For this reason, it is 
sometimes necessary to wail until an abscess 
"npens,” that is, localizes and "comes to a head.” 
It has long been knoNvn that the application of heat 
to an area of inflammation Nvill relieve pain and 
often speed the subsidaice of cellulitis without 
suppuration. If necrosis of tissue is already under 
way, hot applications appear to facilitate localiza- 
tion of the process and accumulation of pus, mak- 
ing incision and drainage feasible at an earlier 
lime Another procedure tliat aids in reduction of 
swelling and relief cf pain is elevation of the af- 
fected part. 

^The avadahility of specific cbemotherap«ilic 
gs has modified the need for heat, elevation, 

' ’ Ision surprisingly btlle. The early adminis- 

■'on of sulfonamides or antibiotics has reduced 
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f the incidence of suppurative complications in many 
e disorders, but once suppuration has appeared, anti- 
s microbial drugs become remarkably incapable of 
f eradicating the infecting organisms. It is known 
fi that pus contains substances which effecU\'ely in- 

- activate the sulfonamides, and this fact alone 
f accounts adequately for the failure of these drugs 
y to influence localized suppurations. 

s Antibiotics, however, can be demonstrated in 
s \ilro to retain their antibacterial activity in the 

- presence of pus and necrotic tissue, and the ex- 
t planation of the deleterious effect of suppuration 
r» upon their therapeutic effectiveness is not simple. 

Several factors undoubtedly contribute to the final 
f result. It is probable that failure of the drug to 
1 penetrate into an area of suppuration is rarely the 

Y reason for therapeutic failure. Although this possi- 
bility exists in such infections as osteomyelitis, it is 

t usudly overcome by increasing dosage. Because 
e direct instillation of the antibiotic into an infected 
area is not, by itself, a curative procedure, other 
fi factors ore probably more important than faul^ 

Y diffusion of the agent into the focus. The expen- 
ments of Eagle and of Wood have shown clearly 

. that an established inflammatory exudate is a rela- 

• lively poor environment for bacterial multipbca- 
tion. Because penicillin’s bactericidal action is ex- 

B erted only against rapidly multiplying organisms, 

• it is now believed that failure of this antibiotic to 

• eradicate bacteria in an abscess Is related to their 

B relatively inactive metabolic state. Because a bac- 

f teriostatic agent such ns tetracycline or cbloram- 

1 pbcnicot is capable only of inhibiting multlpHca- 

- tion of bacteria and usually exerts no direct lethal 

, action, the final death of organisms In any fnfec- 

i tion treated with agents of this type is dependent 

upon other mechanisms. For most pyogenic bac- 
1 teria, phagocytosis is one of the most important of 
i these mechanisms (although there must be others 
1 that have not been as carefully studied), and it is 

- now knenvn that, in the absence of phagocytes or in 
5 circumstances which inhibit their activity, bacterio- 
s static drugs are relatively ineffective. In fluid-filfcd 

cavibes, and particularly in the metabolically un- 
t favorable milieu of an abscess, phagocytosis is 
I greatly reduced, and, consequently, despite inhi- 
t bition of multiplication, bacteria can remain dor- 
r mant and survive For long periods of time It is 

- probably a combination of these two circumstances, 

- decreased muIUplicab'on of bacteria and decreased 
r phagocjtosis, that makes infection on the heart 
f valws, in the kidney, or in the meninges as well as 

- soft tissue abscesses so resistant to antibiotic ther- 
apy. Administration of large doses of bactericidal 

; drugs for long periods often becomes necess.'iry to 
, achiev e cure. 

- From a practical viewpoint, antimicrobial dmgs 
1 can be expected to prevent suppuration if gi'cn 
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early cnougli or to prevent spread of an already 
existent abscess, but they cannot be substituted for 
surgical drainage. Indeed, their use in the face of 
a lesion requiring evacuation of pus is one of the 
most common serious errors in treating infections. 

In thoracic empyema, supporati\’e pericarditis, 
or pyarthrosis, excellent therapeutic results are 
sometimes achieved by aspiration of pus through 
a needle and instillation of antibiotics into the in- 
fected area. The success of tliis procedure, how- 
ever, is fully as dependent upon the adequacy of 
the drainage that it achieves as it is upon the local 
application of the antibiotic, and if there is locula- 
tion or the exudate becomes too viscid to allow 
removal, surgical incision becomes mandatory* 

In presence o? VTv?eett\c ibrowfcupVitbvUs, 
surgical interruption of the veins by ligation or. in 
certain instances, by total excision of an infected 
segment is often indicated to prevent seeding of 
other organs by infected emboli. 

Manifestations. Sccondarv’ infection of wounds 
and cutaneous ulcers is usually recognizable by in- 
spection. Infections of the sVin and subcutaneous 
tissues almost invariably produce the classic inani- 
festations, redness, tenacmets, /leaf, and 
Reddish streaks extending proximally and associ- 
ated uilh tender enlargement of regional lymph 
nodes indicate lymphangitis. Systemic ^’rnptoms 
can be absent or mild, or there can be fever, ma- 
laise, prostration, and leukocytosis. 

Infection and suppuration in deeper fa'ssues or 
in body cavities is often manifested by local pain 
and tenderness, but the task of locating and de- 
termining the exact n.nture of the lesion can be dif- 
ficult. The palpation of a tender mass is helpful, 
but muscle spasm and intervening structures often 
interfere. Abdominal or pelvic examination Under 
anesthesia is sometimes useful in these circum- 
stances. 

Auscultation may reveal a friction rub over an 
abdominal viscus, the pleura, or the pericardium. 
The rapid dev'elopment of an effusion in the peri- 
cardium, pleura, abdomen, or a joint should sug- 
gest infection. Similarly, fluid detected by trans- 
lUuminah'on of paranasal sinuses or inspection of 
the tjTnpanic membrane can be the first sign of 
infection. 

Depending upon the location of an abscess, 
symptoms and signs referable to encroachment 
upon adjacent structures may dominate the picture. 
Respiratory obstruction may be the first sign of 
mediastinal abscess; dysphagia often first calls at- 
tention to peritonsillar or retropharj'ngeol ab- 
scesses; and acute tamponade is sometimes the ini- 
tial due to pericardial infection. Localizing signs of 
dysfunction are especially striking and important 
'viih suppurations of the brain and spind cord 
(see p. 1044). 
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L^cal pain and tenderness or signs of dysfunc- 
tion are relatively mild or equivocal in some pa- 
timts, constitutional manifestations of fever, ‘pros- 
tration, and tceight loss dominating the picture. 
The fever can be low-grade but is often hectic 
with repeated rigors and drenching rught sweats. 
Fatigue and anemia are frequent, and weight loss 
may be so rapid as to result in emaciation within a 
few weeks. A patient with these symptoms and 
signs may have chronic subphrenic, perinephric, or 
other abscess in the complete absence of any de- 
tectable phj'sical sign pointing to the location of a 
huge accumulab’on of pus. 

Fluctuation of a mass on palpation is a reliable 
sign that it contains fluid, perhaps pus, but failure 
to deteeX tSus sign v/ben deeper s^rwAvires are ex- 
amined is no guarantee that suppuration is absent 
and should not be taken by itself to indicate that 
the mass is noninfectious in origin or that drainage 
is not required. 

Laboratory Findings. Peripheral polymorphonu- 
clear leukocytosis is frequent with abscesses, and 
unexplained elevation of the white count in any 
patient should lead to a search for localized sup- 
puration. Depending upon the sev'erity and dura- 
tion of infection, there may be a chronic normo- 
cyti<^ normochromic anemia. Mild albuminuria is 
occasionally noted in febrile patients and has no 
diagnostic import. 

Pus or Quid obtained by needle aspiration or 
incision of a suspected lesion should always be 
stained and examined duectly in addition to being 
cultured aerobically and anaerobically. As has been 
mentioned, pus is a poor metabolic substrate, for 
many bacteria and organisms may fail to grow m 
cultures, particularly from an abscess of long stand- 
ing. In such instances, the findings on microscopic 
examination may be the only guide in choosing 
proper chemotherapy for the disease. 

Blood cultures are often positive in intravascular 
infections such as endocarditis (p. 1039), in pyelo- 
nephntis (p. 1035), and in pyogenic infections in 
which loc^zed abscesses are metastatic, as in 
sfeiphylococcal (p. 894), streptococcal (p 901), 
and salmonella (p 946) bacteremias. It should be 
remembered that manipulation, including surgical 
incision, of any localized infection can be followed 
by transient bacteremia. 

CLINICAL FEATURES OF INFECTIONS 
IN VARIOUS REGIONS 

TTie pathogenesis, diagnosis, and treatment of 
sev'eral important infections in specific anatomic 
sites and organs are discussed in detail in other 
parts of this book. These include lung abscess 
(p. 1554), mediastinitis (p. 1367), bacterial endo- 
carditis (p. 1039), pericarditis (p. 1467), infections 
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of the brain and spin.jl cord (p. 10J4), oslcomj'clills 
(p S98). p)-elo)3ephrUis (p. 1033), appeniLcitis 
and appendiceal abscess (p. 1636), pyleplilebuls 
and hepatic abscess (p. 1698). pancreatic abscess 
(p 1663), and diverticulitis (p. 1645) 

The remainder of tJiis chapter is devoted to some 
fe.'itures of dermal infection, chronic ulcerations, 
and a consideration of a number of other important 
regional infections including those of the neck, 
spleen, subphrcnic space, kidney, perirenal space, 
retroperitoneal space, and rectum 

Skin and Subcutaneous Tissues 

is a superficial infection caused by 
hemolytic staphylococci and Group A hemolytic 
streptococci It is primarily a disease of children, 
common m warm weather, characterized by mul- 
tiple erythematous lesions which \esicuhte and are 
intensely pruritic. Local spread occurs llirough 
scratching and release of infected vesicle fluid. 
Serious complications are metastatic abscesses and 
hemorrhagic nephritis (p. 918). Treatment con- 
sists of local and general cleansing of the skin, 
application of bacitracin-neomycin ointment, cover* 
ing with a loose dressing to prevent further con- 
tamination, and appropriate systemic antibiotics. 

Deeper infections of the sidn are almost invari- 
ably staphylococcal in origin and are described In 
the chapter beginning on p. 894 Erysipelas, a 
characteristic dermal lesion produced by Croup A 
streptococci, is described on p. 909, and erysipe- 
loid is described on p 6S0. 

Lymphadenitis with or without suppuration can 
complicate any pyogenic skin lesion and is often 
striking with superficial streptococcal infections. 
Specific diseases characterized by suppurative re- 
gional lymphadenitis include lymphogranuloma 
lenereum (p 1177), cat-scratch disease (p. 1178), 
tularemia (p. 963), and bubonic plague (p. 966). 

Infections of the Hand 

Tlicse are almost invariably secondary to Irauma 
and are very common. Because of tlic rapidity with 
which infection can spicad through the complex 
fascial spaces of the hand, wTist, and forearm with 
die production of irreparable funclional d.image, 
amj deep infection in this area should rccciie ex- 
pert surgical attention immediately The impor- 
tance of this has in no way been lessened 1^ the 
a\ailabi]ity of antibiotics. 

The ordinary paronychia, or “run-around,” is a 
superficial infection of the epithelium lateral to a 
nail, usually' a result of tearing a “bangnaU'’ and 
most frequently caused by the staphylococcus. Hot 
. 'ications will lead to subsidence of paronychlal 
'•cllulitis, but often a superficial blister of pus ap- 

cirs or the infection burrows beneath the nail to 
^ 1 a painful subungual abscess. Incision and 


drainage with parti.al or complete removal of the 
nail arc then necessary. Bccuirrnce is common, es- 
pecially in nail biters, and tins seemingly trivial 
infection can cause painful disability. Chronic 
paronychial inflammation produced by various 
fungi occurs in diabetics, and a similar lesion is 
seen in psoriasis and some types of pemphigus. 

^Vhat appears to be a small furuncle of the webs 
of the fingers sometimes produces a collar-button 
afrscess, consisting of a superficial and a deep com- 
partment connected by a narrow tract; e\acuaUon 
of the shallow pocket without emptying llie deeper 
abscess can lead to puzzling persistence of infec- 
tion. 

Infection of tlie distal phalanx of a finger, usu- 
ally acquired by pinprick, thorn prick, etc . can 
lead to the formation of a felon or iihUloto. This is 
a suppurative infection in the t/gblly enclosed 
fibrous compartments of the finger pulp (the “an- 
terior closed space”) which can soon compromise 
the distal blood supply by compression of the dis- 
tal arteries with consequent necrosis of bone and 
the development of osteomyelitis. Tlie manifesta- 
tions are swelling, extreme pain, and tenderness of 
the palmar surface of the finger tip The treatment 
is immediate incision, using a lateral approach nnd 
cutting all the fibrous septa that radiate from the 
periosteum to the subcutaneous fascia 

Suppurative tenosynovitis, usually a complica- 
tion of a puncture wound, is an ei’cn more serious 
infection of the hand from the point of view of 
functional damage; early diagnosis and treatment 
are mandatory to prevent permanent disability 
from destruction of the tendon or its sheath. Tlie 
three cardinal manifestations of tenosynovitis listed 
by Kanavel, the father of modem surgery of the 
hand, are (1) exquisite tenderness Umited to the 
course of the sheath; (2) the fingers held in flex- 
ion, (3) extension of the involved finger producing 
excruciating pain, most marked at the base of tlie 
digit. Immediate Incision of the sheath is indicated 
not only to prevent damage to the tendon itself 
but to avoid proximal extension of the process into 
the major fascial spaces of tlie hand or forearm 
Vigorous antibiotic treatment should accompany 
the surgery. 

The definitive treatment of any serious infection 
of the hand is a matter for a skilled surgeon, but 
the early recognition of the need for surgery often 
falls to tlie physician. One last infection of the 
hand that is very important is that complicating 
hiitmin hilcs. Neglected injuries of this type almost 
invariably' produce a highly dcstnicbve, necrotizing 
lesion, the result of infection by a mixture of aero- 
bic and anaerobic organisms. A deliberately in- 
flicted bite on the hand or elsewhere is usually 
recognized as dangerously contaminated, but 
wounds on the knuckles produced by striking an 
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opponent’s teeth \vit]i the fists may not be recog- 
nized as potentially dangerous. In general, bile 
wounds should be cleaned thoroughlj' and not 
sutured; patients should be given prophylajds for 
tetanus and antibiotics, preferably penicillin and 
streptomycin, and obscr\’ed carefully. 

Chronic Cutaneous Ulcers 

A partial list of the causes of chronic ulcers of 
the skin includes circulatory disturbances such as 
varicose veins and obliterative arterial disease, ex- 
tensive injuiy from frost bite or bums, trophic 
changes accompanying many neurologic disorders, 
bedsores, or decubiti, systemic diseases sutdi as 
sicklemia and myocedema, neoplasms, and several 
infections of mycobc and spirochetal origin. No 
matter what the underlying disease responsible for 
the lesion, secondary infection is very likely to 
occur and to interfere with healing, complicate 
grafting or other restoratn e procedures, or produce 
e.ttension of the process. 

The management of secondary bacterial infec- 
tion in skin ulcers associated with obliterative arte- 
rial disease, a common problem in diabedcs, is es- 
pecially important, because infection is frequently' 
the factor fet precipitates spreading gangrene and 
makes amputation necessary. 

Studies of Uie microOora of chronic cutaneous 
ulcers have almost invariably shown bacteria of 
many species including staphy'lococci, aerobic and 
anaerobic streptococci, coLfonn bacilli, and mem- 
bers of the proteus and pseudomon.as groups. De- 
pending upon the patient’s environment and upon 
systemically or locally administered anbmicrobial 
drugs, the predominating bacterial species show 
great variation when lesions are cultured serially. 
Particularly' noteworthy is the replacement of sensi- 
tive organisms by resistant strains or species in the 
course of chemotherapy'. 

Treatment of chronic dermal iJcers should be 
directed toward the underly’ing disorder but should 
also include local debridement and chemothcrafiy. 
Debridement by surgical e.xcision is often needed, 
but the local application of proteolytic en^Tnes 
such as Varidasc, a mcxlure of streptokinase and 
streptodomase, or trypsin, so-called "chemical or 
medical debridement,” is sometimes sufficient. 
Intensive systemic administration of antibiobes 
should be carried out only in conjunction with 
definitive surgical procedures or when infection 
be conboUed in no other w’ay, but the pre- 
vention of infection by “prophylactic” administra- 
tion of antimicrobial drugs is a hopeless task- The 
result will be the development of a flora resistant 
to the drugs being used. The local application of 
antibiotics is sometimes highly' effective, and it is 
in the management of chronic mixed infections of 
this type that several potent but toxic antibiotics 


hax’e great value. The topical use of an ointment 
or solution containing neomycin, bacitracin, and 
polymy'xin results in a bactericidal effect against a 
wide variety of organisms and vv’fll sometimes tem- 
porarily sterilize a chronic lesion. Other useful 
topical medications are Furacin and 3 per cent acetic 
acid, the latter being especially helpful in pseudo- 
monas infections. 

Diphtheritic ulcer of the slda is discussed on 
p 984. 

Infections of the Head and Neck 

Mention may first be made of the peculiar dan- 
ger of pustules of the nose and upper lip because 
of the bkehhood of e.xtension of infection intra- 
craniaUy' through tlie angular vein to the cavernous 
sinus (see p. 1046). Such lesions should be treated 
conservatively, manipulation or incision being 
av'oidcd if possible, and systemic antibiobes being 
given if local swelling or redness appears 

Suppurative parotitis is usually a comph'cabon 
of chrome debilitating disease or blockage of Sten- 
sen’s duct by a calculus and is largely avoidable by 
maintenance of hydration and oral hygiene. Its 
onset is heralded by’ local pain and swelling; fever 
and chills are frequent. Frank pus can sometimes 
be expressed from the duct, and the gland itself 
is firm and tender, often with pittmg edema of the 
overlying skin. In sev ere cases there may bo facial 
pal^ on tlie involved side. Removal of any ob- 
struction in the duct, application of heat, and ad- 
ministration of antibiotics sometimes leads to 
prompt subsidence of local and sy’Stemic signs 
However, incision is still required in many cases, 
and failure of a patient to respond promptly to 
these more conseriatiie rneasures is an indication 
for surgical drainage. Abscess formation may be 
far adv-anced without there being delectable fluc- 
tuation because of the dense fibious capsule of the 
gland. Before chemotherapy was available, the mor- 
tality rate in pyogenic parotitis was 30 to 50 per 
cent. 

The use of penicillin and other antibiotics has 
reduced the incidence of many formerly common 
suppurative complications of streptococcal pliarym- 
gilis (see p. 908). However, as a result of strepto- 
coccal sore throat, bacteroides infections of the 
pharynx (see p. 937), or inboduction of infection 
by trauma to the floor of the mouth or the pli.n- 
lyngeal vvall, abscesses of the deep cervical struc- 
tures still occur. Suppuratice cervical adenitis, once 
an all-too-common sequel to sbeptococca! pliaryn- 
gihs in children, is now rare. Peritonsillar abset^s. 
or quinsy, is manifested by fever, sore throat, uni- 
lateral pain radiating to the ear on sw allowing, and 
enlargement of the tonsil with redness and swtlhni; 
of the adjacent soft palate. Treatment with penicil- 
bn and irrigations of warm saline sometimes Ic.ids 
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lion reveals fluctuation, surgical drainage with or 
without tonsillectomy is indicated. 

The course of deeji ccrdcal infections is fully as 
dependent upon the anatomic arrangement of 
fascial planes as is tliat of infections of the hand. 
There are five important potential compartments 
in the anterior neck; these are described in detail 
in the article by Barnhill listed at the end of the 
chapter. Infection in any of these areas is serious 
and attended by fever, prostration, and leuVocj'to* 
sis. A tender mass may be palpated, but it is to be 
emphasized that surgical evacuation of such an 
infection should not he dela\jcd becoiisc of failure 
to detect fluctuation, which is usually absent be- 
cause of the dense fascial layers. 

InfccUon of the sublingual space, so-called "Lud- 
wigs angina," is characterized fay brawny indura- 
tion of tho submaxillar)’ region, edema of the floor 
of the mouth, and elevation of the tongue. There is 
severe pain, dysphagia, and, within hours, dyspnea 
from respiratory obstruction. The usual causative 
organism is the streptococcus. Mortality was for- 
merly about 50 per cent. Treatment consists of 
large doses of penicillin and careful observaUon. 
If there is significant progression of obstruction 
during the 4 to 6 hr after treatment is instituted, 
wide incision is indicated for relief of pressure; 
rarely is there extensive suppuration. 

The retrophar>’ngeal space lies between the mus- 
cles anterior to the cervical vertebrae and the 
pharyngeal mucosa. Retrophartjngeal abscess, for- 
merly common in children, is manifested by dys- 
phagia, progressive stridor, pain, and fever. 1116 
bulging mass is easily seen and can completely 
occlude the airway within hours. Incision and 
drainage are mandatory, spontaneous rupture can 
lead to death by aspiration. Tuberculous abscess, 
spcomhry to spina) disease, occasionally prosents 
in the rctrophar)nigeal space; it is painless, and 
relief of obstruction follows surgical incision. The 
pharvaigomaxillary and submastoid spaces lie high 
and lateral in the neck, the latter slightly pos- 
teriorly. Suppuration in the submastoid space, a 
Bczold abscess, is usually secondary to otitis and 
produces nuchal rigidity, which may lead to a mis- 
taken diagnosis of otogenous meningitis. Infection 
can extend down the carotid sheath to the medi- 
astinum. A suppurative thrombophlebitis of the jug- 
ular vein usually accompanies this type of spread, 
and the vessel is easily felt as a tender cord Bac- 
teremia and systemic spread of infection makes this 
a dangerous complication; there are many who 
advocate excision of Uio involved venous segment. 
Spontaneous rupture of the carotid artery and 
1 death from exsanguination is a rare compli- 
nn of Infections of this t)po. 


The majority of splenic abscesses are produced 
by licmatogcnous dissemmation of infection from 
a focus in the skin, endocardium, or elsewhere. 
Trauma to the spleen with formation of a sufa. 
capsular hematoma or bland infarction of the organ 
can lead to infection in the course of transient 
bacteremia Occasionally, extension of a nearby 
infection (usually left subphremc abscess), or per- 
foration of the colon or stomach into the spleen 
is the source. Onset is sudden, with chills, fevcr, 
and left upper quadrant pain. Tliere is tenderness 
and muscle spasm, and the skin and subcutaneous 
tissues overlying the spleen may be edematous. In- 
volvement of the upper pole commonly leads to 
left pleuritic pain, radiating to the shoulder, with 
elevation of the diaphragm or left pleural effusion. 
Lower pole abscess gives signs of peritoneal inflam- 
mation. The spleen is usually palpable and tender; 
a friction rub is often audible. Disorders to be 
considered In differential diagnosis are subphrenic 
abscess, infection of the left lung, bland infarction 
of the spleen, pancreatic pseudocysl. and abscess 
secondary to perforation of the transverse colon 
Treatment consists of antibiotics, and splenotomy 
or, if the organ is easily mobilized, splenectomy. 
If the abscess is a complication of generalized 
pyogenic infection, immediate surgery may be con- 
traindicated. Splenic infarction in subacute bac- 
terial endocarditis caused by Streptococcus viridans 
almost never suppurates, but in endocarditis, in- 
fected splenic infarcts are a rare cause of continued 
bacteremia in the face of massive chemotherapy, 
and splenectomy may then be the treatment neces- 
saiy to achieve the final eradication of the or- 
ganism. 

Subphrenic Abscess 

Peritoneal infections show a striking tendency to 
localize in the upper part of Uie abdomen between 
the transverse colon and the diaphragm. In a few 
instances, suppuration in this area seems to be 
hematogenous In ongin, but the vast majority of 
subphrenic abscesses are the result of extension 
from perforations of the gastrointestinal tract or 
from biliary tract infections. The most frequent 
sources of infection are appendicitis, perforations 
of the stomach and duodenum, and ascending 
cliolangitis. Any patient u-ith persistent fever and 
a history of recent intraabdomina! sepsis should he 
suspected of luiving a subphrenic abscess. In con- 
siderably more than half of the cases, the patient 
has undergone recent laparotomy. The avenues by 
which infection reaches the subphrenic region are 
the same as those described for hepatic abscess 
(p. 169S) and appendiceal abscess (p. 1036). Sub- 
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phrenic abscess is at least five times more frequent 
on the right side. 

The manifesialions include fever, upper quad* 
rant pain, and tenderness. The localizing signs are 
by no means striking in all cases, however. It is 
becoming evident Uiat the widespread practice of 
“covering postoperative patients with antibioUcs 
prophylactically can attenuate subphrcnic infection 
without eradicating it and that the result may be 
an insidiously progressive illness with weight loss 
and low-grade fever beginning weeks or montlrs 
after a laparotomy. Faton has emphasized the fol- 
lowing findings in the diagnosis of subpbrenlc in- 
fection: point tenderness over the lower ribs; ten- 
derness of the area when the lower nb cage is 
compressed or percussed; elevation and fitation of 
the diaphragm, confirmed by x-ray; other signs of 
diaphragmatic pleurisy such as pain referred to 
the shoulder, hiccups, or pleural effusion. X-rays 
will show an air-fluid level beneath the diaphragm 
eventually in about one-fourth of the cases, but 
this finding is less frequent in early abscess. The 
gas is usually from a perforated visais or enters 
through an external sinus and is only rarely the 
result of bacterial multiplication. 

In the presence of frank suppuration, the treat- 
ment is surgical drainage. Actually, there are sev- 
eral subphrcnic "spaces," anterior and posterior, 
and the exact incision employed is dependent upon 
the compartment involved. Often, subphrcnic in- 
fection becomes evident before suppuration ensues, 
and such cases of subphrcnic ccUuUtls often subside 
without drainage, antibiotics alone being sufficient 
to control the process. It is important to avoid in- 
cision of an area of siibilmphragmatic cellulitis, and 
many surgeons prefer to explore the area by needle 
aspiration before operation. 

nelropcriJoneol Infections 

Strictly speaking, all perinephric and many sub- 
phrenic abscesses arc located outside the peri- 
toneum, but the term retroperitoneal abscess usu- 
ally refers to infection in the lumbar and iliac 
regions. Suppuration in these areas is relatively 
rare, but the importance of recognizing its exist- 
ence in patients with fev'er and low back pain in 
terms of instituting surgical drainage is great. In 
the review of retroperitoneal infections published 
by Ncuhof and Amheim, listed in the references at 
the end of this chapter, the average duration of 
illness in 65 patients before diagnosis was approid- 
mately 1 month. 

Infection in the retroperitoneal spaces appears 
to arise rather frequently as a complication of bac- 
teremia, particularly in staphylococcal disease. 
Other sources are extension from posterior perfora- 
tions of the appendix or colon, renal or spinal in- 


fections, and suppurative lymphadenitis in the iliac 
area, usually secondary to streptococcal infections 
of the lower extremity in children. 

In lumbar abscess, there is tenderness and spasm 
of the back muscles on the affected side, and a 
mass is usually palpable in the lumbar region or 
in the abdomen. Tliere may be a prominent, tender 
abdominal mass without lumbar pain or spasm. 
Flexion of the hip (psoas sign) occurs in a few 
cases but is more often present with infections 
lower in the retroperitoneal area. Fcocr, hukocyto- 
sis, and lumbar spasm should suggest the diagnosis. 
The absence of a palpable mass can lead to pro- 
tracted observation, and it is in these instances 
that palpation under anesthesia is often helpful. 

In iliac abscess, there is abdominal pain in the 
iliac or inguinal region and, particularly when the 
psoas muscle is involved, there may be severe pain 
referred to the hip, thigh, or knee. Careful palpa- 
tion of the lower abdomen usually reveals a mass, 
and fullness and tenderness on rectal examination 
ore common. Hip spasm (psoas sign) is often pres- 
ent. 

X-ray may delineate tho inflammatory mass; pye- 
lography shows displacement of the kidney in 
some cases of lumbar infection, scobosis with con- 
cavity on the side of the infection and blurring of 
the psoas shadow are also useful findings. 

Treatment consists of surgical drainage and ap- 
propriate antibuotic therapy. 

ftcnal Abscess 

Single or niultipJe abscesses of the renal cortex 
arc almost invariably the result of metast.'itic im- 
plantation of staphylococci from another focus It 
is believed by many that the infection is initiated 
in glomeniL'. There is no relationship to previous 
rend disease; the infection occurs in younger indi- 
viduals. is usually unilateral, and occurs on the 
right side oftener thnn the left. Many patients give 
a history of recent superficial infection such as 
furuncle. The onset is abrupt, with chill and fever, 
followed by costoverte.bral pain and tenderness of 
moderate seveu-ity. Thf urine contains no white 
cells, usually a few red cells, and a trace of albu- 
min. Stained urinary sediment will show myriads of 
gram-positive cocci, and this finding is diagnostic. 
Transient gross hematuria can occur at the onset 
The white blood count is usL’ally elevated and may 
exceed 30,000 cells per cu Physical signs are 
usually localized to the region of the kidney, but 
abdominal spasm can lead to con.^usion with appen- 
dicitis or cholecystitis. Early in the’ disease, ureteral 
calculus or acute hydronephrosis may be consid- 
ered as possible diagnoses. Sudden onset of fever, 
leukocytosis, and renal pain in the' absence^ of 
pyuria suggest the diagnosis, espe-dally in a patient 
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with infection elsewhere. Treatment consists of ap- 
propriate antibiotics, adequate fluids, and relief of 
pain. An abscess may suddenly discharge into dwj 
renal pelvis with relief of pain and the passage of 
cloudy urine containing enormous numbers of leu- 
kocytes and bacteria. ComjJications include forma- 
tion of a thick-walled chronic renal “carbunde” 
requiring surgical removal, rupture into the peri- 
renal space, and secondary pyelonephritis, usually 
produced by cohform bacilli. Recovery is ordinaiAy 
prompt and chronic sequelae are rare. 

Perinephric ahsccss is virtually always secondary 
to infection elsewhere m the body, usually super- 
ficial staphylococcal or streptococcal infection. The 
perirenal tissue may be seeded directly in the 
course of bacteremia, by rupture of a rend cortical 
abscess into the perinephric space, or by chronic 
pjclonephntis, particularly when renal calculus or 
pyonephrosis is present. Flank pain with radiation 
to the upper abdomen or even the shoulder, nau- 
sea, vomiting, fever, leukocytosis, tenderness with 
spasm of flank and upper abdominal muscles, and 
a palpable mass whicli moves with respiration are 
the mam manifestations. Except where there b pre- 
existing pyeloneplintis, perinephric abscess is not 
accompamed by urinary symptoms. In a few pa- 
tients, elevation of the diaphragm on the diseased 
side oceuis and leads to confusion with subphrcnic 
infection. The psoas muscle is Invoked by the in- 
flammatory process, and patients are frequently 
more comfortable w'ith the thigh held in flexion. 
X-ray occasionally will re\‘eal a mass; there Is usu- 
ally blurring of the kidney silhouette; and the psoas 
shadow is indistinct on the involved side. Treat- 
ment by surgical drainage and systemic administra- 
tion of antibiotics (not urinary antiseptics) is usu- 
ally followed by dramatic subsidence of pain and 
/ever, and unless intrinsic renal disease is present, 
recovery is complete. 

Rectal Abscess 

Suppurations of the anorectal region have been 
classified anatomically in several ways, most of ibe 
classifications being based upon the surgical ap- 
proaches required for drainage. Infection in the 
apocrine glands (hidradenilis) or folliculitis in the 
perianal region, extension of cryptitis or obstruc- 
tions in the "anal glands" which open into the 
ciypts of Morgagni, and contamination of submu- 
cosal hem.'itomas, sijerosed hemorrhoids, or anal 
fissures can lead to abscess formation. Tliese are 
usu.ilJy painful, easily p.ilpable, often visible on 
inspection, and yield readily to hot applications 
•jind drain.ige. 

J* DifEculties in diagnosis are more likely to arise 
infections higher in the rectum, especially 
^ those above the pelvic diaphragm, the types dial 


Gaston and M’arren have called supralcvator ab- 
scess. Patients with thb type of infection often have 
fever, mabise, and leukocytosis for several days or 
cv’en weeks before any sjTnptoms referable to the 
rectum develop. There is vague pelvic discomfort, 
relieved by defecation, and constipation punctu- 
ated by short episodes of diarrhea b common. In 
males, the inflammation often involves the base of 
the bladder, and urinary urgency and, finally, re- 
tention IS not infrequent. This, of course, centers 
attention upon the urinary tract as a source of fever 
and malaise. Eventually, the abscess becomes 
known by severe pain, dulls, and fever; palpation 
and instrumentation will reveal the swelling in the 
rectal ampulla Such an abscess can surround the 
rectum and produce narrowing that is diSerenti- 
ated from that caused by neoplasm by the fact tliat 
the mucosa remains intact. A useful sign of deep 
rectal abscess is the eliciting of severe pain by 
pressure in the region between the anus and the 
cocc)'x. The supralcvator space is continuous with 
the ischiorectal space, with both the gluteal and 
obturator regions, and with tlic retroperitoneal 
space. In neglected cases, the abscess may drain 
through the skin of the perineum, the groin, or the 
buttock or m.-ty extend as high as the perirenal 
areas. Rectal abscesses are not uncommon in pa- 
tients with diabetes, and infections in this area arc 
also peculiarly frequent in patients with monooilc 
leukemia. Because the clinical picture may be that 
of “fever of unknowm origin” for a long period, it 
is important that thorough digital and endoscopic 
examination of the rectum be carried out in febrile 
patients. A rectal examination should be made in 
all patients with diabetes, espeekdly if ketosis is 
present; failure to observe this rule has more than 
once led to delay in detecting the infection respon- 
sible for diabetic ketosis or coma. 

Treatment consists of incision and dr.iinage, hot 
sitz baths, analgesics, and penicillin and strcplo- 
m)’cin or other antibiotics as indicated by culture 
of Uic exudate. 
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■J Cn PYELONEPHRITIS AND 
-Lo'Vy OTHER INFECTIONS OF 
THE XmiNrVRY TRACT 
Paul B. Beeson and 
Lawrence R. Freedman 

Bacterial infections of the urinary tract consti- 
tute one of the major medical problems, encom- 
passing all fields of practice. They’ may present 
themselves as primary acute infectious diseases, as 
complicatious of other disorders, or as chronic 
symptomless processes chiefly dangerous because 
of the threat of destruction of the Udney. Tliey 
are notoriously resistant to treatment and prone to 
relapse and recurrence. 

Etiology, Many’ different microorganisms can in- 
fect the tissues and fluids of the urinary’ organs, 
but by far the commonest are the coli-acrogenes 
group of gram-negative bacilli. Other microor- 
ganisms which may be found include enterococcus, 
proleus, pseudomonas, chromobactcria, staphylo- 
coccus, and certain yeasts. Infection by other than 
the coli-aerogenes organisms is generally related to 
previous instrumentation of the urinary tract, until 
or without the use of chemotherapeutic agents 
Proteus and pseudomonas urmary infections, for 
example, are virtually never seen except in p.iticnts 
who have had catheters or other instruments p.isscd 
through the urethra. The relative importance of 
staphylococcal infecb’ons has probably been cx.ig- 
gerated in the past, because of the prevalent cus- 
tom of culturing urine only in a liquid medium, a 
procedure which negates any possibility' of cslimal- 
ing the numbers of bacteria present in a given 
quantity of urine. Since staphylococci .are c-om- 
monly present in the urethra, they’ m.iy therefore 
be recovered in such cultures. The employment of 
quantitative bactcriologic techniques reveals that 
staphylococci play a minor role in the total problem 
of urinary tract infection. 

Pathogenesis. Sources of Infection. The entire 
urinary' tract should be looked upon as an anatomic 
unit in which infection of one part can c.ivily 
spread to anotlicr. While it is probable that the 
source of infecting bacteria is the intestinal tract, 
there is «>nsidcnible disagreement ieg.mhng the 
routes by which microorganisms usually get from 
there to the urinary tract. One view holds it fn lie 
by vvay of the circulating blood; another favors the 
concept that bacteria gain entry by v..ny of the 
urethra and pass upward to tlie kidneys through 
the bbddcr and ureters. The latter seems espe- 
cially plausible as an explanation of the far gn-ater 
frequency- of spontaneously' occurring infections in 
females, since the short urethra and its niMnievs to 
the anus should provide more opportunity for fical 
bacteria to reach the bladder cavity. A third hy- 
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pothesis, that lymphatic connections between the 
bowel and the urinar)' tract or between the lower 
and upper urinary tracts are important avenues for 
spread of infection, has httlc to support it. On the 
basis of clinical correlations there is much ex'id^ce 
favoring the view that the ascending route, I e., 
lov^'er to upper urinary tract via the urinary pas- 
sages, is tlie most important one. The possibility 
remains, however, that bacteria occasionally are 
carried to the kidney by way of tlie blood stream, 
thus inciting an infection which later spreads 
downward along the course of urinary flow. 

Associated Conditions, ace and sex. Precise esti- 
mates cannot he given, hut it can be said with as- 
surance that urinary tract infections are far more 
frequent in females than in males except in older 
age groups, where prostatic obstruction accounts 
for a high inddence in men. There is also a high 
incidence in children between the age of six 
montlis and two years, especially girls, this is 
tliought to be related to fecal soiling of the urethral 
meatus during the diaper period. 

rjiECNANCv. Acute pyeloneplmtis occurs in about 
2 per cent of pregnant women, usually after the 
fourth month, at a time when some dilatation of 
tlie ureters and kidney pelves occurs physiologi- 
cally. Urinary tract infection can be demonstrated 
in about 20 per cent of patients \vith toternia of 
pregnancy. 

DIABETES MELLiTus. Urinary tract infection is 
three or four times as common in diabetics as in 
other persons of comparable age. Factors which 
may contribute to this include the supposed in- 
creased susceptibility to iniection in diabetics, lia- 
bility to catheterixalion, and poor bladder empty- 
ing due to autonomic neuropathy. About half of all 
reported cases of the fulminating form of pyclo- 
nepinYiV ciilfcd mtrrufrznTg fnrpn’t'c/if Auw M 
patients with diabetes. 

onsTBVCTivE uBOPATiiT, Any impediment to the 
free flow of urine-tumor, stricture, or stone — re- 
sults in hydronephrosis and a greatly increased 
frequency of urinary tract infection. Autopsy statis- 
tics indicate that pyelonephritis occuFs about a 
dozen times more often when there is hydrone- 
phrosis than when the kidneys show no sipr of 
increased hydrostatic pressure. 

iNSTBUMENTATiON. Infcction of Uic lowcr unnaiy 
passages is sometimes initiated by bacteria carried 
on catheters or other instruments being passed 
through the urethra into the bladder. 

METABouc DisoBDEBs. There appears to be an 
unusually high incidence of pyeloiiephritis in pa- 
tients with nephrocalcinosis and in those with 
liromc hjpopotassemia. The relation of the latter 
^obscure; in nephrocalcinosis the important factor 
lay be production of tubular obstruction by die 
eposits. 


NeuRocEN'ic BLADDER DYSFUNXTioN. Interference 
with the nerve supply to the bladder, as in spinal 
cord injury, tabes dorsalis, multiple sclerosis, etc. 
is likely to be associated with urinary tract infec. 
Uon. The infection may be initiated by the use of 
catheters for bladder drainage and favored by th^ 
prolonged standing of urine in the bladder. Addi, 
tional factors which often operate in these patients 
are bone demincraliz.ation due to immobilization, 
causing hypercalcuria, calculus formation, and ob. 
structivc uropathy. 

EXPEBiMENTAL EVIDENCE. Urinary tr.ict infections 
can be produced in experimental animals by sevv 
erul methods, including inoculation of bacteria into 
the pelvT's or substance of the kidney, or into th$ 
bladder urine. Certain organisms such as staphylo, 
cocci and monilias are capable of causing infectiori 
in the norma! kidney when they are injected by 
the intravenous route. Coliform organisms wall not 
do this unless the kidney has previously been in. 
jured, as by mechanical bruising or acute obstruc. 
tion of the ureter. It has also been shoum that tha 
renal scarring resulting from a staphylococcal infcc. 
tion can render the kidney susceptible to infectiori 
by colon bacilli injected intravenously. 

The frequent association of urinary tract infecs 
tion with an obstructive lesion has led to the wide. 
Spread view that stasis of urinary flow is a prime 
factor in the development of infection. In support 
of this is the fact that urine is a good medium for 
grmvth of bacteria; hence, prolonged opportunity 
for multiplication during slow passage along the 
tract would provide a hca\ier inoculum to which 
the kidneys and other tissues of the tract are e*^ 
posed This concept is the basis for the custom of 
“forcing fluids” in treating urinary infections. There 
may be an additional factor to explain the associ’a. 
6bn ieriveen obstrueftbn ancf urinary ihfecftbn: rfre 
effect of increased hydrostatic pressure. One can 
cite several examples where clinical experience 
demonstrates that blockage to an excretoiy duct 
seems to render an organ more susceptible to the 
development of pyogenic infection. For instance, 
bacterial cholangitis is seldom encountered e.tcept 
when there is obstruction to the bil/arj' passages 
It seems unlikely that the mere flushing out of 
bacteria in the excretory fluid could be the sole 
factor of protection against these infections. To 
assess die relative importance of stasis and in- 
creased pressure is difficult, since slo%ving of flow 
of the fluid is an inevitable accompaniment of ob- 
struction and dilatation of the passages above the 
level of obstruction. It can be said with assurance 
that, even when a profuse diuresis is obtained in a 
patient with partially obstructed urinary tract, this 
addoin achieves cure of an infection, whereas relief 
of the obstruction, with or without diuresis, fre- 
quently is followed by subsidence of infection. 
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In urinary tract infection, two different areas are 
interacting: the tissues and the urine itself. On the 
basis of animal experiments and clinical observ’a- 
tions it seems clear that infection begirming in one 
can spread to the other. The complexity and extent 
of the urinary system may be responsible, then, for 
the tenacity of infection in it. One conceives of 
chronic pydonephritis as an indolent process con- 
sisting of many isolated microabscesses, some of 
them within single tubules. Here bacterial gro\vth 
may be slow, phagocytosis inefficient, and anti- 
bacterial drugs may not be capable of exerting 
optimal effect. Yet such areas may, from time to 
time, discharge their contents into the urinary 
passages, affording opportunity for rapid bacterid 
multiplication and spread to other parts of the 
system. In the urine phagocytosis is probably even 
less effective than it is in tissues, and elimination of 
bacteria may call for more than simple bacteriosta- 
sis. This line of reasoning leads to the conclusion 
that optimal results in drug treatment require the 
use of an agent or a combination of agents capable 
of killing the infecting bacteria both in the tissues 
and in the urine. 

Manifestations. Cystitis is accompanied by pa- 
thognomonic local symptoms: frequency and ur- 
gency of micturition, and burning pain felt in tbe 
urethra during and immediately foUowing the act. 
Cystitis alone almost never gives rise to promi- 
nent systemic manifestations of infection such as 
fever above 101®F, muscular pain, nausea, vomit- 
ing, and prostration, and when present these should 
cause the physician to suspect concomitant Infec- 
tion in the kidney, prostate, or some other part of 
the body. 

The symptoms of acute pyelonephritis generally 
develop rapidly, over a period of a few hours or 
a day or two. The characteristics are aching pain 
in one or both lumbar regions, and fever which may 
be high (103 to 105®F), often wth one or more 
shaking chills. There may be nausea, vomiting, and 
diarrhea or, occasionally, constipation. Symptfims of 
cystitis are usually associated, and either one may 
precede the other. 

On physical examination, in addition to fever and 
some generalijed tenderness of the muscles, the key 
finding is tenderness on deep pressure in one or 
both costovertebral areas or on bimanual palpation 
of the kidney region. Occasionally, even this sign 
is absent in acute pyelonephritis. 

Except in individuals with ureteral obstruction, 
as by stone, the manifestations of acute pyelone- 
phritis usually subside within a few days, even 
Without specific antibacterial therapy, the patient 
becoming symptom-free, although laboratory tests 
may show that bacteriuria xvith or without pyuria is 
still present. It would seem, therefore, that after the 
first acute inflammation in the renal parenchyma. 
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with swelling and perhaps intermittent plugging of 
the ureter by inspissated pus to account for the 
pain, there ensues a change in cliaracler of the dis- 
ease, with the parenchymal infection going over to a 
more mdolent process involving many small foci 
in the kidney substance, but with continuing growth 
of bacteria in the kidney pelvis and the descending 
luinary passages. 

Undoubtedly some individuals recover completely 
and permanently after an attack of acute pyelone- 
phritis, but in a considerable proportion of cases 
there are repeated attacks, at irregular intervals, 
sometimes over a period of many years; between 
these the patient is symptom-free. It is possible, 
however, that bacilluria and pyuria could bo dem- 
onstrated during these free intervals, if looked for 
repeatedly. The important point to be stressed is 
that infection in any part of the urinary tract is 
capable of subclinical continuation, which may per- 
sist for months or years and which, in tlie kidney, 
eventually may cause serious destruction of essential 
tissue. Such a patient may exhibit no symptoms and 
may live an apparently normal Hfe for long periods, 
even though urine examination gives continuing 
evidence of active infection This is the feature 
which makes it so treacherous and such an im- 
portant cause of serious renal disease. 

In the chronic, progressive form of pyelonephriUs 
there are no distinctive manifestations until one of 
the serious complications makes its appearance, i e , 
renal failure or hypertension. Before this time, there 
may be some lassitude, lack of energy and mild nor- 
mochromic anemia. Occasionally, patients with 
long-standing pyelonephritis are found to have 
large spleens, the pathogenesis of which is obscure. 

Laboratory Findings. In acute pyelonephritis 
there is a polymorphonuclear leukocytosis; in cysti- 
tis and in chronic urinary tract infection tbe white 
blood cell picture is normal. The urine sediment 
in acute pyelonephritis or cystitis usually reveals 
numerous leukocytes occurring singly, in clumps, 
and in casts, and occasionally some red blood cells. 
Sometimes there is gross hematuria. Bacteria can 
easily be demonstrated by suitable stains. In chronic 
infections of low-grade actmty, diagnosis may be 
very difficult on the basis of urine sediment. There 
may be a few pus cells, or they may he found only 
intermittently during repeated urinalyses Special 
stains for the so-called “glitter cell” are thought by 
some to be of value in pointing to the presence of 
chronic pyelonephritis, dtliough the demonstration 
of this cell cannot be regarded as diagnostic 

Culture of the urine is the most important c/iag- 
nostic procedure. In acute pyelonephritis b.ictcria 
ate nearly always demonstrable in large numbers, 
sometimes hundreds of millions of them per milli- 
liter. In subacute and chronic infections bacteria 
may appear in tbe urine intermittently. Inasmuch as 
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urine cultures may be contaminated by smaQ num- 
bers of bacteria lying in the urethral canal even in a 
specinien obtain^ by catheter, it is important that 
the laboratory employ some quantitative method for 
determining the number of organisms present in 
the urine, and that the urine be cultured on a solid 
medium, in order to estimate the relatis’e preponder- 
ance when mixed growth is obtained. A rough quan- 
titative estimate of the situation can be made by 
means of a Gram stain on unccntrifuged fresUy 
voided urine. If bacteria can be found by this 
method, ft can be assumed tliat the number present 
is greater than ^■ould he expected to occur as a 
result of uretliral contamination. If quantitative cul- 
tures reveal more than 10,000 bacteria per miUiliter 
of fresldy passed urine, it can be assumed that 
active infection is present. If less than 1,000, they 
are LVely to be of no significance. Between these 
two figures one cannot draw a positive conclusion. 
Intravenous ptjelogram may be of value in the diag- 
nosis of pyelonephritis, evidenced by an asymmetry 
between the kidneys as Judged by tlieir size and 
the density of the renal shadows. This, of course, is 
a reflection of tlie patchy distribution of tlie pyelo- 
nephritis lesion. It is said also that careful radio- 
grapliic studies will show hypolony of the calyxes, 
pelvis, and ureters in a liigh proportion of these 
cases Biopsi/ of the hdneij by needle may be the 
only means of demonstrating low-grade pyelone- 
phritis, but its value is also limited by the spotty 
distribution of the lesions. 

Treatment. The soundest approach to treatment 
is based upon a conception of the urinary tract as 
a complex system wherein infection introduced into, 
or persisting in, any one part may spread to all the 
others For example, certain drugs which have been 
recommended for treatment of urinary tract infec- 
tion appear to be capable of acting only in urine. 
These, wliich include raandehc acid, Urotropln, 
and nitrofurantoin (Furadantin), often suppress 
but do not eradicate infection. The antibiotics are 
generally also effective in tissues, although some 
are more likely to exert a bactericidal action than 
others. Sulfonamides are principally bacteriostatic. 
Another essential principle in management is to 
consider what factors in the patient may be con- 
tnbuting to the infection, such as obstruction, faulqr 
bladder innervation, diabetes, etc.; these were men- 
tioned in a preceding section. Relief of obstruction 
or correct m-magement of diabetes may be the 
essential factor in eradicating the infection. Al- 
though no further space will be devoted to tha 
aspect of treatment, its importance cannot be over- 
emphasized 

n antibacterial therapy, best results are obtained 
En tlicre is individualization of the treatment, 
lertisements and medical articles which describe 
effectiveness of any one agent in the treatmeot 


of urinary infections arc misleading. Theie is a wide 
choice of agents which may be used, and the best 
results are obtained bj' employing the therapy 
suited to the microbes operating in the individual 
patient. 

In view of tlie varying conditions under which 
bacteria grow in urine and in urinary tract tissues, 
It seems probable that tlie ideal chemotherapeutic 
attack is to employ a form of treatment which is 
callable of bactericidal, not simply bacteriostatic, 
action. Determination of possible synergistic or 
antagonistic effects of combinations of agents on 
the bacteria to be attacked is sometimes necessaiy. 
Streptomycin is perhaps the most valuable of all 
agents available, its main defect being the rapidity 
\nth whicli bacteria develop resistance to it; this 
defect can be lessened, however, by giving strepto- 
mycin in combination with another antibiotic such 
as tetracycline. Enterococcus infections may yield 
to a combination of penicillin and streptomycin. For 
proteus infections, the antibiotics most likely to be 
beneficial are penicillin in massive doses or neo- 
my'cin. For pseudomonas infection, polymyxin may 
be required. Since the use, contraindications, dos- 
ages, etc., cl these agents are covered in detail in 
another chapter (p. S68), they will not be repeated 
here. 

In view of the nature of urinary tract Infection, 
it seems possible that prolonged treatment, for from 
2 weeks to several months, might be ideal. This, 
however, is impractical in many situations. Never- 
theless. every effort should be made to administer 
the appropriate drug or drugs for 7 to 10 days, no 
matter how prompt the symptomatic response may 
be. It is essential to obtain follow-up urine cultures 
several months after discontinuing of treatment, to 
avoid overlooking smoldering asymptomatic infec- 
tion with its potentialities for eventual development 
of serious disease. It is unwise to employ catheter 
specimens for these follow-up examinations, since 
they may actu.ally cause reinfection of the urinary 
tract and are not wholly reliable as methods of 
obCainmg uncontaminated urine from the bladder. 
With proper care it is possible to obtain suit-able 
“clean-voided” specimens of urine from females as 
well as males. 

Prognosis. It is usually possible to obtain a dra- 
matic cessation of symptoms in the treatment of 
acute urinary tract infection not complicated by 
other diseases. The dangerous feature is persistence 
of chronic asymptomatic infection which will grad- 
ually destroy the ladney or lead to development of 
hypertension (p. 1346). It is not possible to state 
what the risk is that a simple cystitis may spread 
to one or both kidney's and it is often extremely 
difficult to decide whether infection is limited to the 
lower urinary tract. Nevertheless, the fact that a 
significant proportion of patients coming to autopsy 
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show evidence of pyelonephritis and some degree 
of renal damage indicates the great importance of 
this problem. In patients \vith some of the com- 
plicating diseases mentioned above, particularly 
neurogenic bladder, irremediable ohstrucUon, or 
multiple stones, eradication of urinaiy' tract infec- 
tion IS exceedingly difEcuU, if not impossible. Even 
here, however, tlie extent of the process can be 
minimized by comprehensive care, including sur- 
gical measures, prevention of stone formation, and 
appropriate chemotherapy guided by reliable lab- 
oratory procedures. 
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IK I BACTERIAL 
IJl ENDOCARDITIS 
Paul B. Beeson 

Bacterial endocarditis includes a variety of clin- 
ical syndromes, some of ts’hich pursue a rapid and 
acute course whereas others evolve slowly over a 
period of many months. By far the commonest type 
of bacterial endocarditis is the subacute variety 
caused by streptococci of the viridans group. 

SUBACUTE BACTERIAL ENDOCARDITIS 
DUE TO VIRIDANS STREPTOCOCCI 

Definition. This is a prolonged, febrile, often 
fatal disease, resulting from streptococcal infection 
of a heart valve, characterized by fever, heart mur- 
mur, splenomegaly, embolic phenomena, and bac- 
teremia. 

Etiology. The viridans group of streptococci in- 
cludes several different varieties {p. 922). Those 
\\hicli are important causes of subacute bacterial 
endocarditis are Streptococcus salivarhis, S. milis, 
and S. bocis, normally present in the mouth; the 
enterococcus S. fecalis normally present in the in- 
testinal tract; and S. sanguis, which has been en- 
countered mainly in cases of bacterial endocarditis. 

Pathogenesis. In the great majority of cases, bac- 
terial infection is established on a \'a]ve which has 
been previously damaged by rheumatic fe^•er. 
Changes caused by arteriosclerosis or sy'philis may 
also pro\ide the foundation for this infcctltm. The 
mitral \a]\c is the one most often involved; the 
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aortic is second in frequency. The valves on the 
ri^t side are affected far less often, i.e., in only 
about 15 per cent of cases, including those in which 
the mitral and aortic are also involved. This cor- 
responds with the frequency of involvement of the 
four valves in rheumatic heart disease. \'alves only 
slightly damaged appear to be more frequently af- 
fected than those which are extensively scarred 
This is partly attributable to the fact that people 
live longer with slightly damaged than with severely 
damaged valves, and hence have more opportunit)’ 
to contract the infection; but other factors which 
may play a part include turbulence of blood fiow 
over the v-alv'c, the circulation within the valve, and 
the amount of scar tissue present. It is generally 
agreed that bacterial endocarditis rarely occurs in 
persons with chronic atrial fibrillation. 

Bacterial endocarditis is a frequent complication 
of some forms of congenital heart disease, notably 
p.ilent ductus arteriosus and ventricular septa! 
defect. It rarely develops on an atrial septal defect 
Arteriovenous fistula may be tJie seat of a similar 
process: this is called subacute bacterial endarteritis 
Bacteria must reach the heart valves by way of 
the blood stream. There is abundant evidence to 
show that entry of bacteria into the circulation is 
not infrequent. For example, it is a common occur- 
rence in minor surgical procedures such as tooth 
extraction and tonsillectomy. Bacteremia can occur 
in persons with periapical dental infection simplv 
as a result of grinding the teeth together Ordi- 
narily, such brief episodes of bacteremia are not 
serious, because the organisms are quickly phago- 
cytized by the reticuloendothelial system If, ho«'- 
ever, living bacteria happen to lodge in or on a 
damaged heart valve, the stage has been set for 
the establishment of a grave infection. Tlie manner 
in which a colony of bacteria becomes established 
in such a location is not known with certainty. The 
fact that preexisting deformity of the valve is usually 
a requirement brings up the possibility that rough- 
ening of the endocardial surface or some change in 
blood supply to a VTilve may predispose to implanta- 
tion of the infection. Possibly the bacteria become 
lodged beneath small platelet thrombi on the sur- 
face of a V'alve. Possibly they are earned into a 
valve through its blood supply and deposited be- 
neath the endocardium. In any event, the primary 
site of bacterial growlh is usually near the free 
edge of the valve at the line of closure, and on the 
outfiovv surface. This growth stimulates llie deposi- 
tion of platelets and fibrin and leads to the formation 
of a vegetation. This structure increases m sire and 
may extend onto the adjacent mural endocardium 
Meanwhile, the valve leaflet is undergoing gradual 
necrosis. Cranulation lissvie grows into the vcgclv- 
tion from the valv'c, hut capillaries seldom reach 
the pcriphciv of the infected necrotic area. Nests 
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Fio. 151-1. \Vliite-centcrcd conjunctival petechia in a 
patknt with subacute bactenal entloc.arditis. (Coiirtfsj/, 
Dr. John WedgXLOod, Cambridge, England.) 


of groNving bacteria are scattered through the vege- 
tation; those which are in the avascular outer por- 
tion of the vegetation are protected from phagocy- 
tosis, since leukocytes do not seem able to pene- 
trate the area. This protection from phagocytosis 
may be the prinapal factor wliich permits survival 
of bacteria and persistence of the infection and 
wjjjcli accounts for the unsatisfactory therapeutic 
results obtained with drugs which are only bacterio- 
static. 

Organisms are constantly shed into the blood 
from the vegetation, but their stay in the circulation 
Is very short, since studies have shown tfiat one- 
half to one-third the organisms entci mg the arterial 
blood are removed during each circuit of the body*. 
The principal sites of removal are organs rich In 
rcticuloendollielial elements— i e., liver, spleen, and 
bone marrow. 

Vegetations of bacterial endocarditis are friable, 
and fragments are occasionally broken off by mo- 
tion and the current of blood passing mer them. 
These particles are carried in the bfood to ad parts 
of the body, where they eventually lodge as emboli. 
The d.imagc produced by an embolus depends pnn- 
cipally on its size and tlie vessel which happens to 
receive Jl EmboL which lodge in Ibe brain, in the 
mesentery, or in arteries of the extremities are most 
likely to have serious effects. Those carried into 
the walls of large arteries by vasa vasorum can 
cause mycotic aneurysms which may rupture at a 
later tunc 

II siiould be noted that the infected emboli and 
the free bacteria which are constantly disseminated 
throughout the body very seldom create metastatic 
abscesses The infecting organisms are usually of 
low pathogenicity, and when separated from the 
protection of the vegetation, they are readily* de- 
-stroyed. An exception should be made for cases 
whicli enterococcus is the infecting organism, 

• ’^nfe they may develop suppuration at sites cf 
,'^nibolizjlion, especially* in the spleen. 


The mijocardiuTTt may be the site of a low-grade 
Inflammatory' process which is probably an emv 
bolic myocarditis. The spleen is nearly always env 
larged, and in most instances shows areas of in- 
farction. The kidneys, which, because of their rich 
blood supply*, constantly receive small emboli, show 
changes of focal embolic nephritis. In addition, a 
diffuse glomerulifis is commonly encountered. These 
processes may result in renal insuffidency, which 
can be fatal. 

Manifestations. In about one-third of cases, symp- 
toms begin 1 to 3 weeks after some other illness 
such as acute respiratory infection or septic abor- 
tion, or some operative procedure such os dental 
extraction, tonsillectomy, or urethral instrumenta- 
tion. 

The symptoms and course of subacute bacterial 
endocarditis do not conform to any single typical 
picture, since they depend upon many factors, in- 
cluding the extent of the preexisting valve damage 
and the chance distribution of emboli. The symp- 
toms of congestive failure may be superimposed at 
any time during the course of the disease. 

In only about 25 per cent of cases is the onset 
of symptoms sulBciently dramatic that It can be 
recalled with certainty by the patient. More often, 
the illness begins very insidiously, and the patient 
cannot name the exact lime of onset. The principal 
symptoms are weakness, malaise, feverishness, 
chilis (cccasionaliy), sweating, weight loss, ano- 
rexia, nausea, Joint pains, paresthesias, and paraly- 
sis. 

The patient usually appears chronically ill. The 
skin is pale and sometimes has a tan color, the 
so-callcd cafe cu tail appearance. The sldn may be 
flushed and hot, or it may be vvet with perspiration. 
Tiny petechial hernorrhages may be visible in any 
part of the body; they are particularly evident on 
mucosal surfaces: the conjuncliv'a, the palate, or 
the buccal mucosa. Some of the petechiae in the 
conjunctiva have vvhite or gray centers (see Fig 
151-1), these are considered by many to be of diag- 
nostic signlljcance but are occasionally seen in other 
conditions. A distinctive lesion can sometimes be 
seen in the ocular fundus — the ‘'Roth spot” This 
consists of a circular, or oval, pale area surrounded 
1^ a ring of hemorrhage, usually near the disk. 
(Similar lesions occur in acute myelogenous leu- 
kemia and in septicemia.) Petechiae may be found 
on any area of the skin; they have to be distin- 
guished from other lesions, such as small angiomas 
"Ibe latter usually blanch when pressed with a 
glass slide. It is sometimes helpful to circle all 
suspicious lesions with ink and reexamine them 
later. Old petechiae fade in a day or two, and new 
ones appear in other areas, whereas angiomas do 
not ch^gc. Petechial hemonhages in the nail beds 
usually are located near the dish'd margin and 
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ha\c a linear shape resembling embedded splinters; 
hence the name spUuler hemorrhages. Small, pain- 
ful. reddish or purplish areas in the pulps of the 
fingers (Osier’s nodes) may dcr\'clop during the 
course of the disease; they usually disappear within 
a day or t\\’o. Larger painful erj’thcmatous areas 
may appear from time to time on the palms of the 
hands or soles of the feet. Embolization of small 
arteries in the digits or in the nose occasionally 
produces a local area of gangrene. In cases of long 
duration, clubbing of the ^ngers is lihely to be 
present. Examination of the heart reveals the signs 
of the preexisting ^•al\‘ular defect. Changing mur- 
murs h.avc often been mentioned as helpful in diag- 
nosis, but too much stress should not be given this 
sign. The changes which do occur are most often 
due to the circulatory effect of anemia and fever. 
Occasionally, however, tlicrc arc rather striking 
fluctuations; these are especially likely to occur in 
patent ductus endarteritis. The spleen is palpable 
in more than one-half of all cases; following an in- 
farction there may be severe pain and tenderness in 
the left upper quadrant, and a friction rub may be 
audible over the left lower costal margin. Inflam- 
mation of fointj occurs in about onc-fourth of all 
cases and may simulate acute rheumatic fever. The 
pathogenesis of these arthritidcs is not clear. 

Si/mptom and signs of congestive heart failure 
TTix^' be present from the onset or may appear at 
any time during the course of subacute bactcri.tl 
endocarditis. There may be orthopnea, distention 
of the neck veins, peripheral edema, rales in the 
lungs, pleural effusion, and a large, tender, swollen 
liver. When present, these manifestations may dom- 
inate the clinical picture and may in fact obscure 
the diagnosis. 

The manifestations of embolic phenomena de- 
pend upon the tissues involved. There may be 
hemiplegia; meningeal inflammation; infarction of 
lung, myocardium, mesentery, spleen, or kidnc)'; or 
occlusion of peripheral arteries. In right-sided endo- 
carditis or patent ductus endarteritis, emboli are 
•^’ed to the lungs; tlicsc may be responsible for 
an erroneous diagnosis of pneumonia. 

The course of subacute bacterial endocarditis is 
variable and may last 1 month to 2 years. Before 
effective methods of treatment were available, the 
niajority of patients died within 9 months of the 
onset. 

Intercurrent infections are not very common, 
although bronchopneumonia occurs occasionally. In 
rheumatic subjects, the development of arthritis 
produces a clinical picture which may be indis- 
tinguishable from acute rheumatic fever. 

Since the introduction of penicillin therapy, 
'vhich controls the infection in most instances, the 
principal cause of death in subacute bacterial endo- 
carditis is progressive, intractable cardiac decom- 


pensation. This is probably the result of valvular 
damage which renders the heart mechanically less 
efficient, together with myocarditis and increased 
demand for cardiac work occasioned by fever and 
anemia. Some patients die following cerebral, myo- 
cardial, or mesenteric embolism, while others suc- 
cumb to a progressive "toxemia" of infection with- 
out localizing manifestations. Rarely, death is due 
to uremia caused by a progression of the nephritis; 
this is more likely to occur in the relatix’ely inactive 
cases. Sometimes, coma and death are the result of 
multiple small cerebral emboli which do not give 
localizing signs. 

Laboratori' Findings. The leukocyte count in tlie 
peripheral blood is usually moderately elevated but 
may be svilhin the normal range. Circulating macro- 
phages may be found in smears of the peripheral 
blood, particularly when the specimen is obtained 
by puncture of an ear lobe instead of the finger 
lip. Tliis finding may be of some diagnostic value. 
In cases of long standing, & moderately severe nor- 
mochromic anemia may be present. There rnay be 
an increase in scrum globulin, and cold-precipitable 
globulins are found in some cases. The er^ihrocyte 
sedimentation rote is elevated. Microscopic hema- 
turia is v'cry common and is helpful in diagnosis 
Albumin may also be found in the urine- The 
blood ctiltuTC is positive for Streptococcus virldans 
In about 85 per cent of cases. In these cases the 
number of colonies of bacteria per milliliter of 
blood is usually approximately the same from day 
to day. In a minority of instances the blood culture 
is consistently negative, for reasons which are not 
clear. It maj- be that m these cases the bacteria 
grow more deeply in the vegetations and hence 
do not have free access to the orculating blood 
It is often said that bacterial endocarditis located 
on the right side of the heart is more likely to be 
associated xvith negative blood cultures, but there 
is little foundation for this assertion. Actually it is 
not at all uncommon for bacteremia to be present 
in cases of right-sided bacterial endocardibs. 

Diilcrential Diagnosis. The diagnosis of subacute 
bacterial endocarditis may be very easy or may be 
extremely difficult, depending on the prominence 
of the various manifestations. In a pab'ent wntb the 
cardinal manifestations of fever, heart murmur, 
splenomegaly, petechiae, and clubbing of the fin- 
gers, the diagnosis is obvious. On the other hand, 
subacute bacterial endocarditis can be a most dif- 
ficult diagnostic problem, since it can simulate a 
rariety of diseases. The possibility of subacute bac- 
terial endocarditis should be considered in every 
■praient with fever and heart murmur. The diag- 
nosis is missed most often in elderly patients, espe- 
cially those whose presenting complaint is the re- 
sult of a cerebral embolic accident; in such indi- 
viduals a diagnosis of cerebral tlirombosis or hemor- 
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rhage is likely to be made and little consideration 
given to the presence of a systolic murmxii or low- 
grade fever, fleart murmur is present in tlie great 
majority of patients, and its absence is n strong 
point against this diagnosis. Occasionally, in middle- 
aged men without previous heart disease, endocar- 
ditis develops on the aortic valve, and the mnnnlir 
of aortic insufficiency is not detected until infec- 
tion has been present for some days. Also, in bac- 
terial endocarditis limited to the tricuspid or pul- 
monic valves, heart murmurs may not be easily 
detected. 

This disease is one of the classic causes of “fever 
of undetermined origin,” the important differential 
diagnostic points of which are covered elsewhere 
(p 65) Chief among the disorders which can 
be confused with it are sj-stemic lupus erythema- 
tosus, Hodgkin's disease, mihar)' tuberculosis, bru- 
cellosis, periarteritis nodosa, and acute rheumatic 
fever. 

Prognosis. The natural course of the disea.se al- 
most invariably leads to death, the incidence of 
spontaneous recovery being less than 1 per cent. 
In the past, many forms of therapy were tried but 
found ineffective; these included transfusions from 
immunized donors, autogenous vaccines, antiseptic 
drugs, irradiation of tlic heart valves, and so on 
With sulfonamide therapy a small proportion of 
patients, probably not more tiian 1 per cent of tliosa 
treated, rccovcicd. The advent of antibiotic treat- 
ment brought about a great change in outlook, and 
at present about 70 per cent of these infections c-an 
be brought under control. Factors which point to 
a favorable outcome, in order of importance, are 
pcniciUin-scnsilive organism, freedom from signs of 
heart f.nilure, positive blood culture, and short dura- 
tion of illness The outlook is better when llie mitral 
valve is affected than in aortic valvnibtis, bcc-iusc 
early and intractable heart failure is more likely 
to result from damage to the aortic cusps. 

Treatment. The following general statements de- 
serve emphasis. 

1 Eradication of the infection requires employ- 
ment of chemotherapeutic agents which exert a 
bactericidal action, presumably because, in their 
protected loc.vtinn, the organisms must bo lolled 
without the aid of phagocj’tosis. 

2 Penicillin is the antibiotic of prime importance 
The special properties which make it so valuable in 
this situabon are that huge doses can be tolerated 
by man, that it diffuses into the vegetation in high 
concentration, that organisms do not rapidly de- 
velop resistance to it, and, most important of aH, 
♦hat it can be bactericidal and can eradicate the 

isative organisms without aid of phagocj'tes 
h most other antibiotics the situation is less 

[vorablc Even though capable of inhibiting bac- 

Ti.-il growth in vitro, the haclcriostatie antibiohcs 


such as the tetracyclines and chloramphenicol r.arcly 
achieve a cure in this infection. Therefore, even 
when sensitivity tests indicate that tlie organism is 
as sensitive, or even more sensitive, to some other 
antibiotic, penicillin may be the only agent capable 
of eliminating the infection. 

3. Streptomycin, almost worllilcss when used 
alone, has a place in tre.itmcnt, as an adjunct to 
penicillin. Tliis pertains especially to infections due 
to enterococcus, which is relatively resistant to 
penicillin alone. In the case of other varieties of 
S. viridaiis the value of the combination tlierapy is 
less certainly established, but since it may be bene- 
ficial and almost certainly docs not detract from 
the efficacy of penicillin, current practice in most 
places is to use botli dnigs in all cases of S. viridans 
cndocaiditis. 

4 In an occasional case, either because the or- 
ganism is totally unaffected by penicillin (and strep- 
tomycin) or because the patient is so allergic to 
penicillin that this therapy in itself would thre.aten 
his life, some other antibiotic regimen has to be 
employed. Sensitivity tests with various combina- 
tions of antibiotics, with special attention to bac- 
tericidal effect, must be employed. Bacitracin, van- ' 
comjxlii, and neomycin, despite their greater toxic- 
ity, are usually preferable to cliloramphenicol or 
the tetracycline compounds. Erythromycin and 
novobiocin may be effective, especially when com- 
bined with other drugs. 

5. Antibiotic treatment must be continued for a 
considerable period of time. In early e-xpcricnce 
with penicillin, the impression w’as formed that 
treatment had to be mamtauied for 6 to 8 weeks, 
and some authorities still regard this as the safest 
practice in all cases. Howev’cr, kilcr experience, 
based upon use of much larger daily doses of peni- 
cillin in rombination with streptomycin, indicates 
that courses of treatment of 2 to 4 weeks are sufii- 
cient in most instances. These shorter courses are 
justified in eases where the duration of illness is 
less than 3 months, the organism is sensitive to 
penicillin, and where there is prompt clinical Im- 
provement following the beginning of treatment. 
Without these favorable indications it is safest to 
continue treatment for up to 8 weeks 

Since the diagnosis can often be made witli 
Tcasonable certainly on clinical grounds before bac- 
teremia can be demonstrated, and since m perhaps 
13 per cent of cases blood cultures remain nega- 
tive, the question wliich often arises is how soon 
to begin cliemotherapy. An accurate bactcriologic 
diagnosis, including antibiotic sensitivities, is of 
great value and should be achieved if possible, hut 
undue delay of treatment must be avoided because 
of Uie jmssibility of embolic accident and progres- 
siv’c destruction of a cardiac waive. A reasonable 
piacticc is to collect four to six blood cultures dur- 
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iiig a 48-lir period, then begin treatment with 
penicillin and streptomycin, observing the eliniral 
response and modifying Uie chemotherapeutic regi- 
men later as dictated by bactcriologic findings. 

When the infecting organism is penicillin-sensi- 
tive, a suitable dosage sdiodule is 2,400,000 units 
penicillin and 1 Gm streptomycin per day. If the 
clinical response is not satisfactory or if the or- 
ganism is only slightly sensitive to penicillin, v'erj’ 
much larger doses of penicillin, up to 100,000,000 
units per day, may have to be given. The dosage of 
streptomycin probably should seldom c.\ceed 2 Gm 
per day. The administration of very large amounts 
of penicillin is technically difficult, since the pain 
of intramuscular injections is often severe and their 
intravenous administration may cause chemical 
phlebitis. In order to maintain such a program of 
treatment for several vvcclcs it is usually necessary 
to employ a variety of methods, including continu- 
ous and intermittent intravenous and intramuscular 
injections. Adjuvants such as Bcncmid m.ay be used 
to reduce the rate of excretion of penicillin by the 
kidneys. Ingenuity, technical sUll, and stubborn 
persistence on the part of the doctor may be life- 
saving. 

Embolic accidents, resulting In hcmiplogua, mes- 
enteric infarction, or occlusion of a peripheral ar- 
tery, may tahe place many days after the beginning 
of effective antimicrobial Uierapy. 

The course of the fever after beginning chemo- 
therapy is somewhat variable. In most instances 
there is a defervescence within the first day or two, 
but sometimes, even when the end result is satis- 
factory, a low-grade fever continues for as long as 
2 or 3 weeks. 


The treatment of cxjngestive heart failure in bac- 
terial endocarditis does not differ from th,at of other 
kinds of congestiv'e heart failure (see p. 1385). 

In infections located on a patent ductus arteriosus 
or an arteriovenous fistula, cure can sometimes be 
achieved by surgical excision or obliteration of the 
fistulous tract. Such operative treatment can be 
carried out during, or at the conclusion of, an ap- 
propriate course of chemotherapy. 

Relapse may occur after the cessation of penicdl- 
hn therapy, especially when the period of treatment 
has been short. The great majority of relapses occur 
Within the first 4 weeks after cessation of treatment. 
It is usually safe to consider a patient’s infecHon 
eradicated if he is free of symptoms and signs of 
the disease and if his blood cultures show no growth 
vveeks after the conclusion of therapy. A recru- 
descence after that time may be due to a new 
infection rather than to persistence of the initial 


one. 


In the event of relapse, additional chemotherapy 
is indicated. It is particularly important to check 
me sensitivity of the infecting organism and to 


adjust the dose of penicillin or other antibiotic ac- 
cordin^y. 

Persons who hav’e recovered from subacute bac- 
terial endocarditis should be given prophylactic 
penicillin therapy before any operative procedure 
in an infected area, such as tonsillectomy or tooth 
extraction. It is advisable to administer pem'dllin 
orally in a dosage of 1 million units daily for 2 
days prior to the procedure and for 1 day after- 
ward. 


OTHER ETIOLOGIC AGENTS IN 
BACTERIAL ENDOCARDITIS 

Although streptococci of the viridans type are 
by far the commonest cause of bacterial endo- 
carditis, a wide variety of other microorganisms 
may be the cause of subacute or acute bacterial 
endocarditis. These include nonpathogenic bacteria, 
such as Staphylococcus alhus. Hemophilus parain- 
fluenzae, wjiich give rise to the subacute pattern of 
disease just described, and many genuinely patho- 
genic organisms, such as S. aureus, hemolytic strep- 
tococcus, brucella, the gonococcus, meningococcus, 
and pneumococcus, which .ire likely to give a more 
fulminating disease picture. In addition to bacteria, 
certain of the fungi, such as Ilistaplasma capsu- 
latum, have been shown to cause bacterial endo- 
carditis. 

Narcotic addicts, who inject themselves intra- 
venously, usually without aseptic technique, are 
liable to develop acute bacterid infections on pre- 
viously normal heart valves. 

Bacterial endocarditis due to S. aureus or S. albiis 
is now a well-recognized hazard of surgical treat- 
ment of rheumatic or congemtal heart disease, the 
incidence being perhaps 1 to 3 per cent. Diagnosis 
in these cases may be delayed because of anti- 
microbial drug therapy for other indications and 
difficulty in differentiating the manifestations from 
those of postcardiotomy syndromes. 

The term acute bacterial endocarditis is usually 
given to those cases in which the etiologic organ- 
ism is a true pathogen, such as S. aureus or the 
pneumococcus, and in which the course is relatively 
rapid — i.e., a few weeks. This type of infection may 
involve prevnously normal valves; hence a heart 
murmur may not always be present at the onset 
of illness. The clinical picture is characterized not 
only by a short course but also by high fever, mul- 
tiple petechial hemorrhages and other embolic man- 
ifestations, development of metastatic abscesses in 
other parts of the body, and rapid destruction of 
the heart valve. 

Acute pneumococcal endocarditis should be 
watched for during convalescence from pneumococ- 
cal meningitis. Rupture of an aortic Vtilve cusp, 
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wilh rapidly progressive heart failure, is a well* 
known sequel to pneumococcal meningitis. 

The results of chemotherapy in these fulminating 
infections are still imsalisfactorj'. ProbaUy not more 
than 20 per cent of patients with acute stapliylo* 
coccal or pneumococcal endocarditis recover, ev«i 
though the organism may appear to be sensitive to 
penicillin in the test tube. Autopsies often reveal 
healing of the ulcerative endocarditis but the pres- 
ence and persistence of one or more abscesses else- 
where. Especially noteworthy are myocardial ab- 
scesses, located in the region of the vdve ring. Ap- 
parently, the sterilization of infection in such an 
abscess is very difficult to achieve wilh chemo- 
therapy, and this seems to be one of the reasons 
for the poor results obtained in this disease. 
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PYOGENIC INFECTIONS 
OF THE NERVOUS SYSTEM 

John N. WaUotv 

Since many of the infective disorders of the 
central nervous system have already been dealt 
with elsewhere, this chapter will be limited to a 
discussion of specific neurologic syndromes which 
anse when pyogenic bacteria or their products 
encroach upon nervous tissue. The neurolo^c ef- 
fects of suppuration within the cranial cavity or 
vertebral canal and certain neurologic aspects and 
complications of meningitis will be considered. 

Pyogenic organisms may gain access to the 
cranial casaty or spinal canal in a number of 
So far as the cranium is concerned, direct spread 
of an infective process beginning in the middle ear 
or in a paranasal sinus may cause an osteomyelitis 
of cranial bones. This in turn will often affect the 
'extradural space, whence further spread Is possible 
Uirough the meninges to the brain itself. Septic 
tliromiiosis of diploic and emissary veins may play 


an important part in this process. In the vertebrAl 
column, osteomyelitis of a vertebra plays a simiL^r 
role. The next most frequent source of suppuration 
around or within the neuraxis is metastatic infec- 
tion wtb blood-borne organisms arising from a 
remote septic focus, often in the skin or Jung- 
Lymphatic spread from a nearby locus of infecUon 
may account for certain cases of intraspinal sup- 
puration hut is virtually unknown as a cause of 
intracranial abscess formation. In other cases, or- 
ganisms may be introduced by foreign bodies such 
as projectiles, while rarely faulty aseptic technique 
in such procedures as lumbar puncture or craniid 
exploration may be responsible. Of all the mecha- 
nisms described, direct spre.ad from the enveloping 
bony cage and metastatic infection are by far tlie 
roost common in civilian medical practice. 


NEUROLOGIC ASPECTS 
OF BACTERIAL MENINGITIS 
Bacterial meningitis, as typified by that due to 
the meningococcus, is regarded by many as a 
disease in which the pathologic changes are limited 
to the subarachnoid space and do not encroach 
upon nervous tissue. It is also generally believed 
that these changes are entirely reversible vvith 
adequate treatment. \Vhile both these views have 
considerable substance, it is also true that some- 
times lastmg disability or a fatal outcome is due net 
to the meningitis but to certain distinctive patho- 
logic changes which the disease produces in the 
nerv’ous parenchyma. Indeed, it is probable that 
such changes may he far more frequent than Is 
generally realized, Similarly, certain other neuro- 
logic manifestations are now known to depend upon 
vascular changes which are a part of the inflamma- 
\OTy process, while others, as well as some common 
sequelae, may be attributed to incomplete resolu- 
tion of the meningeal Infiammation 

Having accepted these generalizations, it I's 
possible to say that modem antibiotic and chemo- 
therapeutic methods of treatment have greatly re- 
duced the incidence of complications, particidarly 
in meningococcal meningitis. However, they are 
still of considerable importance in the other form* 
whi<di show a less uniformly favorable response to 
treatment. In tuberculous meningitis, complications 
are an outstanding feature. 

It is perhaps Justifiable to consider the patho- 
logic findings in fatal cases of influenzal meningitis 
as ^qiifying the changes observed. There are wide 
variations in the pathologic picture, which can 
probably be related in most cases to the duration 
trf the illness but in others are dependent on 
numerous factors, particularly the resistance of 
the patient and the efficacy of treatment. 
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The outstanding changes may be classified as 
follow’s: 

1. Subdural effusions, serous or purulent 

2. Severe brain swelling with tentorial or cere- 
bellar hemiaUon 

3. Acute hydrocephalus without blockage of 
cerebrospinal fluid pathways 

4. Ischemic necrosis of cerebral cortex or, in 
more chronic cases, nerve cell degeneraUon with 
marked glial reaction 

5. Subcpcndjinal pcriv'ascular cellular infiltra- 
tion with astrocytic and microglial proliferation 

6. Subpial degeneration of spinal cord; super- 
ficial as well as irregular parenchymatous degenera- 
tion of cranial and spinal nerves 

7. Vascular changes: 

а. Cortical thrombophlebitis 

б. Endothelial swelling and cellular infiltra- 
tion in meningeal arteries; in some cases 
there is a severe arteritis leading to throm- 
bosis 

8. Organization of exudate with meningeal fi- 
brosis 

Subdural empyema is a relatively uncommon 
complication of bacterial meningitis and will be 
considered in detail shortly. Serous subdural effu-^ 
sions hax'e been recognized recently as an impor- 
tant complication of meningitis in infancy. ^fcKay, 
Ingraham, and Matson found such collections in 60 
per cent of all patients under one year of age who 
were suffering from meningococcal, influenzal, or 
pneumococcal meningitis. They suspect that such 
collections may be present if any of the following 
features are noted; (1) persistent high temperature 
after 72 hr of adequate treatment, (2) positive 
cciebiospinal fluid culture after 48 hr of treatment, 
(3) convulsions during convalescence, (4) focal 
convulsions at any time, (5) vomiting during the 
convalescent period, (6) gross neurologic abnor- 
(7) cL'nical impression that the course is 
unsatisfactory. Any one of these findings is, th^ 
believe, an indication for aspiration of the subdurd 
space, carried out by needling in the lateral angle 
of die anterior fontanel. If a subdural effusion is 
present, fliud will readily be wthdrasvn. It is 
always xanthochromic and may even be frankly 
bloody; it usually contains up to 2 or 3 Gm per 
100 ml of protein and several hundred white cells 
per cubic millimeter. It is sterile on culture in 
most cases. Many workers believe that this compli- 
cation is best treated by daily aspiration while 
anlimjcrobial therapy is ' continued. Others, how- 
ever, suggest that in these patients a subdural 
membrane, simOar to that of chronic subdural 
hematoma, is present and should be removed 
surgically; McKay, Ingraham, and Matson believe 
that, if such a membrane is left, it will interfere 
"ith the growth of the brain. In the absenre of 


any conclusive evidence that this does in fact 
occur, it seems that repeated aspiration is the 
treatment of choice and that surgery should be 
reserved for those cases which fail to respond to 
this regimen. 

In a proportion of the cases of acute meningitis 
which die within 24 to 48 hr of the onset, an acute 
brain swelling or, alternatively, hydrocephalus may 
be seen, producing fatal tentorial or cerebellar 
herniation. The exact cause of these changes is 
unknowm, though they seem to be related in some 
XTOy to the acuteness of the disease process. 

The etiology of the cortical and subependymal 
changes is also obscure. The diffuse nerve cell 
degeneration and subpial glial reaction are prob- 
ably evidence of a noninfectious encephalomtje- 
lopathy due to a number of circulatory and toxic 
factors, but the subependymal changes may be 
the result of direct bacterial invasion. This en- 
cephalopathy is probably responsible for the stu- 
por, coma, and the generalized convulsions of the 
disease. The areas of cortical necrosis probably ex- 
plain many of the focal neurologic symptoms and 
signs, such as focal seizures or hemiplegia. Pain 
in the limbs, blindness, and deafness or other 
crania] nerve palsies can be attributed to degenera- 
tive changes in the nerves or roots. Chronic menin- 
geal fibrosis, so-called adhesive arachnoiditis, may 
sometimes produce similar effects as a late sequel, 
through constriction of nerve trunks. 

The arterial infiUrotlon already described does 
not appear to be responsible for hnportanl nervous 
lesions in pyogenic meningitis. ThrombopWebitis 
may give rise to focal convulsions, neurologic signs, 
or subarachnoid bleeding through cortied infarc- 
tion. The thrombophlebitis is generally aseptic 
and occasionally involves the sagittal sinus, giving 
a syndrome which will be discussed later in this 
chapter. 

Meningeal fibrosis and organization of e.Tudate 
can block the aqueduct, the foramina in the roof 
of the fourth ventricle, or the tentorial hiatus. Ob- 
structive or communicating hydrocephalus results. 
Similar dense meningeal thickening around the 
brain stem may sometimes be responsible for the 
tonic spasms which occasionally accompany and 
follow menmgitis, and it is conceivable that they 
may even be the basis for the terminal decerebrate 
state of some such patients. 

Although these changes have been most care- 
fully studied in influenza] and pneumonococcal 
menin^tis, it is probable that the complications 
and sequelae of most forms, including tuberculous 
meningib's, are similarly determined. Tuberculosis 
may be complicated by infarcb'on due to arterial 
occlusion, since the basal arteriUs, which has been 
well described by Doniach, is more striking in 
flus than in other ^'pes of meningitis. 
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INTRACRANIAL SUPPURATIVE DISORDERS 
If bacterial meningitis is excluded, it can be 
said that suppurative disease within the cranial 
cavity occurs in one of five situations. The process 
may occur external to the dura, in which case 
an cxlradiiral abscess residts, or it may penetrate 
the dura to give a subdural abscess or empi/ema; 
very rarely, a localized subarachnoid abscess may 
occur within the subarachnoid space. In other In- 
stances the inflammation may affect principally 
an intracranial venous sinus or its radicak. giving 
suppurative thromhophlehUis. Most commonly of 
all, the mOnmmalory process in\olvc5 brain tissue, 
beginning as a diffuse process of siippiirolifc en- 
cephahlis. This inflammatory process may continue 
to spread until the patient dies, but more often, 
the infected area or are.as become surrounded by 
reactive tissue to give one or more brain abscesses. 

Practically all extradural and subdural abscesses 
and more than 50 per cent of brain abscesses arc 
jiroduccd by centripetal spread of suppuration from 
the cranial bones. 

Extradural Abscess 

The cranial osteomyehtis responsible for produc- 
ing an extradural abscess is generally due to otitis 
media, sinusitis, or trauma. Pus accumulates on the 
inner side of the cranium and strips off the dura, 
which becomes lined on its external surface by a 
layer of granulation tissue. An abscess in this 
situation is difRcult to diagnose, since it is rarely 
large enough to produce a severe increase in intra- 
cranial pressure or focal neurologic signs. It may, 
however, be suspected in tlie presence of irregular 
pyrexia and headaclie winch radiates from either 
tne mastoid (in otitis media) or frontal region (In 
frontal sinusitis); there is often marked tenderness 
of the skull in the affected region. TIic cerebrospinal 
iftnvf may 6e rromnnf baC nsmrA^ siVwy a 
polymorphonuclear or mononuclear pleocytosis. 
This condition can be treated effectively by' anti- 
biotic therapy and surgical draimige. 

Subdural Abscess or Empyema 
Tins syndrome is usually a complication of 
frontal sinusitis; it sometimes occurs in otitis but 
IS rarely metastatic. 

In most cases, infection of the subdural space 
IS effected by direct extension through the dura, 
but in others it is the result of septic thrombophle- 
bitis of venous smuses, particularly the superior 
longitudmal The subdural pus usually covers the 
greater part of the lateral surface of the affected 
jmisphere and tends to accumulate over the 
teral aspect of the frontal lobe. In fatal cases, 
cheroic necrosis of sub/acent corheal gray matter 
found, and thrombosis of subarachnoid and 
irtical veins is frequent. 


The symiptomatology of this disease follows n 
relatively stereotyped pattern. WTicn it complicates 
sinusitis, there is usually exacerbation of frontal 
pain and irasal discharge followed by orbital s\V|.]|. 
ing; head.icJic is at first localized to the frontal 
rc^on but later becomes generalized and increases 
in severity. Concurrently', high fcv'cr, neck stiffness, 
and drowsiness or stupor develop and arc followed 
by' focal neurologic signs. Jacksonian seizures ^re 
common, aplmsia is seen in left-sided lesions, pa- 
ralysis of contralateral ocular deviation b frequent, 
and ail patients have a hemlparcsis or Iiemlplef^fa 
Clinicai manifestations in cases not caused by 
sinusitis are identical save for the absence of signs 
of sinus infection and orbital swelling. 

Most cases show a marked increase in cerebro- 
spinal fluid pressure, and tlie total protein content 
IS raised, often to about 100 mg per 100 ml, though 
the sugar remains normal and the fluid is sterile on 
culture. A cell count of several hundred per cubic 
millimeter is usual, and the majority of the cells Are 
poiymoqihomiclcar leukocytes 

If not treated, the condition is fatal witliin about 
10 to M days after the onset of headaclie or 3 to 4 
days after the accession of focal neurologic sigiis. 
Elective treatment consists in administration of the 
appropriate antibiotic, combined with drainage of 
the abscess through one or more burr holes At- 
tempts to drain the abscess Ihroiigb the frontal 
sinuses or car almost inv-ariably fail 

It is sometimes dJfRnilt to distinguish this condi- 
tion from intracranial thrombophlebitis or from 
necrotizing encephalopathy with predominant in- 
v'olvcment of one hemisphere. 

Inlracranial T/irombop/debilis 

This roost often affects the lateral, cav’emous, or 
superior longitudmal sinuses, ow'ing to centripetal 
Xjwwwj a/ A'hvw aW .w.iA'.lle Ah? 

of the face, or the frontal sinus, respectively. In All 
three conditions the patients arc acutely ill wiUi 
high remittent fever. 

in lateral sinus riiromhosfs there is usually head- 
ache in the temporal region. Papilledema may 
sometimes occur, but focal neurologic signs ave 
generally absent, and tlie clinical picture is domi- 
nated by the manifestations of pyemia. Compres- 
sion of the homoHteral internal jugukar V’ein may 
produce no rise in pressure during spinal manoirj- 
etiy, whereas a normal rise occurs during corri- 
pression on the opposite side (Tobey-Ayer test) 

Caoerriows siuus thrombosis gives Iiomolateni! 
frontal headache and facial pain followed liy prop- 
tosis, edema of the ey'elids, chemosis, and paresis 
of oculomotor nerves. Often the infection spre-ids 
tlirough the circular sinus to the other cavernous 
sums. This may sometimes be prevented by early 
treatment. 
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Suppurntion \nUiin tlie superior longitudinal 
sinus usually produces headache and marVed papil- 
ledema wth edema and engotgement of ihe scalp 
o\er the vertex. A monoplegia of one leg or a 
|xir3plegta may result from infarction of the leg 
area or areas of the motor cortex, but this is un- 
common. More often a subdural empyema results. 

Septic thrombosis in any of the three situatioits 
requires \ngorous chemotherapy, and this is the 
only method of treatment in cavernous sinus dis- 
ease. Surgical ocposiire and drainage of the lateral 
sinus or ligation of tl»e internal jugular vein may 
sometimes be required. 

Aseptic tliTombosh of intracranial venous sinuses, 
particularly the lateral and superior longitudinal, is 
an occasional complication of otitis media, and in 
many such cases there is no evidence of intracranial 
spread of microorganisms. The resulting s)'ndrome 
is cliaracterizcd by severe papilledema and increase 
in the intracranial pressure with comparatively 
little headache; it has been called otitic htjdrocepha- 
his hy SjTnonds. In severe cases (when the process 
extends to cortical veins) seizures, focal neurologic 
signs, and ex'cn profuse subarachnoid hemorrhage 
may result from cortical infarction. An Identical 
sjudromo not uncommonly occurs in marasmic in* 
fanls, in cachectic patients, during pregnane)', fol* 
linving closed head injur)', or in individuals with 
heart disease or blood dysccasios. 

Brain Abscess 

Incidence. Brain abscess may occur at any age 
and is equally common in the hvo sexes. It is 
probably that fess'cr eases of otitis and intralhomcic 
suppuration have been complicated in this way 
sini-e the advent ol antibiotic therapy, but certain 
patients who would previously have died from 
the primal)' infection now survive to develop a 
brain abscess. 

Etiology and Location. About 40 per cent of 
brain abscesses are secondary to middle ear disease, 
and of these about a third arise in the anterior part 
of the lateral cerebellar lobe, the remainder lying 
m the middle part of the temporal lobe above the 
tegmen tj-mpani. FronLil sinusitis accounts for 
rmighly 10 per cent of cases, and the abscess is 
almost invariably situated in the anterior part of 
the frontal lobe. Of the remaining 50 per cent of 
wtses, a small proportion are due to penetrating 
"■oimds, and the remainder are metastatic; in 
about half of these the primary septic focus Is in 
the lung (bronchiectasis, empyema, lung abscess), 
J>nd in the others it may be in the sl.m or other 
diverse locations such as bone or the heart. Brain 
abscesses are particularly frequent in patients with 
™ngcstive heart failure or cyanotic congenital 
heart disease, e\'en without evidence of bacterial 
«idcicarditis. In traumatic cases the site of the 
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abscess will clearly depend upon the area which 
has been traumatize'd, but .a metastatic abscess m.ay 
be situated an)’where within the cranium, though 
it is usually above tlie tentorium. Most abscesses 
He within the distribution of tlie middle cerebral 
artei)', beginning at the junction of the gray and 
white matter; they are not infrequently multiple or 
multilocatcd, a finding which is less frequent in 
the case of otitic abscesses. 

Almost any of the common organisms may 
cause a cerebral abscess, the most frequent being 
streptococci, pneumococci, and staplivlococcl. nhile 
lusiform bacilli and or."!! spirochetes are sometimes 
found. Less commonly such organisms as Es- 
cherichia coli, actinom) tes. or er’en Enclamoeba his- 
tohjtica may be responsible. 

Pathology. Invasion of nervous tissue by the 
causal organism leads initially to focal necrosis and 
liquefaction accompanied bj' edema of the sur- 
rounding brain; (his stage is called suppuratne 
encephalitis. If tlie patient survives, pus accumu- 
lates, and a capsule begins to form from fibroblasts 
derived from proliferating capillaries. In due course. 
.1 firm, tliick fibrous capsiJc forms and may be 
sexcral millimeters in diameter; it is lined by n 
layer of granulation tissue containing polymorpho- 
nuclear Icukocjtes, hisliocjtcs, lymphocytes, and 
proliferating capiUanes. In brain tissue surrounding 
the fibrous wall arc found reacting microglia, 
fibroblasts, and astroc) tes in profusion. 

Clinical Manifestations. The physician should be 
aw'are of the many ways In wliieh a brain abscess 
may develop, for earl)' diagnosis is the key to effec- 
tiv'c treatment. Early in the illness the patient's 
symptoms arc alhimportant, since physical signs 
may not develop until a relatively late stage. Yi'Vicn 
a known sufferer from otitis media experiences a 
suppression of aural discharge following a period 
of exacerbation and this is succeeded by headache, 
vomiting, and confusion, it is reasonable to suspect 
that inllamination has spread intracranially. In many 
cases, howm'cr, the sv’mptoins are not striking, and 
the patient may seem to recover from a fiare-up 
of his otitis but remains unwell, e.xperiencing at- 
tacks of depression and imtability, vague intermit- 
tent headache and nausea, anore.\ia, weight loss, 
and mild fever. S)'mptoms and signs of meninge.il 
irritation are usually minimal. A history of this tv’pc 
in a patient with paranasal sinusitis should also 
make one suspicious of intracranial suppuration, 
the cerebrospinal fluid should be e.xamined im- 
mediately. 

In hematogenous abscess, the onset Is sometimes 
dramatic with sudden focal seizures and neurologic 
signs, followed, after an intcrv’al of days or weeks, 
by increasing pyrexia and evidence of mounting 
intracranial pressure. Tin's may be seen «hcn an 
infected embolus becomes impacted in a large 
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vessel. Far more otlcn, lio\\cver, tlie onset is in- 
sidious, with minimal headache, slight, intermittent 
pyre-xia, and gradual personality change. \Vhen 
there is an evident septic focus in the sVin or lung, 
the possibility of abscess may come to mind, but 
m many other instances the patient may be felt 
to be suffering from an intracranial tumor. This is 
particularly common when antibiotic therapy ef- 
fecti\cly masks the patients symptoms throughout 
the stage of suppurative encephalitis. 

When tlie clinical manifestations of brain abscess 
are more fully developcrl, they fall into three 
groups: (1) general symptoms of infection, (2) 
sjmptoms and signs of increased intraCTanial pres- 
sure, and (3) focal symptoms and signs. 

The severity of the general symptoms of infection 
is related to the acuteness of the disease process. 
In cases of acute suppurative encephalitis, they 
may be severe; in patients in whom the onset is 
more insidious, a low intermittent pyrexia Is the 
rule, while in more chronic cases the temperature 
may be normal throughout. 

Some evidence of increased (nlracranlal pressure 
is usually found, although in a few patients uith 
large chronic abscesses it may be lacking. In gen- 
eral, the patients have headache, wluch may oc- 
casionally be localized over the suppuration. More 
often it is of the type usually seen In increased 
intracranial pressure, being paroxysmal, xsorse in 
the mornings, and increased by movement. Nausea 
is frequent and is followed by vomiting in tlie 
later stages. The pulse is more likely to be sW in 
patients with abscess than in any other form of 
intracranial dise.asc. Papilledema is usually a late 
sign, but mental changes consisting of mild con- 
fusion and irritability or other change in tempera- 
ment, progressing to severe confusion, drowsiness, 
stupor, and coma, are commonly present. 

Temporal liobe Abscess. II the abscess aSecls 
the dominant hemisphere, dysphasia, which Is often 
of “normal" or "amnesic” t^e, is frequent; the 
patient finds difficulty in naming familiar objects. A 
homonymous upper quadrantic field defect Is often 
seen because of involvement of the optic radiation. 
Evidence of pyramidal tract involvement is usually 
minimal and may be a little more than slight con- 
tralateral f.acial or finger weakness, thou^ exten- 
sive lesions may give a hemiparesis. Herniation of 
the temporal lobe through the tentorial hiatus may 
lead to a homolateral third nerve palsy, to coma, 
and to signs of bUaleral disease of the pyramidal 
tracts. 

Cereheihr Abscess. Headache in the suboccipital 
region is common, and the neck may be stiff or held 
to one side. Evidence of increased intracranial 
.'pressure is often more striking in these patients 
Stnan in those with abscesses situated elsmvhere. 
> Signs of cerebellar deficiency such as hypotonia. 


incoordination, past pointing, and slow performani^ 
of rapid alternating movements may be seen 
the limbs on the affected side. The patient m:*y 
tend to fall or stagger to this side on walking 
Nystagmus is usually present, being most marki^d 
on lateral gaze to the side of the lesion; there miY 
also be compression of the brain stem, leading io 
cranbl nerve parcscs and contralateral pyramid^ 
signs, but these manifestations are most variahlP- 
Homolatcral pjTamidal signs may occur, probably 
because of compression of the contralateral ccrcbrf*^ 
pedimclc against the free edge of the tentoriun'’ 
rrontal Lobe Abscess. Patients witli frontal lol'® 
abscess often show no focal neurologic signs. Hcac^’ 
ache. droNvsiness, and impairment of memory, a^' 
tention, and intellectual function are prominent- 
In some cases tliere Is a grasp reflex and contr.*' 
lateral dcxiatlon of the head and eyes. If the absce^* 
is large, a hemiparesis and dysphasia (in dominai’* 
hemisphere lesions) may result. 

Diagnostic Procedures. Examination of the cerr' 
hrospinal fluid may be of great diagnostic v.nluft 
but this procedure should be carried out wit" 
care, p.trticularly in lliose cases in wKich a ten’* 
poral or cerebellar abscess i> suspected. In such ® 
case, removal of even a moderate quantity of flui“ 
can lead to herniation of tlie temporal lobe throug“ 
the tentorial hiatus or of the cerebellum throng 
the foramen magnum, with fatal results. IVhenev^f 
there is evidence of increased Intracranial pre.^ 
sure, only a small amount of fluid should be r^* 
moved, and in the presence of marked papillcdems*» 
the procedure is contraindicated. The fluid usually 
s1h>ws an inereasetl pressure, and its protein center*^ 
is often higher than 100 mg per lOO ml; it rarely 
contains more than 100 while cells per cubi® 
mlDimcter and the majorit)' are mononuclear 
though a number of neutrophils may be prescr^^ 
in ftic early stages. The sugar content ol flie Tiuih'P* 
normal, and no bacteria arc seen in smears 
isolated by culture. Electrocncephalographij may b® 
of considerable value in diagnosis and localizab'ol’’ 
since an abscess in one cerebral hemisphere usually 
gives a focus of e.xtrcmely slow and irregular dclf® 
acUvi^ of high amplitude. Radiography of tb® 
skull may show displacement of the pineal bod/- 
Angiography may localize it accurately, but many 
surgeons prefer t-’enfriewlograp/iy. Air encephala^' 
raphy by the lumbar route is dangerous when tb® 
intraCTanial pressure is raised. After treatment a* 
the abscess, instillation of Thorotrast into tb® 
cavity may demonstrate its progressive decrease i" 


Diagnosis. In the chronic abscess with no clc!»'’ 
primary focus of infection, differentiation frol*’ 
intracranial tumor may be impossible except b/ 
cerebrospinal fluid examination or exploration. I^ 
the more acute cases, the condition is distinguished 
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from meningitis by the absence of meningeal irrita- 
tion and by tlio cerebrospinal fluid changes. In 
patients willi otitis media there may be confusion 
behveen temporal abscess and lateral sinus throm- 
bosis, or between cerebellar abscess and labjiinthi- 
tis. Ho\vcver, septic thrombosis of tlic lateral sinus 
is usually a more dramatic febrile illness than tem- 
poral abscess and rarely produces focal neurologic 
signs; in a proportion of eases the Tobey-Ayer 
manomelric test uill be positive. LabyTinthitis can 
usually be rccognizctl, since it tends to give more 
\crtigo and less headache than docs cerebellar 
abscess and docs not produce papilledema or 
changes in the cerebrospinal fluid. 

Prognosis. Without treatment, brain abscess is an 
almost uniformly fatal disease sas'e for the very 
rare cases In which the lesion becomes quiescent 
and thicUy encapsulated and a few in which sporv- 
tancous drainage occurs via the middle ear or 
frontal sinus. Death usually results from diffuse 
suppurathe cncoph.nlilis, increased intracranial pres- 
sure, brain hemi.ation, or rupture of the abscess 
into the scntricular s)‘stcm or subarachnoid space. 
Before the dap of antibiotics, about SO per cent 
of patients died despite surgical treatment; after 
penicillin became freely asmilable, the mortality rate 
dropped to under 30 per cent. 

Late Prognosis. Not all the 70 per cent of pa- 
tients who survive after treatment of a brain abscess 
rcco'er completely. Some arc left with signs of 
neurologic defleit, varying from a mild Geld defect 
to hemiplegia. Recurrent headaches, intellectual 
impairment, and anxiety slates are common, and 
about 30 per cent of surviving patients do'clop 
seizures as a sequel. 

Treatment. During the stage of acute suppura- 
tiie encephalitis, to cany out an intracranial opera- 
tion is to court disaster througli wider dissemination 
of die inflammatory process. At this stage e\’ery 
attempt should be made to isolate the responsible 
organism from either the cerebrospinal fluid or the 
primary septic focus. Vigorous antibiotic therapy 
''ith the appropriate agent, given systemically and, 
if Safe, intrathccally, is indicated. Sometimes a 
patient who appears to have all the typical ^mip- 
toms and signs of a brain abscess recovers on 
U'edical therapy alone. The great majority, how- 
ever, require surgical inter\'ention. Occasionally, 
'n the presence of deepening coma and progressive 
neurologic signs, operation may be necessary even 
in the acute stage. More often it is possible to wail 
nnhl the inflammatory process has become localized. 
All abscesses presenting in the chronic stage should 
he operated upon promptly. Details of surgical 
treatment are beyond tbe scope of this vdonve, 
hut it can be said that some surgeons prefer to 
Aspirate the abscess and instill antibiotics, wlule 
others believe in its total extirpation. In the former 
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method, ft fs easy to overlook multiple abscesses 
or separate loculi, and recurrences are possible, but 
extirpation may gise more severe sequelae than 
W’ould have occurred after aspiration. Both methods 
have proved successful in the hands of their pro- 
ponents. 

INTRASPINAL SUPPURATI\’E DISORDERS 
Of the suppurative conditions within the spinal 
canal, epidural abscess is the commonest by far. 
Very rarely an abscess may form within the sub- 
dural space, following a penetrating wound or 
localization of a purulent meningitis; however, its 
clinical manifestations do not differ significantly 
from those of epidural abscess, and in both condi- 
tions surgical exploration is required InlramediiUarij 
spinal abscess is also extremely rare; it is almost 
invariably metastatic in origin, lends to run a 
more rapid course than most cases of epidural 
suppuration, and is attended by less pain than is 
the latter. It often presents with paresthesias in 
tlie lower limbs, follow’ed by progressive flaccid 
paralysis. Many eases of this type cannot be distin- 
guished from other forms of acutely progressive 
myelopathy, and few arc dj.ignoscd during life 
Foley has pointed out that the diagnosis may be 
suspected when clinical, manometne, and radiologic 
finings suggest an intramedullary tumor and there 
is also a clear focus of infection elscw here m the 
body. Tn such eases, improvement and certainlv 
survival may follow aspiration or incision and 
drainage of the abscess, togetlier with antibiotic 
therapy. In view of the rarity of subdural and 
Intramedullary suppuration in the spinal canal they 
will not be considered further. Nor will tuberculous 
epidural abscess be given separate consideration, 
since its presentation and management are best 
considered along with tuberculous spinal disease. 

Spinal Epidural Abscess 
The recognition of this condition is a matter of 
paramount importance since surgical intervention 
in the early stages is usually rewarded by tot.il 
recovery, whereas even brief delay may lead to 
paraplegia or death. There arc few disorders in 
which early diagnosis is so imperative, and for 
this reason alone it merits detailed description. 

Etiology. Vertebral osleomjelitis is the cause of 
this syndrome in about a third of cases. Hematog- 
enous spread from an infective focus, often cu- 
taneous sepsis, and sometimes pyelonephritis are 
presumably responsible for most of the remaining 
cases. Much more rarely the abscess may arise 
through lymphatic spread from a paraspinous le- 
sion such as a mediastinal or retropharyngeal ab- 
scess, and it is also possible for it to be caused by 
direct inoculation (lumbar puncture needle) or 
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by a penetrating \%ound. Almost in\-ariably Stopfiy- 
lococais aureitt is the responsible organism. 

ratliolosy. Cranulomatmis tissue, with a variable 
amount of pus, tends to accumulate in ibc epidural 
fat o\cr Uie dorsal aspect of the dura and to 
spread longitudinally. In ostcom)ebUc cases ag- 
gregations of purulent material are often found in 
the literal rpidiiral regions in relation to tlie bony 
lesion, but an anterior accumulation Is rare owing 
to the intimate relationship of the dnra and the 
inters crtebral ligaments. Large collodions of ptis 
are uncommon; more often it is found as multiple 
small pockets in c.Tul>crant granulation tissue. The 
inflainmalory process may estend axially so ns to 
overlie as many as se\en bony segments but is 
iisu.illy limited to three or four; extension is less 
imrked In the osteomyelitic eases. The infLimmatory 
process may also spread laterally and dorsally to 
iiisohc p.iraverlcbral structures, spinal muscles, 
and esen the subcut.'incous tissue, but anterior cx- 
U-nsion is virlu.illy iinknmvm. Nor docs the process 
often traverse the dura; its effect upon the spimil 
cord seems to depend upon a combination of a 
simple compression and interference with the cir- 
culation in epidural veins, leading to derangement 
of Its blood supply. 

Clinical Manifestations, fleusner has pointed out 
that, although spin.!) epidural sepsis produces 
clinical s)ndromes which dilTcr in tempo, there 
IS a basic clinical pattern common to all variants. It 
consists of the following march of events: 

rh.isc I Spin.il ache 

Dure II tever, root pain, rpinal tcndcmcij 
Phase III Weakness of voluntary muscles, sphincters, 
sensibilities 
Phase IV; Paral)-sis 

Sometimes the symptoms and signs of severe 
infection may partially m.isk the above features, 
but they are always present if looked for with care. 
Tlie initial .aching pain is usually accomp.'inicd by 
fever, and tlie spine is lender in the affected region. 
\\ ithm 2 or 3 daj s, root pains are added, vvliich 
radiate from the affected segment, and the spine is 
tlirn exquisitely tender. If the condition remains 
untreated, the general signs of infeeljon incTrasc. 
the spinal ache bccunies excniciating, neck stiff- 
ness develops, and soon afterward weakness, as- 
cending numbness of the limbs, and fmpainnent 
of sphincter control appear. Between this stage 
and that of irreversible fficcid paralysis there may 
be an intervMl of only a few hours. 

Miny authors distinguish the acute xnetostab'e 
. from the tiCTite ostcomvchtic syndrome on clinical 
erounds; the interval between phase I nnd phase 
ll is vrrv much longer in the nslcomyehtic cases, 
, 'listing dj)s or even weeks, but thereafter tlie 


disease progresses with extreme rapidity. It is also 
true that there occur occasional chronic esses in 
whicli the march of events and the clinical picture 
are both attenuated, and the illness lasts weeks or 
months, with much less pain and few or no general 
signs of infection. Despite these variations the 
condition is a vvcll-dcfincd clinical s)'ndromp; the 
diagnosis must be made in phase II or early in 
phase III if the patient is to survive without resid- 
ual paralysis. 

Diagnostic Procedures. N^'liile radiography of the 
spine may be of great value in diagnosis, particu- 
larly of the osteomyelitic cases, tliere will be many 
instances in which an epidural abscess is present 
before tlic characteristic radiologic cliangcs of 
osteomyelitis have had time to develop. Tlie most 
important investigation is spinal puncture. It must 
be stressed, however, that when this condition is 
suspected, spinal puncture should be performed by 
a skilled physician who is fully acquainted with the 
pathology of the probable lesion. Lack of adcqiMte 
care may mean that the needle will cany organisms 
from the cxtcadurol to the subarachnoid space. If 
the puncture is performed at the level of the lesion, 
pus will be found in the epidural space; if not 
there will be a complete manomctric spinal block, 
and the spina] Ouid will be xanthochromic, con- 
taining a large amount of protein and only a few 
white cells. With a characteristic clinical picture, 
either of these findings is a sufficient indication for 
surgical exploration. Myelography, however, is often 
necessary for accurate localization, and the operator 
should be prepared to inject contrast medium when 
the spinal punetiire is performed; for an attempt 
to Inject tills materia] into the sub.imclinoid sp.ivo 
some hours or days after cerebrospinal fluid has 
been removed from below a spinal block may be 
unsuccessful. 

Diagnosis. In phase I, cases of this type are often 
dismissed as examples of arthritis, lumbago, or 
spinal strain. In phases II and III, however, the 
cliaractcnstio combination of fever, root paiu, and 
exquisite spinal tenderness is sufficient to exclude 
such conditions os prolapsed intcn’crtchml disk, 
meningitis, poliomyelitis, transverse myelitis, .mil 
acute postinfcctivc polyradiculopathy (the Giiil- 
Iain-Barr6 symdnnnc). In the uncommon chronic 
eases, differentiation from iniralltecal neoplasm may 
be difficult on clinical grounds, but the ch.ingcs 
found on spinal puncture will indicate the ncctl for 
surgical exploration. 

Treatment. Once the diagnosis is established, the 
great majority of patients require immedufe lami- 
nectomy for drainage of the epidural space, nnd 
vigorous antibiotic therapy should be continued 
Ver)' occasionally, if the abscess is siJtntcd below 
the tcmiinalion of the spinal cord, there may be 
recovery witli antibiotics alone. Scniptilous oliscrva- 
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tion is necessary, and neurologic signs are an 
indication for immediate sxirgery. 
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Section 10; Diseases 

INTRODUCTION 

Abraham I. Braude 

Except for their etiolog)', fungous infections dif- 
fer little from bacterial infections. The close rela- 
tionship behveen bacteria and fungi is apparent 
from transitional forms connecting the two classes, 
and from the similarity of the pathologic changes 
and clinical manifestations induced by them. 

The intennediate, or transitional, forms are rep- 
resented by the Actinomyces. These possess the 
characteristic branched mycelium of fungi but di- 
vide by segmentation into gram-positive bacillary 
or coccoid forms. The acid-fast property of one 
species, Nocardio asteroides, indicates a relation- 
ship to the tubercle bacillus. Although actinomyco- 
sis and nocardiosis are placed among the fungous 
diseases in this book, the causative agents remain 
in an uncertain position bebveen fungi and bacteria. 

An important characteristic of pathogenic fungi 
is dimorphism, groivth in tivo distmet forms under 
different environmental conditions. The fungi re- 
sponsible for blastomycosis, sporotrichosis, and 
histoplasmosis assume unicellular “yeast” forms fn 
infected tissues but grow as myceha and produce 
asexual spores on Sabouraud agar. The reverse is 
irue for the fungus causing monUiasis. Another type 
of dimorphism is found in coccidioidomycosis, lire 
organism responsible for this infection is multi- 
cellular in vivo and in vitro, but its form differs 
Under the two conditions. In tlie tissues it is a sac 
filled \\ith spores, but the growth on agar is a seg- 
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Produced by Fungi 


mented mycelium Crypiococctis neoformans JS the 
only pathogenic fungus that fails to change form 
when environmental conditions vary 

Mycotic diseases are not transmitted from one 
person to another. Many fungous infections are ac- 
quired by inhalation of spores growing frcelv m 
nature. These spores may be rectangular unicellular 
mycelial fragments known as chlamydosporcs, or 
spherical bodies borne on thin mycelial stalks &nd 
called conidia. Other infections, such as sporotricho- 
sis. result from inoculation of spores directly into 
the skin. 

A few fungous diseases are endogenous in origin 
Actinomyces bovis and Candida albicans arc normal 
residents of the bowel and mouth. When resistance 
is lowered, endogenous infection by either agent 
can develop. Actinomycosis is often preceded by 
tooth extraction, and overgrowth of norma! sapro- 
phytic bacteria by C. albicans m the course of anti- 
biotic therapy can lead to moniliasis. 

The mechanisms whereby fungi produce disease 
are obscure. Cryptococcus neoformans possess a 
polysaccharide capsule similar to that of the pneu- 
mococcus which seems to protect the y’cast from 
pha^Kytosis. This capsular material also produces 
mechanical injury in the nervous sjstcm. It is 
possible that the thick walls of other fungi sucli 
as Blastomyces dermatidttis and Coccidioides im- 
mitts funrtion similarly as a protection against leu- 
kocytes. Some fungi are ingested by phagoev tes but 
seem to flourish within llicsc cells. In histoplasmo- 
as, for example, the parasites are found in cnormcnis 
numben w-ithin reticuloendothelial cells. The endo- 
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thcliiim of small vessels can become so packet! with 
histoplasma organisms that blood flow is com- 
prumiscd. 

Another possible factor in the patliogenesis of 
tlicsc infections is h)'peRensitivity. In most fungous 
diseases the patient exhibits marked local or evxjn 
sjstcmic reactivntj’ to intradermal injection of the 
causative organism. In ccccidioidomj'cosis this type 
of reaction is closely associated with the develop- 
ment of erythema nodosum and pleural effusions. 
Tlie occurrence of necrosis at the site of injection 
of fungous antigens suggests that hyperscnsilmty 
m.iv be responsible for necrosis of infected tissues. 
In other patients, however, widespread destruction 
of tissue can occur despite absence of dermal sensi- 
tivity. 

Despite Uie differences in morphology' and life 
cycle of fungi and bacteria, both elicit similar 
pathologic changes and clinical manifestations. For 
this reason, spcciflc diagnosis can seldom be made 
with certainty without demonstration of the causa- 
tive organism. Fortunately, most pathogenic fungi 
are easily seen in infected tissues or exudates In 
a few circumstances, however, it is necessary to 
rely upon epidemiologic and immunologic methods 
for diagnosis. 

The following chapters deal only with those in- 
fections in which fungi penetrate beneath the skin 
and mucous membranes to involve tbo underlying 
tissues and viscera. 
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ACTINOMYCOSIS 

Abraham 1. Braude 


Definition. Actinomycosis is a noncontagious sup- 
purative infection produced by an anaerobic organ- 
ism normally resident m the mouth. The disease Is 
characterized by chronic inikimmatory induration 
and sinus formation. 


Etiology. Tlie causative agent is a branching 
gram-povitivc filamentous org.-»nism. Attempts have 
been made to recognize two separate anaerobic 
species of the genus Affinomf/ccs on the basis of 
p.ithogcnicity for m.in or cattle. Those who would 
make tins differentiation have designated Artfno- 
myces botts, the culturally smooth form, as the 
agent responsible for aclinomycosb in cattle and 
A Israch, the rough form, os the ctiologic agent of 
hiinun nctinomycosis. Because these smooth and 
rough forms are probably vari.mts of the same 
spccK's, tlie term Actinomijcea bovis will be used 
here for all pathogenic anaerobic actinomyccs. 



Artlnomijccs boiis ihffers from otlier actinomyccs 
its intolerance of ficc oxygen and Its failure to 
ow on Sabouraud's mc<lium It also has a much 


greater tendency to fragment into short gram-posj. 
live rods (arthrospores). On blood agar, colonies 
require 4 to 6 days of anaerobic incubation at 37’C 
to reach a size of 1 to 2 mm. Although most strains 
require anaerobic conditions for isolation, some can 
be subculiured aerobically in 10 to 20 per cent 
carbon dioxide, Actmomyccs bovis has never been 
found outside tlie human or animal body, and case- 
to-case transmission is unknown. 

ratliogcnesis. The oxiilation-reduction potenUal 
of norma] tissues is probably too high for multi- 
plication of A. bovis, but devitalized tissues allow it 
to reproduce and gain a foothold from whicli it can 
spread. Tlie frequency of actinomycotic lesions of 
the face and neck may be explained by the greater 
population of A. bovis on surfaces of teeth, in cari- 
ous teetli and tonsillar crypts and by the frequent 
trauma to vvltich these tissues are subjected by eat- 
ing. by dental procedures, or by infection with oral 
bacteria. Anaerobic conditions ^so prevail in alcleo- 
tatic areas of the lung after aspiration of A. bovis 
so that pulmonary actinomycosis can develop. It is 
also possible that pulmonary actinomycosis miy 
arise hcmatogenously from an infected /ocus in the 
mouth. The exact mode of development of ab- 
dominal actinomycosis is unknown, but the fre- 
quency with which the cecal region is Involved 
suggests that the conditions here favor devitalizing 
injury. Occasionally, perforation by a foreign body 
precedes infection. 

From foci in the jaw, lung, or bowel, actinomy. 
cosis may spread by contiguity or through the blood 
to the liver, spine, brain, Wdneys, internal genitalia, 
spleen, and subcutaneous tissues. Lymphatic spread 
is rare. 

The inOammatory reaction to A. bools is charac- 
tenzed by three features: (1) chronic suppuration, 
(2) extensive necrosis, and (3) intense fibrosis. The 
so-called "sulfur granules” which occupy a promi- 
nent place in tlie inflammatory lesion of actinomyco- 
sis are composed of intertwined mycelial filaments 

Clinical Manifestations. The essential feature of 
actinomycosis is a painful, indurated swelling. This 
lesion may appear over the jaw a week or more 
after such trauma as tooth extraction or compound 
fracture of the mandible. As it increases in size, 
points of suppuration, tlie openings of fistulas, ap- 
pear on the bluish red surface of the edematous 
skin. Cervical lymphadcnopathy is rare. 

Tlie lower lobes of the lung arc frequently af- 
fected, and the disease can suddenly become evi- 
dent only when the pleura and chest wall are in- 
volved by direct extension from the lung. Until 
Uicn the patient may' notice only fever, cough, and 
expectoration. Physical examination at this time re- 
veals a diffuse, tender, indurated thoracic swe/hng 
witli evidence of pulmonary consolidation and 
empyema. Actinomycosis of the lower chest can 
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extend through the diaphragm to produce sub- 
phrenic or hepatic abscess. 

Abdominal actinomycosis is often mistaken for 
appendicitis, carcinoma of the cecum, tuberculosis, 
or amebiasis. Patients with abdominal actinomyco- 
sis have been subjected to surgery for drainage of 
a supposed appendiceal abscess, the true nature 
of the disease being recognized only when an in- 
durated draining sinus remains and stubbornly re- 
fuses to heal. Actinomj cosis may also be mistalcen 
for tumor of the rcproducti^’e organs in women or 
for tuberculous psoas abscess. Peritonitis is rare. 

In the rare case of disseminated actinomycosis, 
lesions appear in all parts of the body as a result of 
hematogenous spread. Painful indurated nodules 
under the skin of the legs, aims, back, and scalp 
are prominent. 

Diagnosis. The disease is easily recognized by 
detecting A. bovis in pus obtained from sinuses, 
empyema fluid, or abscess cavities. Interpretation 
of the finding of actinomyces in sputum is difficult, 
of course, because the organisms are normal in- 
habitants of the mouth. SuUur granules vary in size 
from several microns to 3 mm in diameter. Large 
granules are nearly always found if a thorou^ 
search is made by diluting the pus \vith saline and 
filtering through gauze. They are white, yellow, 
or brown and stand out sharply against the back- 
ground of blood-tinged pus. The conclusive finding, 
of course, is the demonstration of gram-positive 
filaments or bacilli which fail to grow aerobically 
on conventional laboratory media. Granules of other 
organisms (staphylococci, nocardias, monosporia), 
fragments of caseous material, and clumps of pus 
cells or fibrin may be confused with actinomycotic 
granules. The technique for recovery of A- bouts 
from the infected material differs from that of most 
other pathogenic fungi in two important respects: 
(1) itaimal inoculation is of no value, and (2) 
Sabouraud medium will not support its growth. 
Cultural isolation of A. bovis is not difficult if any 
of several anaerobic methods is used. Inoculation of 
Brewers thioglycollate medium or glucose-agar 
shake cultures is simple and satisfactory. 

Biopsy examination may establish the diagnosis 
if the actinomycotic colony (“ray fungus”) is ob- 
sen ed microscopically. Demonstration of the organ- 
ism can be exceedingly diScult, requiring careful 
search of many sections. 

Intradermal or serologic tests with A. bovis or 
its fractions are of no diagnostic aid. Radiologic 
examination is rarely of specific value, because tlie 
intralhoracic lesions resemble tuberculosis or tumor 
and those in bone cannot be distinguished from 
bacterial osteomyelitis. 

Treatment. Penicillin and the tetracycline anti- 
biotics arc effective. WTien cither is administered in 
large doses over long periods of lime, remarkable 
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improvement may be expected even when the 
purulent processes are inaccessible to surgical drain- 
age. Many reports indicate that the tetracycline 
drugs (chloitetrai^cline, oxytetraci’cline, tetracy- 
cline) are superior to penicillin. Mlien the tetra- 
cj'clmes are given in doses of 500 mg every 6 hr, 
there is a reduction in pain and swelling within a 
few days as w-ell as gain in strengtli, increase in 
weight, and prompt defervescence. Treatment 
should be continued for several weeks after Uie 
patient appears cured. Because penicillin is no more 
effective than the tetracyclines and because it re- 
quires repeated intramuscular or intravenous in- 
jection of large doses for long periods of lime, it 
should be reserved for patients who cannot tolerate 
tctracy'cline drugs. Tlie optimum dose of penicillin 
is not known. At least 1 million units daily should 
be given intramuscularly. 

Surgical drainage or excision of accessible actino- 
mycotic lesions is a valuable adjunct to chemo- 
therapy, although surgery alone is of little value 
Older treatments such as iodides, irradiation, or the 
sulfonamides have no place in the current thera- 
peutic regimen for actinomycosis. 
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CRYPTOCOCCOSIS 

Abrahom I. Creude 

DcCmtion. Cryptococcosis is n highly fata! in- 
fection caused by Cri/piocncctis nco/orrnan-s, an cn- 
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cnpsulatcd jeast wth a special prcdJoctfon for the 
central ncmius sj-stem. Crj-ptococcosis can also 
in\-ol%c the lungs, bones, and shin and occuis with 
incrcasctl frequenej' in patients ^^^th Ictihemias or 
l\-mphomas. 

Etiolo^. Members of the genus Cryptococcia, 
to which C. ncoformans belongs, form neither my- 
celia or spores and reproduce entirely 1^* budding. 
The cells of C. ncoformans are spherical, measure 
5 to 15 n in diameter, retain the Cram stain, and 
ore surrounded by a capsule which may become 
so large that its total diameter is three times that 
of the cell proper. The capsular materia! contains 
a pol)'saci.!iaridc which is responsible for the slimy 
appearance of the )easl in culture and for the 
mjTomatous cliaractcr of cr)’ptococcal lesions. 

The organisms grow readily on N-arious media at 
room temperature and at 37*C. On Sabouraud 
glucose agar, visible growth appears within a few 
da)s at 37®C and gradually assumes a characteristic 
brownish, slimy appearance. Unlike other patho- 
genic ycastlikc fungi, cr)ptococci never form my- 
ceha regardless of temperature of incubation or 
culture medium. Most cells of C. ncoformans arc 
killed in 24 hr at temperatures of 40.6*C or higher. 

Pathogenesis and Pathology. Crj-ptococci re- 
sembling C. ncoformans have been isolated from 
soil, pigeon droppings, the surface of fruit, and from 
the skin and intestinal tract of normal m.an. Hence 
is it possible for infections to be either of endog- 
enous or exogenous origin. Whatever the mode of 
entr}' ma) he. the organism ultimately finds Its 
way to the nervous $)stem in most cases of crypto- 
coccosis Although the neurologic disturbances over- 
shadow those produced elsewhere, there b good 
evidence Uiat foci of infection arc usually estab- 
lished m the lung and other viscera before db- 
semination to the brain and tlic meninges occurs. 
Often the pulmonary foci give rise to no clinical 
findings, although they cm be defected if a careful 
search is m.adc at postmortem examination. 

Penetration of tissues by the ciyptococcws docs 
not evoke the active inflammatory response obscrv'cd 
with other fungi or bacteria. The cclIuLir reaction 
1 $ very slow to develop .and is seldom intense. Tlic 
cr)-j>tocotct:s seems to meet fittlc resistance niid 
frctiucntlj proliferates so freely that macroscopic 
masses of gelatinous yeasts fill the lesions. Older 
lesions occasional!)’ show granulomatous rcaclioiis. 
The small number of ci)ptococci observed within 
granulomas suggests dial they can destroy the or- 
ganism. Tlib may account in part for the fact lliat 
IvTnphomatous diseases involving the mononuclear 
cells lower resistance to cryptococcal infection. At 
other times, liowover, many ciyptococci are present 
within mononuclear and giant cells. It is unusual to 
see necrosis of the host tiisiie in cij-ptococcosb. 


Granulomas or gelatinous er^-ptococcal masses 
can appear in the nervous sj’stem, lungs, bones, or 
skin. In the nervous s)’slem, lesions usually de- 
velop in the meninges at tho base of the brain with 
resulting involvement of the brain stem, crania! 
ncrv'cs, and ccrebcUum. Large masses of yeast may 
accumulate in the subarachnoid space and extaid 
diffusely along perivascular spaces into the brain 
substance to produce cj’stic nodules. Because the 
(ungal masses shrink after fixation of the brain in 
formalin, cystlike spaces remain. These spaces were 
thought to result from a histolytic action of the 
fungus by early observers who named the jeast 
Torufa histolytica. In the lung, either scattered 
miliary nodules, diffuse pneumonic infiltrations, or 
solitary masses easily mistaken for pulmonat)’ neo- 
plasms may occur. Pulmonary cavitation, calcifica- 
tion or hilar Ijinphadenopatliy is extremely rare. 
These ch.Tractcrislics of the cijplococcal pulmonarj 
lesions are helpful in distingiuslitng the disease 
from tuberculosis, sarcoidosis, and other mv coses. 

Clinical M.anifcstations. Most patients with er)p- 
tococcal infection come unOcr Uio care of a physi- 
cian after the onset of neurologic manifestations. 
Complaints of severro headache, diplopia, dizziness, 
aUxia, vomiting, tinnitus, memory disturbances, or 
Jacksonian convulsions are common. Fever b usually 
low and can be absent. Many patients die within a 
few months, but some Iiave lived for many years as 
the disease undergoes remissions and relapses. 

Wlicn pulmonary infection is present in the ab- 
sence of meningoencephalitis, llie patient is gen- 
erally free of constitutional sj-mptoms. The disease 
b delected when roenlgenographic examination of 
the chest shows a dense, usually solitary infiltration 
of tlic lower portions of the lung. Cough may be a 
prominent feature of diffuse cryptococcal pneu- 
monia. 

Involvement of bones in the absence of dis- 
seminated disease IS rare, and crjptoeoecos/s of 
joints is almost alwaj’s second.iry to adjacent osseous 
lesions. 

Dbxcminated infection may also produce multi- 
ple nodules or papules in the skin. These range 
from a few millimeters in diameter to m.isscs re- 
sembling strawberries in size and color. 

The possibility of undcrijing Hodgkin’s disease, 
lymphosarcoma, or Icukcmi.a should be considered 
in evciy' patient with crjptococcosis. 

Diagnosis. Cryptococcal meningitis must be dis- 
tmgubhcd from other diseases which present the 
s)-ndrome of aseptic meningitis (p, 1136) such as 
brain abscess, tuberculous meningilb, and coccidi- 
oidal meningitis. In e.ach of tlu*se, the spinal fluid 
Is sterile by ordinary cultural methods and in.i) 
contain frmn a fc-w to several hundred mononuclc.'ir 
cells, an increased amount of protein, and a redurtxl 
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concentration of glucose. Because C. neoformans is 
recovered with much greater ease than the etiologic 
agents of the other diseases, culture of the ^inal 
fluid is the decisive procedure in differential diag* 
nosis. The cryptococcus is isolated on Sabourauds 
agar at room temperature and can usually be recog- 
nized after 1 to 2 weeks. In tuberculous and coccidi- 
oidal meningitis positive cultures are much fewer, 
and in uncomplicated brain abscess the spinal fluid 
is sterile. Cryptococcal cells may also be found by 
direct microscopic examination of sediment from 
centrifuged spinal fluid. Mixing a drop of sediment 
with India ink on a glass slide facilitates tire recogni- 
tion of the mucinous capsule. The organism can 
also be seen in bssue removed by biopsy. Intra- 
cellular forms with small capsules can resemble 
Histoplasma capsulatiin but may be differentiated 
by mucicarmine, which stains the capsular muco- 
polysaccharide peculiar to C. neoformans. Biopsied 
material should also be inoculated intraperitoneally 
in while mice. Cryptococctis neoformans is highly 
pathogenic for these animals and readily demon- 
strated microscopically in sections or smears of their 
brains. Serologic or skin tests are of no value in 
diagnosis. 

Treatment. All forms of cryptococcosis usually 
improve after intravenous infusions of 75 to 125 
mg amphotericin B daily. Patients without meningo- 
encephalitis can be cured %vith total doses of less 
than 1.5 Gm, but 3,0 Gm is probably rei^uircd for 
Infections of the nervous system. If meningeal re- 
lapse occurs after intravenous treatment, amphoteri- 
cin B may be dissolved in the spinal fluid and 0.5 
mg injected intrathecally on alternate days in con- 
junction with intravenous administration. Strict pre- 
cautions must be taken during intrathecal injection 
to ai’oid bacterial contamination and drug over- 
dosage. One milligram amphotericin B infralhecalJy 
may cause fever, temporary paralysis of the bladder 
and legs, and arachnoiditis. 

Because of the susceptibility of ciyptococci to 
beat, hyperthermia has been suggested as a form of 
treatment but has received bttle trial. 
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IKK NORTH A\fERICAN 
BLASTOMYCOSIS 
Abraham 1. Braude 

Definition. North American blastomycosis is a 
fungous infection of the skin and viscera caused by 
Blastomyces dermatidltis. 

Etiology. In infected tissues, B. dermofiriiJis h.is 
the appearance of a yeast, forming single buds from 
3 to 24 /i, m diameter. Two features aid in recogni- 
tion: (1) its thick wall, spoken of as “double- 
contoured," because the inner and outer margins 
can be seen, and (2) tlie wide opening between 
parent cell and bud at the base of altacliment. 

In culture, the fungus is climorjihic and appears 
as the wrinkled, w'axy yeast form on blood agar 
incubated at 37®C, or as a mold with branching 
hyphae on Sabouraud’s agar at room temperature. 
On microscopic evamination the cultured yeast may 
be identical with that in the infected lesions or may 
have abortive mycelia The myceha give rise to oval 
or pear-shaped exogenous spores. 

Pathogenesis and Pathology. The skin has been 
proposed as a portal of entry because cutaneous 
lesions are prominent and because infections have 
followed injury to the skin. The lung is also a like); 
portal but U\e fungus has never been cultured from 
the soil During tlie epidemic m Cnfton, N C , in 
1954 (Smith, Harris, Conant, and Smith), all pa 
tients had pulmonary disease, and only one had a 
blastomycoUc lesion of the skin; y’ct a respiratory 
mode of transmission could not be proved 

The ch.aractenstlc pathologic fe.ahircs are found 
in the lung and skin. Pulmonary lesions consist of 
focal granulomas or diffuse purulent pneumonu 
and vary in size from miliary nodules to conffiient 
areas involving an entire lobe. Tlic granulomas can 
undergo caseation and fibrosis. Blastomyces derma- 
tiditis is often found within giant cells or other 
phagocytes, facilitating diffcrentialion from tubercu- 
losis. 

The characteristic cutaneous lesion consists of 
microabsccsses just beneath the epidermis, sur- 
rounded by a granulomatous reaction. The epi- 
dermis itself often becomes so hyperplastic Uiat it 
resembles an epithelioma. 

The infection can spread to the brain, bones, uro- 
genital tract, liver, spleen, and lymph noilcs. 

Clinical Manifestations. In the typical case of 
systemic blastomycosis the onset is insidious. Tlic 
patient may seek medical attention lx?causc of a 
persistent “chest coId,“ low-grade fever, weight 
loss, or progressive disability. Physical cT-imiiufion 
and roentgenogram of the chest disclose evidence 
of pneumonia, which can involve any segment nr 
lobe of the lung. Cavitation is frequent, and nie<li 
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astinal lymph nodes may be prominenlly enlaiged. 
Hemoptysis, purulent sputum, chest pain, and 
dyspnea appear as tlie disease progresses. Although 
the pulmonary infection can subside spontaneously, 
extrapiilmonary lesions of the skin, bones, joints, 
and \iscera eventually call attention to dissemina- 
tion in many patients. These metastatic suppurative 
lesions are accompanied by an increase in fever, 
sweats, chills, and weakness. Death in the untreated 
infection sometimes occurs in less than 6 months, 
but most patients li%e for a year or t\vo. Tlie over-all 
mort.ality rate In sjslemic blastom) cosis is said to be 
92 per cent in patients who have been followed for 
2 years or longer without specific therapy. 

Primary infection of the skm (Gilchrist’s disease) 
first appears on an unclothed area such as the 
hands, face, or forearm but not the scalp, palms, or 
soles. Tlie infection begins as a firm nodule sur- 
rounded soon by simdar lesions which tend to coa- 
lesce. Suppuration in the center of the nodule is 
followed by partial healing, and fibrosis as extension 
occurs peripherally. The hyperplasia of the epi- 
thelium gives these lesions a hard, raised, wartlifce 
margin. When fully developed, blastomycosis of the 
skin presents the appearance of one or more ragged 
ulcers with partially healed centers and thick raised 
margins. The primary cutaneous infection may be 
confined to the skin for months or years before it 
spreads to the viscera. 

Diagnosis. Pulmonary blastomycosis closely re- 
sembles tuberculosis, carcinoma of the lung, aspi- 
ration pneumonitis, and other fungous infections 
including coccidioidomycosis, actinomycosis, no- 
cardiosis, and histoplasmosis. Differentiation must 
be based on the recovery of the etiologic agent, 
because neither clinical nor epidemiologic features 
arc specific. Most cases of North Amcncan blasto- 
mycosis are found in the Southeastern United Slates 
and in the Mississippi River Valley, but the disease 
occurs throughout the United States and Canada. 
Occupational history, sex, race, and age are of no 
diagnostic aid. 

It is usu.ally possible to find B. dermaliditis by 
microscopic examination of biopsied material, spu- 
tum, or pus. The thick-wallcd, ycastlike form can 
be readily observed if a drop of purulent material 
IS first mixed on a slide with a drop of 20 per cent 
potassium hydroxide and kept at room temperature 
for 30 min. Bhstomijces dermatiditis is readily 
isolated by culturing pus on Sabouraud’s agar at 
room temperature and on blood agar at 37*C. 
Inoculation of mice or other animals is usually not a 
successful method for recovering tlie fungus because 
of low pathogenicity for laboratory nnimak. 

Tlic \ nine of the skin test for blastomycosis, using 
killed cells or bkastomvcin, is limited because of 
negativ c reactions in patients witli disseminated in- 
• fcction and cross reactions in penons with hyper- 


sensitivity to coccidioidin or histopinsmin The com- 
plement fixation test is positive in high titer with 
sera of patients who have sy’stcmic infections. The 
results of intradermal and serologic tests may be of 
prognostic value Patients with marked dermal hy- 
persensitiv'ity and low scrum titers of complement- 
fixing antibody are said to have a better prognosis 
than those with negative skin tests and high com- 
plement fixation titers. Neutrophilic leukocytosis 
and hypochromic anemia are usually present in sys- 
temic blastomycosis. 

Treatment. Amphotericin B is probably superior 
to 2-hydroxystilbamidme. Either drug is given daily 
or every other day by slow intravenous drip in in- 
creasing doses. The maximum daily dose of ampho- 
tericin B is 75 to 100 mg and that of 2-hydroxystil- 
bamiduie is 250 mg. Complete arrest has been 
observed after a total of 1.0 Cm amphotericin B, 
while 4 to 10 Cm of 2-hydroxy$tilbamidinB may be 
rerptired. Nausea, vomiting, azotemia, and hepatic 
dysfunction often develop from injections of ampho- 
tericin B but disappear when treatment is stopped 
Anesthesia over the distribution of tlie trigeminal 
nerve is the main untoward reaction from 2-hy- 
droxystilb.'imidlno and persists after treatment Sur- 
gical excision of pulmonary cavities or destroyed 
tissues is sometimes necessary in addition to chem- 
otherapy. 
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COCCIDIOIDOMYCOSIS 

Abraham I. Braude 

Definition. Coccidioidomycosis is an infection ac- 
(juited by inhalation of Coccidioidcs immitis, a 
fungus existing only in the mycelial phase in nature 
and converted to a spherule in tissues. Although 
most infections are mild or imapparent, C. immilh 
may produce a fatal disseminated disease with de- 
structive lesions m the lungs, lymph nodes, spleen, 
bver, bones, kidneys, and brain. 

Etiology. Unlike other dimorphic pathogenic 
fungi, C. immitis can be cultured only in the my- 
celial phase. It grows readily at room temperature 
or at 35®C and produces white, cottony myccha. 
As a culture ages, the segmented mycelium breaks 
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up into thick-coated rectangular artJirosjJores, 2 by 
4 p in size. These arthrosporcs can survi\e in stored 
cultures and arc highly infectious for laboratory 
personnel. The mycelium and its spores are patho- 
genic for various laboratory' animals. The mycelial 
form is converted to a thick-walled spherule filled 
\vith endospores in animal tissues. 

Pathogenesis and Pathology. Coccidioidomycosis 
is acquired by inhalation of chJamydosporcs in en- 
demic areas in the semiarid regions of die South- 
western United States and the Chaco district of 
Argentina. The majority of infections occur during 
the dry seasons, particularly after exposure to dust 
storms. The fungus is thought to grow in the soil 
in rainy weather and become disseminated in dust 
during dry weather. This concept is supported by 
isolations of C. immifis from soil and from desert 
rodents. These animals are thought to be a reser- 
voir for contamination of soil. 

The inhaled spores are carried to the terminal 
bronchioles and alveoli, where the first reacb'on is 
an outpouring of polymorphonuclear leukocytes, 
fluid, and a few mononuclear cells. In most cases, 
the organism is probably killed, or at least arrested 
at a stage when tlie lesion is too small to be de- 
tected by clinical means. In others, the organisms 
proliferate and elicit a varying inflammatory re- 
sponse which appears to depend on the rate of 
multiplication of the fungus. The phase of rapid 
multiplication, as manifested by frequent discharge 
of endospores from the ripened spherules, elicits 
suppuration and an exudate rich in polymorpho- 
nudear leukocytes. The phase of slow multiplica- 
tion, >vith infrequent rupture of spherules, produces 
a granulomatom reaction In which epithelioid cells 
and gUrvt cells predon^ate. Although polymorpho- 
nuclear leukocytes congregate about the point of 
rupture of a spherule and actually invade the 
broken capsule, attempts at phagocytosis by these 
cells are unsuccessful. As the released endospores 
develop into spherules, the neutrophilic reaction 
gives way to proliferating mononuclear cells which 
often are able to ingest the fungus. 

Either phase of this inflammatory cycle may pre- 
dominate, or a mixture of the two may be found. 
Rapidly progressive infectious produce large areas 
of confluent suppurative pneumonia and necrosis of 
adjacent bronchi. In contrast, granulomatous lesions 
contain exudates composed almost exclusively of 
mononuclear cells and giant cells which fill the 
^veoli but leave their walls intact. Both reactions 
are accompanied by involvement of the overlying 
pleura and of the hilar and mediastinal lymph 
uodes. Ultimately the bronchopneumonia in most 
putients resolves or heals by fibrosis; in others, the 
lesions are permanently arrested but persist as cavi- 
ties or solid nodules. 

Recovery is accompanied by the development of 
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hypersensitivity to the fungus. This hv-perscnsitivity 
is apparently responsible for at least two special 
pathologic manifesUtions: (1) crythemu nodosum; 
this is a sterile focal nodular granulomatous reaction 
usually limited to the skin of the lower extremities 
and characterized by extravasation of red cells into 
the lesion (p. 1924); (2) pleural effusion. It is be- 
licxed that nipture of a pleural granuloma dis- 
charges antigenic material onto the sensitized 
pleural membranes. 

In patients who do not tend to develop dermal 
hypersensitivit)’, the infection spreads systemically 
to involve lymph nodes, spleen, bones, liver, kidney, 
meninges, skin, adrenals, and pericardium. In tlio 
meninges, the two inflammatory reactions can take 
special forms: (1) the granulomatous reaction is 
commoner and produces a firm plastic lesion %vhich 
encloses the brain stem and other structures in a 
rigid mass of tissue; (2) the suppurative reaction 
results in outpouring of polymorphonuclear leuko- 
cytes with little granulomatous change. In either 
t^e, but especially in the granulomatous, the in- 
volvement of the brain stem can lead to se^’ere 
hydrocephalus. 

Clinical Manifestations. The infection may bo 
either benign or disseminated. The benign infection, 
so-called “desert fes’er,’' is self-limited. As many 
as 50 per cent of benign infections are asympto- 
matic. The remainder are accompanied by symp- 
toms like those of influenza or pneumonia After 
an incubation period of I to 3 weeks, the patient 
expenences fever, chills, fatigue, headache, severe 
arthralgia, and symptoms of respiroto^ infection. 
The most frequent complaint is pooily localized 
chest pain, aggravated by breathing or coughing. 
Some patients ako experience substemal pain on 
swallowing of sufficient seventy to prevent eating 
solid food. A nonproductive cough is common but 
hemoptysis is infrequent. Physical findings are 
scant except in those patients {3 to 20 per cent) 
who develop erythema nodosum or pleural effusion. 
Although hydrothorax may be massive and require 
repeat^ thoracenteses, it eventually resorbs >vitb- 
out further difficulty. 

Despite the paucity of signs in the chest, promi- 
nent abnormalities are found in roentgenograms. 
These include focal areas of pneumonic infiltration, 
hdar and mediastinal lymphadenopathy, pulmonary 
nodules or cavities, and pleural effusion. The com- 
monest are single or multiple infiltrations which 
may appear in any segment and can simulate 
secondary tuberculosis if the upper lobe is inTOlved. 
They usually resolve after several weeks. 

In about 2 per cent of benign infections a solid 
or cavitary pulmonary lesion remains after the active 
stage is over. The typical cavity of coccidioidomy- 
cosis is peripheral, has a thin wall, and gives a 
cystlike appearance in roentgenograms. Broncho- 
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scopic examination may disclose stenosis and ulcera* 
tion of the brondius leading to the corresponding 
lobe. This deep bronchial disease is responsible for 
the distention of the cai’ities. Residual solid lesions 
can be as Urge as 3 cm in diameter. Both solid 
and cavitary lesions are commoner in the upper 
lobes Calcification is rare. 

In a relatiiely few indinduals (0.05 to 0.2 pet 
cent), the primary infection progresses to the dis- 
seminated form of the disease. Disscminalion usu- 
ally occurs Within a few months of infection. Dark- 
skinned persons are more xxilncrablc to ibis 1)^)0 
of spread and experience a higher death rate. 
Among Negroes and Filipinos, 85 to 90 per cent 
with dissemination succumb, as compared to 50 
per cent of whites. Patients who dexelop progres- 
sive coccidioidomycosis do not give a history of 
erythema nodosum. 

The course of disseminated infection is marked 
by the appearance of fungatmg or ulcerating skin 
lesions, multiple pulmonary nodules or cavities, 
widespread destructive lymphadenopathy, osteo- 
myelitis, and meningitis. V'eight loss, fex’cr, and 
weekmess are the outstanding systemic manifesta- 
tions, and the course is often rapid with death 
occurring in less than a year. If vital organs arc 
spared, however, patients widi disseminated coc- 
cidioidomycosis may feel surprisingly well, continue 
to work, and even gain weight despite the presence 
of large numbers of C. imniids in the sputum or sub- 
cutaneous abscesses. The meningeal form is invaria- 
bly fatal, but even this is compatible with survival 
for several years. In the presence of mcningib's with 
progressive hydrocephalus, pabents experience se- 
vere headaches, cranial nerve palsies, memory’ dis- 
turbances, and disorientation. The spinal Quid shows 
100 to 200 cells, mostly mononuclear, elevated pro- 
tein, and frequently a reduction in glucose con- 
centration 

Diasnosis, ^Vith the exception of meningitis, C. 
immitls is easily recovered from the lesions of dis- 
seminated coccidioidomycosis by direct examination 
and cultures of exudates or biopsied tissues. The 
characteristic spherule with endosporcs is best seen 
in purulent material treated with 20 per cent potas- 
sium hydroxide Occasionally, in biopsied tissue, 
spherules may all be immature and contain no endo- 
sporcs, making Uiem indistinguishable from Btasto- 
mt/ecs dcTmalidilts Cultural idenbfication becomes 
essential for diagnosis On Sabouraud agar, mycelial 
growth appears m 4 to 8 days, and inoculation of 
mice produces multiple necrotic lesions containing 
spherules. In meningitis, only a few spherules ap- 
pc.ir m the spinal fluid, despite the presence of 
large numbers in tlie granulomatous e.xudate around 
the brain stem Occ.isiimally, the culture of 20 to 
30 ml of spinal fluid yields positive results, but 


somctuncs the diagnosis can only be based on sero- 
logic tests 

Serologic tests are performed with coccidioidm, 
a filtrate from cultures of C. iminifis. By the third 
w-eck of primary infection, precipitins are found in 
the serum of 91 per cent of patients with sympto- 
matic infection but in only 7 per cent of asympto- 
matic individuals. Complement-fixing anbbodies ap- 
pear later and persist longer than piccipitins in 
noiidisscminated coccidioidomycosis; they are al- 
most always present in the disseminated disc.asc. 
Intradeimal tests with coccidioidin are of value in 
the recognition of primary benign infctlions because 
they bcc-ome positive before the precipitins appc.vr, 
but in disseminated infection the skin test is fie- 
qucntly’ negative. 

Tlie rocntgenographic appearance of pulmonary 
lesions is suggestive of primary coc-cidioidomycosis 
if hilar Jymi'hadenopatliy’ progresses while the pa- 
renchymal infiltrate is subsiding or if the adenop- 
athy is associated witli multiple areas of pneumo- 
nitis A residual smoolli, thin-walled cavity without 
surrounding parendiymal infiltration is also charac- 
teristic of the primary form of the disease Other 
residual lesions include calcified or noncalcificd 
nodular foci and localized bronchiectasis In dis- 
seminated pulmonary infection the commonest pic- 
ture is that of multiple infiltrations accompanied 
by pleural involvement and prominent hilar or 
mediastinal lymphndcnopatliy. 

The only remarkable hematologic finding is 
eosinophili.-!, winch may re-ach 35 per cent of the 
total leukocyte count in tlie prunary disease. 

Treatment. Intensive intravenous treatment with 
amphotencm B in daily doses of 1.0 mg per kg 
body weight appears to be highly effective m e.xtr.i- 
mcningeal coccidioidomycosis. Coccidioidal menin- 
gitis requires repeated intratliccal injections of 0 5 
mg amphotericin B. The tot.nl dose necessary for 
successful treatment varies from Jess than 1.0 Cm to 
more than 10.0 Gm intravenously and as much os 
45 mg inliatliccally. Severe nausea, venous throm- 
bosis, and re\ ersible impairment of renal and 
hepatic function often interrupt tlie treatment 
schetlule, but persistent administration of ampho- 
tencin B m the face of troublesome side effects is 
required for favorable cLnical results. A fall m 
titer of complement-fixing antibodies and a return 
of coccidioidin skin sensitivity are signs of effective 
treatment. Drug therapy should be supplemented 
if possible by surgical removal of peripheral granu- 
lomas. 

Primary surgical excision of residual pulmonary 
foci is indicated if these lesions become troublesome 
because of secondary infection or hemopty’sis. Dis- 
semination of the disease from these foci almost 
never occurs. 
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HISTOPLASMOSIS 

Abraham 1. Braude 

Definition. Histoplasmosis is a protean infection 
caused by the dimorphic fungus ilistoplasma capsu- 
htum, an organism found as a tiny body within 
rcticuloendotlielial cells. The disease varies from 
mdd Of unnoticed respiratory infection to widely 
disseminated lethal disease characterized by fever, 
anemia, hepatomegaly, splenomegaly, leukopenia, 
pulmonary’ lesions, ulcerations of the gastrointestinal 
tract, and adrenal necrosis. 

Etiology. Although II. capsulatum gro'vs on Sa- 
hourauds agar at room temperature as a spore- 
bearing mold. It is transformed upon animal inoc- 
ulation into noncncapsulatcd oval y’e.'istlike cells 
measuring 2 by 4 /it. In histologic section the proto- 
plasm is shrunken so that the unstained space be- 
neath the cell wall has the appearance of a capsule 
The name capsulatum is based on a misinlerpiela- 
tion of the nature of this unstained space. The 
fungus also grows in the yeastlike phase if incubated 
at in sealed tubes of blood agar. The most 

distinctive cultural feature, however, is the tuber- 
culate chlamydospoTC found only on mycelia; it is 
round, 10 by 20 p. in diameter, and covered wth 
warty projections. Another smaller spore, not dis- 
bnguishable from that of Blastomyces dermatidttis, 
IS also present on the mycelium. 
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Pathology and Pathogenesis, The source of 
human infection is probably soil containing spores 
of llistoplasma. Several studies have emphasized 
the isolation of the fungus from soil in areas in- 
habited by chickens. In most cases the portal of 
entry is probably the lung, where a primary complex 
may be formed by extension of infection from the 
pulmonary focus to the regional I}'mph nodes. In- 
fection llirough the gastrointestinal tract must also 
be considered in patients whose initial lesions are in 
the mouth and pharynx. 

The basic pathologic process is the multiplication 
of H. capsulatum in cells of the reticuloendothelial 
s)’stcm. The yeast form multiplies extensively and 
greatly distends the cells. As proliferating histiocytes 
encroach on parenchymal cells, the infected organ 
becomes enlarged. The liver, lymph nodes, lung, 
spleen, adrenal, bou'el, and marrow may be affected 
by this diffuse reticuloendothelial disturbance in 
disseminated histoplasmosis 

In addition to the diffuse lesions of the reticulo- 
endothelial system, the tissues contain nodular ac- 
cumuIaUons of epithelioid cells and giant cells of 
the Langhans type. The nonenseous granuloma 
probably represents an effective defensive action, 
and histoplasma organisms are difficult to demon- 
strate in the epithelioid cells of such a lesion. 

Caseous necrosis may accompany both types of 
lesion. The adrenals, which are involved in nearly 
all disseminated infections, are often massively en- 
larged. Caseous necrosis is usually present in the 
center of the pulmonary granulomas, which resem- 
ble those of cavitary pulmonaiy tuberculosis. Necro- 
tizing histoplasmosis may also take the form of 
renal papillitis. Extmcellular forms of histoplasma 
are readily found in the necrotic areas of all organs 
by special stains (periodic acid-Schiff, Gridley). 
These extracellular organisms may be much larger 
than the mtmcellular ones, appear distorted, and 
occasionally assume the mycelial form. 

Clinical Manifestations. The signs and symptoms 
of histoplasmosis range from those of a slight self- 
limited infection to the overwhelming disturbances 
of fatal disseminated disease. The high incidence 
of positive rntradermal reactions to histoplasmosis in 
Jiealthy persons in many parts of the world indicates 
that most infections by II. capsulatum are in- 
opparent or very mild. This variability in seventy 
is observed among different persons involved in the 
same outbreak. Severe infections are characterized 
by prolonged fever, dyspnea, chest pain, vv’eight 
loss, prostration, widespread pulmonary infiltrates, 
hepatomegaly, and splenomegaly. Other infected 
persons may exhibit only a benign acute pneumoni- 
tis lasting a week or Jess, while still others are 
entirely free of sjinptoms Widespread ill-defined 
noncalcificd pulmonary infiltrates of miliary size or 




DISEASES DUE TO BIOLOGIC AGENTS 


loco SEC. 10 
larger arc found in sjmptomatic infections and may 
also be present, nltliough less extensively, in the 
asymptomatic ones. Eventually, pulmonary lesions 
cither disappear or calcify. In the east central p.irt 
of the United States there is a high incidence of 
pulmonary calcification in persons who have nega* 
live tuberculin and positive histoplasmin slin tests. 

Least resistance to histoplasmosis is encountered 
in jxiung infants and adults after the fifth decade. 
Most cases of disseminated infection Ime occurred 
at these extremes of life, but \\’ilh somewhat dif- 
ferent clinical manifestations In the two groups. In 
the infant there are fc\'cr, emaciation, anemia, and 
leuhopcnia, and evidence of widespread Involve- 
ment of many viscera including the liver, spleen, 
lung, bowel, ]}mph nodes, adrenals, shin, kidney, 
brain, c)e, or endocardium. While the same degree 
of dissemination may occasionally occur in the adult, 
usually the visceral involvement is less widespread. 
Unlike the disease in infancy, adult histoplasmosis 
shows a marked prcddcclion for men. Histoplasmo- 
sis of the lips, mouth, nose, and larynx occurs almost 
exclusively in adults and is the initial manifestation 
in obout unu-third of the fatal coses. Among the 
various svTidromes encountered are subacute vegeta- 
tive endocarditis, massive l)-mphadenopalhy re- 
sembling tuberculosis or lymphoma, various forms 
of pneumonia including an interstitial typo wrth 
c.ipi]Iar)'-alvcolar block, and meningibs. Tlie last is 
characterized by signs of basilar localization with 
spinal Iluid findings and a clinical course identical 
with those of tuberculous meningitis. 

In addition to the acute benign and disseminated 
infections, chronic localized histoplasmosis occurs in 
adults Although frequently accompanied by necro- 
sis or ulccr.ition, this form is basically a granuloma, 
and its tendency to remain localized is probably 
related to the cifcctive defensive activity of the 
granulomatous reaction. 

Two mam clinical types of clironic localized his- 
toplasmosis ore encountered: (1) Fulmonanj. This 
m.ny resemble pulmonaiy tuberculosis In all respects 
The patient can be os)mptomatic or eompbin of a 
chronic .iml occasionally productive cough Bocnl- 
genograms vvill show lesions identical with lliosc of 
rcmfettinn tuberculosis, sometimes with r3vil.ilion, 
.and acx-ompanied by consistently positive culhircs 
of sputum for II. ccpwlatum. (2) Mucoaitaticoiis, 
Ulcers of the mouth, tongue, pharynx, gums, 
l.ir)7ix, penis, or bladder arc rare lesions found only 
in adults. Hcgional Ijinphadenopathy is common in 
these types. 

Diagnosis. Isolation of II. capsulatiim is not diffi- 
cult in dissj minateil or chronic localized infections 
if cultures are made of bone marrow, blood, bi- 
opsied ksions, sputum, or exudate from on ulcer, 
cr Incubation of infected material on S'lbotiraud 
r at room temperature there appears a white 


cottony colony which later turns brown and prov 
duces the diagnostic tuberculate chlamydosporcs. 
Material may also be cultured at 37®C on Francis’ 
medium or blood agar, but the growtli is )eastlikc, 
and the diagnostic spores arc not found Isolation 
from sputum is best accomplished in mice, because 
contaminants are suppressed and the mouse is ex« 
trcmely susceptible to infection by histoplasmas, 
The animal does not die, but subculture of the 
spleen one month later on Sabouraud agar yields 
the organism. Histoplasmas may also be seen m 
bone marrow, material from open or biopsied Ic- 
sions, and occasionally in blood smears of terminally 
ill patients. Special fungus stains (periodic acid^ 
Schiil, Cridley) should be used. Certain intra- 
cellular forms of Cnjptococcus neoformans may bo 
indistinguishable from Instoplasma in histologic sec- 
tions, unless strains for the cryptococcal mutinous 
capsule arc employed. 

In tliosc cases from wliich II. capsulatum cannot 
be isolated, indirect clues to identification are: (1) 
history of exposure to soil or dust in an endemic 
area, (2) positive complement fixation tests, (3) 
positive histoplasmin sun tests, and (4) develop- 
ment of miliary calcifications in the lung. Although 
these criteria are not dependable individually, they 
appear to be reliable when used together. The sero- 
logic and skin tests are frequently negative in cul- 
turally proved cases of histoplasmosis, and their 
specificity is not fully established. , 

Histoplasmosis must be differentiated from tu- 
bcrculosb, sarcoid, leukemia, infectious mononucle- 
osis, Hodgkin's disease, brucellosis, and kala-azar 
Because cortisone is frequently of value in sarcoid, 
hut can cause dissemination in histoplasmosis, dif- 
ferential diagnosis between these two diseases is 
critical. Biopsied tissue in both diseases contains 
moipholqgically identical granulomas. For this rea- 
son tile diagnosis of sarcoid should be witlihclcl 
until tissues have been examined with special fun- 
gus stains. In kala-azar llie intracellular Leishman- 
Dunovan body bears a close resemblance to II. 
capsulatum, and cultural isolation of the fungus m.iy 
be important in distinguishing between the hvo 

Treatment. Amphotericin 0, m intravenous closes 
of SO to 100 mg daily, is cilcctive in all forms of 
Imtoplasmosis Treatment given daily, or on alter- 
nate days, must be conliniic-d for periods varying 
from One month to many months. Sulfadiazine or 
triple sulfonamides have also been effective in 
adults in oral doses of G Cm daily and may be given 
in conjunction with Intravenous amphotericin B, 
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SPOROTRICHOSIS 

Abraham J. I3rai/rlc 


Definition. Sporotrichosis Is ft chronic infection 
due to Sporotrfchitm jchmrl.1. It is characterized by 
the* formation of suppurating notliilos along the 
I)Tnphalics of the skin and std)ciitancou$ tissues. 
Hematogenous dissemination is rare. 

Etiology, The fungus S. schcncU is dimorphic. 
On Sabouraud's agar at room tempenture its 
growth is m)ce!i.il, but in t!ic tissue it t.ik«,*s the form 
of tiny, clgar*sh.nped je.isl cells. Tlie yeast phase 
also develops In vitro by incubation at 37*C on 
blood agar contaiulog cystine, 

Pathogenesis and i’atliology. The fungus lives as 
a saprophyte on vegtfl.ition and penetrates the 
funds when the skin is broken. Many c.nsc$ have 
followed injury by thorns, and an outbreak of 
sporotrichosis occurred among South African natives 
exposed to S. sclicnckl growing on timbers support- 
ing a gold mine. 

After penetrating the skin, the fungus spreads 
up the extremities and evokes nodular lesions along 
the thickened lymphatics Microscopically the nod- 
ules arc granuiomas with central necrosis. In ex- 
ceedingly rare infections the org.inism may become 
disseminated tliroiighout the subcutaneous tissues, 
the Incr, testicles, bone, and kidney. Disseminated 
disease is not usually accomp-vnied by primary in- 
fections of the extremities, and its portal of entry', 
therefore, is believed to be in the gastrointestinal 
tract 

Clinical Manifestations. There is a marked dis- 
proportion between symptoms and findings. A cliain 
of hard, reddened discrete lumps extends up tlie 
arm or leg to the axilla or groin, and the intervening 
lymphatics are red and thickened, but there is no 


cjur. 158 1001 

pain, fever, or other constitutional symptoms Older 
nodules often rupture to produce fistulas or ulcers. 
In tlie rare p.itient with disseminated sporotrichosis, 
constitutional symptoms may be marked and the 
disease rapidly fatal. Unlike other disseminated 
mycoses, sporotrichosis almost never involves the 
lungs or central nervous system. 

Without treatment, sporotrichosis does not heal, 
and the lesions often become secondarily infected 
with bacteria. 

Diagnosis. Tlie fungus cannot be seen upon 
microscopic examination of biopsied material or pus 
in most cases. Cultural isolation is invariably suc- 
cessful, however, if pus is aspirated from an un- 
broken nodule and inoculated onto Sabouraud agar 
The growth at first has the soft creamy character of 
biclorial colonics and later develops a wTinkled dark 
brown appearance without the cottonlike filament 
of most molds. Microscopically, typical clusters of 
pear-shaped spores are found at the tips of conidio- 
pliorcs arising from tlie tangled mass of dchcatc 
branched mycelia. If the mold, or the pus fs inoc- 
tibted mlrapcriloneally into mice or rats, numerous 
yeast forms wnl) be seen in lesions of the peritoneal 
cavity or testicle, where Uicy take the form of gram- 
positive clgar-shapcd rods witliin polymorphonu- 
clear Icukocyics. 

Hccovciy of tlie organism by these techiuques 
permits ready diflerentualion of sporotrichosis from 
other chronic infections of the subcutaneous (issues 
such as syphilis, tularcmka. blastomycosis, coccidi- 
oldomycosis, and tuberculosis (see p. 999). The 
hard sporotrichotic lesions are sometimes mistaken 
for syphilitic gummas, and their response to iodides 
can be interpreted as therapeutic proof of the diag- 
nosis. 

Treatment. Sporotrichosis is almost invariably 
dramatically cured by saturated potassium lodide 
This should be given orally in starting doses of 10 
drops t.id. after meals and gradually increased to 
the point of maximum tolerance. Treatment should 
be continued for a month after lesions dis.nppear. 
Additional local therapy may be required for cuta- 
neous ulcers, which should be painted with tinc- 
ture of iodine. It may also be necessary to excise 
the epidermal lesions, as these do not usually sub- 
side with oral iodides. 
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MONILIASIS (Candidiasis) 

Abraham I. Braude 

Definition. Moniliasis is a common mJd muco- 
cutaneous infection due to Candida albicans. This 
fungus is also an unusual cause of widespread 
visceral infection. 

Etiology. Among the many species of Candida, 
only C albicans is pathogenic for man. On the usual 
nutrient laboratory media C. albicans grows as a 
budding )c.ist in creamy ^vhitc colonies, but pro- 
duces botli mjcelia and yeastlibe cells in infected 
tissues 

Pathogenesis. Candida albicans resides normally 
on the mucous membranes and is frequently cul- 
tured from tlie mouth and feces of persons in good 
health. The rate of cultural isolation from feces in 
numerous surveys has ranged from 14 to 19 per cent. 
In dcbiLtatcd infants, and sometimes in adults, the 
fungus may produce white patches on the buccal 
mucosa and initiate mild inflammatory reaction m 
the underlying tissues. In pregnancy and diabetes, 
C. albicans frequently establishes a mild superficial 
infection of the vagina Presumably, the high glyco- 
gen content of the vaginal mucosa m pregnancy and 
the glycosuria of diabetes favor its growth. Candida 
multiplies excessively in the bowel or mouth if the 
normal bacterial fiora are suppressed by chemo- 
therapy. Although true infection seldom accom- 
panies this o^e^gro^vth of Candida, the large in- 
oculum provides a tlireat in debilitated persons who 
may develop aspiration pneumonia or even Candida 
septicemia. Tlie kidney and brain bear the brunt of 
hcm.'itogenous infection, but lesions also occur in 
the thyroid, myocardium, endoc.\rdium, pancreas, 
adrenals, and liver. The visceral lesions are granu- 
lomatous nodules or abscesses containing bodi 
mycelia and yeastlikc cells 

Clinical Manifestations. No systemic disturbances 
accompany the local signs of mucocutaneous in- 
fection. Infection of the mucous membranes, fcnCAvn 
as thrush, gives rise only to soft white patches on 
the tonsils, cheeks, gums, and tongue. Tliese patclies 
are easily removed and lease a reddened surface 
Although usually self-limitcd, the disease may be- 
c-oine chronic and spread to other mucosal surfaces 
or intertnginous areas in the groins, the antccubital 
foss.ie, tlie intcrdigital folds, the inframammaiy 
areas, tlie umliilicus, and the avillas. Eczematoid 
lesions and vesicles are also found in vulvovaginal 
nioniliasts of pregnancy or diabetes. 

Aspiration pneumonia is probably the chief form 
of visceral moniliasis. It is seen in debilitated per- 
sons, often in the course of intensive therapy with 
tctr.icy cJme or other antibiotics, and mny be accom- 
p.mied by mixed infection with bacteria. Cough, 
dic-st pain, and high fever are prominent. Less ex- 
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tensive involvements of the lung are said to heal 
completely or progress to chronic infections, but tlit 
disease is sometimes fatal 

Septicemic infections are seen in tlie late stages 
of severe debilitating disease and seem to occur 
most commonly In children receiving intensive anti- 
biotic therapy. Acute disseminated moniliasis m.iv 
be suspected in debilitated adults who suddenly 
develop fever, shock, azotemia, depressed sen- 
sonum, and gastrointestinal bleeding after receiving 
continuous antibiotic treatment. Septicemic moni- 
liasis also accompanies vegetative endocarditis, a 
disease that has been described mainly in narcotic 
addicts. Meningitis is another rare form of monilia- 
sis; it produces a clmical syndrome similar to tuber- 
culous meningitis. 

Diasnosis. In thrush, the organisms arc seen upon 
microscopic examination of the white patches as 
a tangled mass of mycelia and yeasthke cells. They 
grow readily on Sabournud agar. In septicemias the 
fungus can be isolated repeatedly from tlie blood 
Pulmonary mondiasis may be difficult to recognize, 
because C. albicans is a normal resident of the oro- 
pharynx and may appear in the sputum in the ab. 
sence of respiratory infection For this reason, it is 
often impossible to be certain of the diagnosis of 
pulmonary moniliasis unless the organism is demon- 
stratecl in pulmonary lesions at autopsy or surgery. 

Treatment. Tlirusk and v aginal mondiasis are best 
treated by nystatin administered orally in doses of 
500,000 units t.i d Topical therapy with nystatin 
ointments or with alcoholic solutions of genlun 
violet IS effective in cutaneous momhasis Nystatin 
may also be of some benefit m preventing candidal 
pneumotua or septicemia in debilitated persons 
whose mouth and intestines have become over- 
grovvm with Candida during treatment v\ith anti- 
biotics. Intrav enous .impliotericin B in doses of 1 0 
mg per kg body weight daily is said to be effective 
m treating systemic moniliasis 
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MUCORMYCOSIS 

Abraham 1. Braude 


DcBnition. Mucormycosis is a rare but maligi^ant 
infection of cranial, pulmonar}', and abdominal 
blood vessels in diabetic and other acidotic patients. 
It is due to a fungus assumed to be a member of the 
order Mucorales on the basis of its morphology in 
fixed tissues and the rare isolation of Rhtzapus 
onjzae. The most frequent manifestations are oph- 
tlialmoplegia and meningoencephalitis. 

Etiology. The etiologic agent has never been 
cultured from the brain or spinal fluid e\'en when 
expert m) cologic techniques were used with fresh 
cerebral tissues bnon-n to harbor tlie characteristic 
mjcelium. The mj-celium is broad, branching, and 
aseptate, with a diameter of 6 to 15 /i. The fangus 
Rhizopus OTijzac, a species of tlie order Mucorales, 
has been recovered fiom paranasal sinuses of fatal 
cases, and the mycelia in culture were identical in 
appearance with those in the brain. Because knens-n 
members of tlie order Mucorales grow readily on 
ordinary media, the failure of cultural isolation from 
Iho brain remains tv puzzle. 

Pathogenesis. These fungi abound in soil, 
manure, and starchy foodstuffs, but only become 
pathogenic for man in rare cases of diabetic acidosis 
and even less commonly in patients debilitated by 
nrcmic acidosis, leukemia, or massive corticosteroid 
therapy. The usual portal of entry appears to be the 
paranasal sinuses; from there the organism is 
thought to extend along the invaded vessels to the 
rctroorbital tissues and cerebrum. Thrombosis of 
arteries and veins leads to multiple infarcts through- 
out the brain but only minima! inflammatory re- 
sponse to the mycelia. Cerebral mucormycosis may 
be associated with hematogenous spread to pulmo- 
naiy and intestinal vessels. Pulmonary and intestinal 
infarction may also develop as a primary infection 
apparently after inhalation or ingestion of the 
fungus. Organisms probably penetrate the walls of 
bronchi or intestine and infect the adjacent li»lar 
or mesenteric vessels. Intestinal mucormycosis takes 
the fnmi of hemorrh.igic segmental infarction of 
the ilcum nr colon. 

Clinical Manifestations. Cerebral mucormycosis 
IS characterized by three features! (1) uncontrolled 
diabetes with acidosis, (2) ophthalmoplegia, and 
(3) signs of acute diffuse cerebrovascular disease, 
lllicn liic patient is first seen, drowsiness and sepu- 
stupor are usually attributed to the metabolic dis- 
turbance, but the cerebral manifestations persist and 
progress after the acidosis is corrected. Headache 
and fever are prominent. 

In addition to complete inlem.al and external 
‘’phthalmopIcgM, tlim* may Ik* edema of the eje- 
b'b and retina and signs of retinal vaseuHr occlu- 
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sion. Nuchal rigiditv" and mild mononuclear pleocy- 
tosis in Uie spinal fluid liavc also been described. 
Piilmonaiy miieorm)cosis ma) start gradually or 
suddenly with chest pain, fever, hcmoptj’sis, and a 
friction rub. A few cases have been described in 
which the orbit or sinuses were infected without 
extension to the brain. 

Diagnosis. The s) ndrome of cerebral mucormyco- 
sis is so characteristic tint it can be recognized bv 
its clinical features alone. 

Prognosis. Mucormycosis is almost invari.nWy 
fatal. Rare cases of recovery have followed control 
of diabetic acidosis. 

Treatment. Tlicre is no specific chemotherapy. 
Treatment should be directed toward rapid correc- 
tion of the h)-perglycemfa and acidosis with the 
hope that remission will occur in patients who have 
not suffered irreparable neurologic dam.ige. Surgi- 
cal removal of infected lung has been successful. 
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NOCARDIOSIS 

Abraham 1. Braude 


Definition. Nocardiosis, an infection caused by 
an aerobic actinomycele, m.vy produce lung ab- 
scesses and spread to the brain and elsewhere, or 
it may appear as a clironic deforming granulomatous 
infection limiterl to the foot (maduromycosis). 

Etiology. Pulmonary and disscmin.ited nocardio- 
sis usMally result from infection with Nocr/rd/fj 
osicToUlcs, This organism is relatively acid-fast, and 
its b-icillary form resembles the tubercle bacillus 
The folloaving properties of lY. aticroidcs pennit 
easy diffcrentralion from the tubercle bacillus: (1) 
rapid growlli on Salrouraud's mcrlium or on 10 per 
cent blood agar with colonies appe.aring in 3 to 14 
day's at room temperature; (2) the presence in 
exudates of long-branched mvcchal forms In addi- 
tion to the bacillary forms; (3) rapid killing of 
giim(‘.t pigs and rabbits inocuhted intnperitcmralb 
and llic recovery of .Y. arfernidrs from rnilurv ikkI- 
ulex in llir .-dwloninial viscera, dcatf: of guinea pi;;s 
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occurs in less than a week from pathogenic straiiis. 
(4) gram-positive staining reaction. 

Pathogenesis. Nocardta asteroides can be tea?'’" 
ered re.idily from soil. Nocardiosis appears, thefc* 
fore, to be an exogenous infection usually having its 
porta! of entry in the lungs. In almost every patient 
with nocardiosis (other Uian maduromycosis) the 
earliest and most extensive lesions arc pulmonafy- 
These lesions are accompanied by neither the f”* 
tense fibrosis nor tlie granulomatous reaction of 
pulmonary actinomycosis; they are acute suppujO- 
live foci containing acid-fast, branching, nocard^il 
filaments. A well-defined wall is absent, a fact which 
probably accounts for the marked tendency' of ro- 
cardial abscesses to spiead to the brain and to 
lesser extent to the spleen, skin, peritoneum, aod 
Vi6ney. 

Clinical Manifestations. The chief symptom is 
rough, usually productive of a thick, sometimes 
bloody, sputum. Cliest pain and djspnea are com- 
mon. These symptoms are usually accompanied by 
fever, sweats, chills, leukocytosis, weakness ano- 
rexia, and weight loss. The illness may be pm- 
longed and present the picture of a chronic pul- 
monary infection resembling tuberculosis, lung 
scess, or unresolved suppurative pneumonia. In 
nearly one-third of the patients this syndrome is 
Interrupted suddenly by the acute neurologic 
changes of metastatic brain abscess At this time 
the patient may experience severe headache «md 
focal sensory' or motor disturbances. The protein, 
cells, and pressure of the spinal fluid are increased, 
but the concentration of glucose is not reduced un- 
less the meninges are also infected. Infection of the 
skin IS frequent and produces numerous scattered 
abscesses or single draining sinuses of the han<l> 
chest wall, or buttocks. 

The disease is usually fatal, but the duration 
vanes from months to years. 

Diagnosis. Because patients with nocardiosis am 
usually suspected of having tuberculosis, thmr 
sputums are likely to be examined for tubercle b"'* 
cilli The usual methods for concentrating lulicrtfic 
bacilli often iiuctivate iV. asU'fOtdcs, however, and 
the fungus may not be recovered after such ticat- 
ment despite the readiness with whith it otherwise 
grows on a variety of media. N<Kardia as/eroif/c* 
may also be overlooked in sme.irs stained l>y tl>c 
Ziehl-Neelscn method, because it is less resistant 
than the tubercle bacillus to the decolorizing actim* 
of acid alcohol If nocardiosis is suspected on elm- 
ical grounds, precautions must be taken, therrfoi®. 
against killing the organism by sputum concenim- 
lion methods and against overdecolorizing it. The 
first can be avoided by concentrating with tn- 
, odium phosphate; the second by using a weak soh** 
’ nf .iii<! .droliol 

^.Mlhough sulfur granules are not found m pid* 


monary or disseminated nocardiosis, the gram-posi- 
tive filamentous organisms in nocardial exudates 
often resemble those found in infections due to 
Actinomyces bovU. The two pathogens can be 
distinguished, however, by the ease with which N. 
asteroides is cultivated on Sabouraud or blood agar 
aerobically, by its acid-fast staining characteristics, 
and by- its pathogenicity for guinea pigs and rab- 
bits. If biopsy material is available, the non- 
granulomatous and minimally fibrotic character of 
the nocardial suppurative reaction also helps to 
distinguish it from that seen in infections due to 
A. boots The absence of tubercles, of course, is 
valuable m differential diagnosis from tuberculosis. 

The isolation of a few colonies of nocardia from 
sputum or gastric juice is by no means diagnostic of 
iitJtuiiiiWi xnict.'tttm. TV/is uigainsm is xvii^iy ins- 
tributcd as a saprophyte and only rarely achieves 
pathologic significance. 

Treatment. Sulfadiazine is sometimes successful 
in the treatment of nocardiosis. PeniaUin and the 
tetracycline derivatives appear ineffective, although 
the number of cases treated have been too few for 
definite evaluation of these agents. The resistance 
of a patient with nocardiosis to the tetracyclines and 
penicillin may be used in distinguishing it from 
actinomycosis due to A. bovis and other pulmonary 
infections which respond to these antibiotics. Pa- 
tients with nocardiosis should receive 8 to 12 Cm 
sulfadi-nzine daily. Despite the poor clinical results 
vvilli penicillin and o.xytctracycline, in vitro tests are 
w'arranted to determine the sensitivity of each new 
strain of N. csfcroidcs to various antibiotics An 
antibiotic selected on this basis can be used to sup- 
plement the sulfonamides. 
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OTHER DEEP MYCOSES 

Abraham 1. Braude 

ASPERGILLOSIS 

Definition. Aspergillosis is an uncommon infection 
produced by Aspergillus ftnnlgaUis and other 
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species of Aspergillus, a group of fungi of low 
pathogenicity for man unless resistance is overcome 
by an overwhelming inoculum or debilitating diness. 
The disease may become disseminated or remain 
localized to the lung, ear, orbit, or paranasal sinuses. 

Etiology. Aspergilli assume the mycelial form 
both in culture and infected tissues. They are hardy, 
\riclely prevalent organisms and grow rapidly on all 
culture media at room temperature or as 

colored woolly colonies peppered with blaclc dots. 
They are composed of segmented mycelia that hear 
masses of small round spores on a knoblike swelling 
at the end of specialized mycelial stalks known as 
conidiophores. 

Patliogenesis and Pathology. Primary infection 
of the lung usually develops after inhalation of 
massive numbers of spores from mycelia growing on 
grain. Pulmonary ospcrgdlosis was an occupational 
disease in persons who fattened squabs by forcing 
masticated grain from their moutlis into the esoph- 
agus of the birds. Secondary pulmonary infection 
may be superimposed on tuberculous cavities, 
brondueclasis, and bronchogenic carcinoma or may 
become established after resistance is lowered by 
leukopenia, Hodgkin's disease, irradiation, and 
other debilitating processes. Excessive use of 
adrenal steroids or antibiotics is also thought to 
favor secondary invasion by aspergilli. The most 
distinctive pulmonary lesion is the aspergilloma, a 
mjcellal mass In a fibrous cavity lined witli 
bronchial epithelium. Chronic granulomatous lung 
lesions resembling tuberculosis Iiave also been de- 
scribed. More destructive infections take the form 
of bronchopneumonia and lung abscesses. Throm- 
bosis of pulmonary \’cssels by invading mycelia 
leads to local necrosis with hemattliage and to 
hematogenous abscesses in the brain, lung, kidney, 
spleen, heart, and thyroid. Primary infections of 
the ear, orbit, and nasal sinuses may also be inva- 
sive and extend locally into the middle ear and 
brain. In all lesions, mycelia are prominently ob- 
served in tissues stained with Schiff’s periodic 
acid or Gram’s stain. 

Clinical Manifestations. In pulmonary aspergillo- 
mas the chief symptom is hemoptysis. AspergflJus 
lung abscesses and granulomas are associated with 
cough and fever. In fulminating disseminated in- 
fections, pulmonary manifestations are often over- 
shadowed by coma and other signs of cerebral in- 
fection. Fever, joint pains, and skin eruptions last- 
ing for a few weeks or months may also accompany 
disseminated aspergillosis. 

Diagnosis. Cultures of aspergilli has no diagnostic 
value unless they are obtained directly from in- 
fected tissues. They are frequently present in the 
mouth and in sputum cultures in the absence of 
aspergillus infection. They are also present in the 
air and may contaminate uninfected biopsy speci- 
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mens unless strict sterile precautions are observed. 
Cultural findings should be confirmed by demon- 
stration of the characteristic septate mycelia in 
biop^ material. Diagnosis should not be based 
alone on the morphology of the fungus in tissue 
section witliout simultaneous culture because its 
mycelia may be confused with those found in the 
tissues in candidiasis and mucormycosis. 

Aspergillomas of the lung can usually be recog- 
nized by the unique appearance in roentgenograms 
of a crescentic radioluccncy surrounding a circulai 
mass. In other forms of pulmonary aspergillosis tlie 
roentgem^am is not diagnostic and may resemble 
bronchogenic carcinoma, bacteria] lung abscess, and 
tuberculosis. 

Treatment. Localized lesions have been success- 
fully excised from both the lung and the brain. The 
value of chemotherapy remains to be established. 


GEOTRJCHOSIS 

Definition. Geotrichosis is die name given to cer- 
tain disorders of the mouth, bronchi, and intestinal 
tract from which Ceofrichlum candidtim has been 
isolated. This fungus has not been established as a 
human pathogen, and the vTiliclity of geotrichosis 
as a disease entity remains questionable. 

Etiology. The fungus Ceotrichium candtdum 
may resemble Coccldioides immitis in culture be- 
cause its septate mycelium fragments into large 
square-ended arthrospores. Ceotrichium candidum 
does not form sporangia in xivo, however, and its 
soft creamy colonies on solid medium are easily 
distinguished from those of C. immitis. 

Patliogenesis. Ceotrichium is a normal inhabitant 
of the pharynx and bowel and may proliferate lo- 
cally to produce visible white colonies on the mu- 
cous membranes. It may also appear in devitalized 
tissues and secretions of the nasopharynx, broncho- 
pulmonary tree, and colon but probably not as a 
primaiy pathogen. 

Clinical Manifestations. Geotrichosis is reported 
to cause pulmonary cavities and colitis In broncho- 
pulmonary geotrichosis, the patient is said to cough 
up gelatinous sputum tinged with blood, and in 
rare cases thin-walled cavities like those of coccidi- 
omycosis have been described. 

Diagnosis. In secretions and exudates, G. candt- 
dutn has the appearance of oval or barrel-shaped 
spores measuring up to 8 to 10 mm in diameter 
They are easily recovered on Sabouraud’s agar at 
room temperature. 

Treatment. Lesions resembling thrush respond to 
local application of 1:10,000 solution of gentian 
violet Bronchopulmonary geotrichosis is said to 
respond to oral treatment with potassium iodide, 
and intestinal geotrichosis is treated by oral admin- 
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istration tliree times daily of c.apsules containing 
0.32 mg gentian violet. 

MADUROMYCOSIS (Madura Foot) 

Definition. Maduromycosis is a chronic destruo* 
live infection of the loot, characlerhed by* Ibo 
presence of multiple fistulas which extrude mycotic 
granules. The term tnaduronii/cosis is used here 
synonymously with int/cefoma and includes not only 
infections caused by A'ocartfio but also those caused 
by higher fungi with larger hyphae. 

Etiology. The most frequent cause of maduro- 
nneosis m tlie United States is a higher fungus 
known as A/oruwporiuni apiospermum, the "imper- 
fect” foim of the ascomycete Allcscheria boydii. 
It grows rapidly on Sabouraud’s agar as a cottony 
mycelium bearing asexual spores borne singly or in 
small groups at the tips or sides of eonidtophores. 
Other higher fungi isolated in maduromycosis in- 
clude members of such dicerse genera as Asper- 
glllus, Penicil/iurn, ^ladurella, Cephalospontim, and 
Phialophora. 

Members of the genus b'oeardia are important 
causes of Madura foot outside the United States 
Nocardia madurae is found in southeastern Asia 
and JV. brasi/iricsis in South America. 

Pathogenesis and Pathology. The fungi found In 
mycetoma arc inhabitants of the soil and enter the 
tissues of the bare foot presumably after trauma. 
In rare instances the hand may also be infected. 

The infection begins m the outer tissues and bur- 
rows throughout the foot to dcstioy bone, muscle, 
and connective tissue indiscriminately. The areas 
of destruction show chronic suppuration with fibro- 
sis and are connected by multiple fistulas which 
rupture to the outside. Mycotic granules arc seen 
in the suppurative foci The prolonged proliferation 
of granulation and scar tissue leads to enlargement 
of the affected part. 

Clinical Manifestations. The earliest sign is usu- 
ally a small swelling on the sole or dorsum of the 
foot This undergoes a recurring cycle of swelling, 
suppuration, and healing. Later, similar lesions ap- 
pear on other parts of the foot, and over a period 
of months the destruction of deeper tissues is mani- 
fested by slight or moderate pain, generalized 
swelling, and redness. The course is intermittently 
progresswe, and lliere may be periods of remission. 
Ultimately tlie foot becomes a swollen, deformed 
mass of destroyed tissue w'ith many fistulous open- 
ings tlirough which mjcotlc granules arc dis- 
charged. The infection does not spread hematog- 
enously to other parts, but in rare instances there 
IS direct extension along lymphatics. Deatli can oc- 
cur from secondary bacterial infection. 

■ ^ Diagnosis. Tlie charactenstic granules are 0.5 to 
in diameter and may be white, yellow, blade. 


or red. Nocardial granules are easily distinguished 
from those of Asjyergilhs boijdti and other higher 
fungi by direct microscopic examination. They arc 
masses of radiating gram-positive filaments; those 
of higher fungi contain large segmented hyphae 
and numerous chlamydospores. Either type of gran- 
ule grows rapidly on Sabouraud agar. 

Roentgenograms of the foot disclose destruction 
of bone which is more extensive than the external 
appearance and pain might indicate. 

Treatment. Wide excision of infected tissues may 
slow the progress of the disc.ise, and antibacterial 
chemotherapy is valuable in arresting secondary 
infection. There is no known cure, however, and 
most cases eventually require amputation of tlic 
fooL 

CHROhfOBLASTOMYCOSIS 

Definition. Chromoblastomycosis is an infection 
of the skin produced by severd species of the genus 
Phialophora and characterized by slowly progres- 
sive caulifiowerhkc lesions of the legs of agricul- 
tural workers in tropical or subtropical regions. 

Etiology. Tlie three species P. pedrost, P. com- 
^iflctwm, and P. verrucosa cannot be distinguished 
upon microscopic ex.iminatiun of infected tissue, in 
which all appc.ir as small clusters of spores will) 
thick, dark biown walls. On culture, however, the 
three differ in their methods of sporulation. Tlic 
species most commonly found. P. perfrosf, exhibits 
three types of spore formation: (1) branching 
chains of spores borne at tlie tips of long conidlo- 
phores, (2) clusters of spores forming sleeves about 
tlic hyphae, and (3) balls of spores arising in the 
cuphke ends of very short flash-shaped conivbo- 
phoics. Phialophora uernicose forms only the third 
type of spore, and P. cornpactum is recognized by 
chains of spores arranged in compact masses. On 
Sabouraud's agar all three grow very slowly and 
will produce deeply pigmented olive or black 
colonies. 

Pathogenesis and Paihologv. The fungi undoubt- 
e<lly live in tlie sod or vegetation and enter the skin 
of agricultural workers. 

Three palliologic processes are found: (1) micro- 
abscesses In the dermis containing numerous fungi, 
(2) extensive fibiosis, and (3) epidermal hyper- 
plasia and hyperkeratosis. Tlic lesions progress 
along the lymphatics but not beyond them; dis- 
semination through the blood or deep penetration 
into bone docs not occur. 

Clinical Manifestations. The earliest lesion is a 
papule, which develops into a vvell-circumscribcd 
bluish l^ion with a warty, raised margin. Although 
it resembles Uie cutaneous form of North American 
blastomycosis at tins early stage, it does not spread 
penpherally. Instead, adjacent new lesions appear 



DISEASES PRODUCED BY FUNGI 
over a period of years and, as the epithelial hyper- 
plasia and hyperkeratosis increase, the entire area 
assumes a cauliflowerliko appearance. Eventually 
the whole e.xtremity is covered. Pain and constitu- 
tional s)-Tnptoms are absent unless secondary' bac- 
terial infection occurs or elephantiasis develops as 
a result of Ijinpbatic scarring. 

Diagnosis. The typical dark browm septate bodies 
arc seen in large numbers in biopsied tissue or pus, 
and brouTi hyphao can be found in crusts treated 
with 10 per cent potassium hydroxide. For specific 
identification, however, it is necessary to culture 
the slo\vly growing fungus on Sabouraud’s agar. 

Treatment. Early in the disease, the lesions m.iy 
be destroyed by electrocoagulation or removed by 
surgical excision. Later in the course, c.xcision of 
the larger nodules leaves indolent ulcers which heal 
verj' slowly. 

Except for treatment of secondary infection, there 
is no specific medical therapy. The disease is never 
fatal, howe\cr, and the usefulness of the limb Is 
retained despite its unsightly appearance. 


SOUTH AMERICAN BLASTOMYCOSIS 

Definition. South American blastomycosis is a 
highly dostnictivo but curable infection that re- 
sults from invasion of the nasopluirynx by Blasteh 
mtjccs hrasiliensU. It occurs only in South America. 
From the pharynx the disease can extend locally to 
regional nodes or spread to the lungs and abdom- 
inal viscera. 

Etiology. Multiple butls on the yeastlikc cell of 
B. braj/llcnsw distinguish it morphologically from 
»ts North American counterpart, B. dcrmaluUlis. 
The tiny multiple buds have the appearance of a 
orown of small beads attached to the cell wall. The 
fungus reproduces by budding both in tissues and 
when cultured at 37°C. At room temperature it 
produces mycelia which bear spores resembling 
those of B. dermatiditis. 

Pathogenesis. In most cases the portal of entry 
of this exogenous fungus is the nasopharynx. Here 
it produces a destructive lesion with gross sxvelling 
and ulceration and eventual extension to the cervical 
lymph nodes. Occasi'on.'illy, the primary lesion is 
inconspicuous, and massive enlargement and sup- 
purahve necrosis of tlie regional lymph nodes are 
the predominant pathologic changes. Hematogenous 
spread to other lymph nodes, liv er, spleen, and bone 
eventually leads to suppurative or granulomatous 
nodules in those organs. In addition to the naso- 
pharynx, primary lesions can occur in the lymphoid 
tissue of the cecal and appendiceal regions. 

Clinical Manifestations. The first symptoms usu- 
ally result from painful ulcers of the mouth or nose, 
although loss of appetite, abdominal pain, vomit- 
ing and diarrhea may be the first complaints when 
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ulceration begins in the gut. In other cases, massive 
lymphadenopathy precedes other manifestations. In 
the usual infection, hovvever, there is a progressive 
extension of lesions from the mouth and neighbor- 
ing skin. The lymph nodes undergo suppurative 
necrosis, and sinuses rupture through the overlying 
skin. Tlie patient suffers from severe pain, fever, 
inability* to cat, and cachexia. Depending on the 
rapidity of spread to the viscera, bones, and central 
nenous sy'stem, the disease is fatal after periods 
ranging from a few months to 3 years or more if 
untreated. 

Diagnosis. Microscopic examination of pus or 
tissue treated with 10 per cent potassium hydroxide 
wdl reveal the characteristic multiple budeUng cells 
of B. hrasiliensis, in addition to cells with single 
buds The multiple budding cells are also found in 
cultures on blood agar incubated at but 

growlh is very slow and more than a month may 
elapse before colonies appear. 

Treatment. The infection responds dramatically' 
to sulfonamide drugs. Sulfadiazine or sulfamerazine 
in doses of 4 to C Cm daily has been used success- 
fully in arresting or curing the disease. 


RinNOSPORIDlOSIS 

Definition. Rhinosporidiosis produces small tu- 
morlikc masses usually confined to the nose and 
nasopharynx. An endosporulatmg fungus seen m 
the tissues cannot be cultured on laboratory media 

Etiology. The fungus Rhtnosporidhm seeberi is 
placed in the class Phycomycetes and family Coe- 
cidioidaecac because cbaraeteristic giant sporangia 
develop in the tissues These thick-walled endo 
sporc-filled sporangia may reach 500 /x in diameter 
but otherwise resemble the smaller spherules of 
Coccidioides immitii. 

Pathogenesis and Pathology. The disease is prob- 
ably acquired by bathing or diving into infected 
water. In India, where rhinosporidiosis reaches en- 
demic proportions, its rarity in women is attiib- 
uted to social taboos that prohibit their bathing in 
open places. The characteristic lesion is a vascu- 
larized papillomatous prolifemtion of the nasal or 
pharyngeal mucous membrane containing sporangia 
in various stages of maturity. Red cells, inflamma- 
tory cells, and extruded endospores fill the inter- 
stitial tissue. As sporangia enlarge they compress 
the columnar epithelium of the nose or the squa- 
mous epithelium of the pharynx and allow endo- 
spores to escape and reinoculate the adjacent tissue. 

CBnical Manifestations. Single or multiple pe- 
dunculated fleshy red masses appear in the nari» 
or pharynx and produce symptoms of rhinitis, epi- 
staxis, and nasal obstruction. In exceptional cases 
hoarseness may develop from Iarynge.il infection. 
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jslration tljrec times daily o£ capsules containing 
0 32 mg gentian violet. 

MADUROMYCOSIS (Madura Fool) 

Definition. Maduromycosis is a chronic destnic- 
tivc infection of the foot, chamcterized by the 
presence of multiple fistulas which extrude mycotic 
guanules. The term madiiromijcosis Is nsetl here 
symonymously w ilh tntjceloma and includes not only 
infections caused by Nocardia hut also those caused 
by higher fungi witli larger hyphae. 

Etiology. The most frequent cause of maduro- 
mycosis in the United States is a higher fungus 
known as il/onospor««m apiospcrmiifn, the “imper- 
fect” foim of the ascomycete Allescheria botjdii 
It grows rapidly on Sabouraud’s agar as a cottony 
tnycehum bearing asexual spores bom© singly or in 
smaU groups at the tips or sides of conidiophores 
Other higher fungi isolated in maduromycosis in- 
clude members of such diverse genera as Asper- 
gillus, PenicilUum, MaduroUa, Cephalosportum, and 
Pimlophora. 

Members of the genus Nocardta arc important 
causes of Madura foot outside the United States. 
Nocardia vwdurae is found in southeastern Asia 
and N. brasihncsis in South America 
Fathogeticsis and Fathalogy. The fungi found in 
mycetoma are inhabitants of the soil ancl enter the 
tissues of the bare foot presumably after trauma. 
In rare instances the hand may also be infected 
The infection begins in the outer tissues and bur- 
rows throughout the foot to destroy Iwne. muscle, 
and connective tissue indiscriminately. The areas 
of destruction show chronic suppuration with fibro- 
sis and are connected by multiple fistulas which 
rupture to the outside. Mycotic granules are seen 
m the suppurative foci. The prolonged proIJeration 
of granulation and scar tissue leads to enlargement 
of the aiTected part. 

Clinical Manifestations. Tlie earliest sign is usu- 
ally a small swelling on the sole or dorsum of the 
foot. This undergoes a recurring cycle of swelling, 
suppuration, and healing Later, simibr lesions ap- 
pear on other parts of the foot, and over a period 
of months the destruction of deeper tissues is mani- 
fested by slight or moderate pain, generalized 
swelling, and redness. The course is intermittently 
progressive, and there may be periods of remission. 
Ultimately the foot becomes a swollen, deformed 
mass of destroyed tissue with many fistulous open- 
ings tJirougb vvhich mycotic granules are dis- 
charged. The infection does not spread hematog- 
cnously to other parts, but in rare instances there 
IS direct extension along lymphatics. Death can oc- 
ur from secondary bacterial infection. 

Di.sgnosb. Tlie characteristic granules are 05 to 
mm in diameter and may be white, yellow, blacl^ 


or red. Nocardial granules arc easily distinguished 
flora those of Aspergillus boydii and other higher 
fungi by direct microscopic examination. They are 
masses of radiating gram-positive filaments; those 
of higher fungi contain large segmented hyphae 
and numerous chlamydospores. Either ^qie of gran, 
ule grows rapidly on Sabouraud agar. 

Roentgenograms of the foot disclose destruction 
of bone which is more extensive than the external 
appearance and pain might indicate. 

Treatment. Wide e.xcision of infected tissues may 
slow the progress of the disease, and antibacteri,il 
chemotherapy is valuable in arresting secondary 
infection. There is no known cure, however, and 
most cases eventually require amputation of the 
foot. 

CHROMOBLASTOMYCOSIS 

Definition. Chromoblastomycosis is an infection 
of the sbn produced by several species of the genus 
Phialophora and characterized by slowly progres- 
sive cauliflowerlike lesions of the legs of agricul- 
tural workers in tropical or subtropical regions. 

Etiology. The tliree species P. pedrosi, P. com- 
jyactum, and P. verrucosa cannot be distinguisliei! 
upon microscopic examination of infected tissue, in 
wluch all appear as small dusters of spores witli 
thick, dark blown w.i!ls On culture, however, the 
three differ in tlieir methods of sporulation. The 
spcacs most commonly found, P. pedrosi, exliibils 
three types of spore formation: (1) branching 
chains of spores borne at the tips of long coniillo. 
phorcs, (2) cluslere of spoies forming sleeves about 
the hyphae, and (3) balls of spores arising in the 
cuplike ends of very short flask-shaped conidio- 
phoics Phhtophora verrucosa forms only the third 
type of spore, and P. vompaclum is recognized by 
chains of spores arranged in compact masses On 
Sabouraud's ag.ar all tliree grow very slowly and 
will produce deeply pigmented olive or black 
colonies. 

Pathogenesis and Pathology. The fungi undouht- 
edly h\e in tlie soil or vegetation and enter the skin 
of agncultxiral workers. 

Tliree pathologic processes are found: (1) micro- 
absccsses in the dermis containing numerous fungi, 
(2) extensive fibrosis, and (3) epidermal h>per- 
plasia and Inpeikeratosis The lesions progress 
along the hmpliatics hut not beyond them; dis- 
semination through the blood or deep penetration 
into bone docs not occur. 

Clinica! Manifestations. The earliest lesion is a 
papule, which develops into a wcll-circumscnbed 
bluish lesion with a warty, raised margin Although 
It resembles the cutaneous form of North American 
blastomycosis at this early stage, it does not spread 
pcripiieraliy. Instead, adjacent new lesions appear 
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over a period of years and» as the epithelial hj-per- 
plasia and hyperkeratosis increase, the entire area 
assumes a caulinowcrlike appearance. Eventually 
the whole axtrcmily is covered. P.iin and constitu- 
tional symptoms are absent unless secondary bac- 
terial infection occurs or elephantiasis dcv-elops as 
a result of lympimtic scarring. 

Diagnosis. The typical dark bromi septate bodies 
aic seen in large numbers in biopsied tissue or pus, 
and brown hypliae can be found in crusts treated 
with 10 per cent potassium hydroxide. For specific 
identification, howes'cr, it is nccess.iry to culture 
the slowly gnnving fungus on Sabouraud’s agar. 

Treatment. Early in tlie disease, the lesions may 
Se destroyed by cicctrocoagufation or removed bv 
suigical excision. Later in tlic course, excision of 
the larger nodules leaves indolent ulcers which heal 
very’ slow ly. 

Except for treatment of secondary' infection, there 
is no specific medical therapy. The dise.ase is never 
fatal, however, and the usefulness of the bmb is 
tctiincd despite its unsightly appearance. 


SOUTH amewcan blastomycosis 


Definition. South American blastomycosis |s a 
hi^y destructive but curable infection that re- 
mits from invasion of the nasopharynx by Bhslo^ 
f<iHCCs braiillcnsU. It occurs only in South America. 
fTomthe pharyTix Uic disease can extend locally to 
fegionil nodes or spread to Uie lungs and abdom- 
nal viscera. 


Etiology. Multiple buds on the \ castlike cell of 
B bTosiJiensis (itsUnguish it morphn)ogtca))y from 
its North American counterpart, D <fcn»afHfi(is. 
The tiny multiple buds have the appe.'uaiiec of a 
of small beads attached to the cell wall The 
fungus reproduces by budding both in tisnns and 
"hen cultured at 37®C. At room tcmper.vtmc it 
Fwluccs mycelia vvhicli be.ar spores resembling 
those of B. dcrmalUlilis. 

Pathogenesis. In most eases the portal of miry 
of this exogenous fungus is the nasopharynx Here 
>t produces a destructive lesion with gross swelling 
j ulceration and eventual extension to the ccrv-ical 
>'uiph nodes. Occasionally, the primary’ lesion is 
■ncon^icuous, and massive cnlaTgcmcnl and sup- 
^ative necrosis of the regional lyTiiph nodes are 
^Predominant pathologic changes. Hem.atogct>ous 
spread to other lymph nodes, liver, spleen, and bone 
^'’cu^aHy leads to suppurative or granulomatous 
"oclules in those organs. In addition to the naso- 
P primary lesions can occur in the lymphoid 
^ the £V£a} fegkifjx 

^''hnical Manifestations. The first symptoms iisu- 
from painful ulcers of the mouth or nose, 
in? i" appetite, abdominal pain, vomit- 

diarrhea may be the first complaints when 
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ulceration begins in the gut. In other cases, massive 
lymphadenopathy precedes otlrer manifestations. In 
the usual infection, however, there is a progressive 
extension of lesions from the mouth and neighbor- 
ing sldn. The lymph nodes undergo suppurative 
necrosis, and sinuses rupture through the overlying 
skin. The patient suffers from severe pain, fever, 
inability to eat. and cachexia. Depending on the 
rapidity of spread to the viscera, hones, and central 
nenous sy'stcm, the disease is fatal after periods 
ranging from a few months to 3 years or more if 
untreated. 

Diagnosis. Microscopic examination of pus or 
tissue treated with 10 per cent potassium Ivydroxide 
will reveal the characteristic multiple budding cells 
of B. brasiUcnsis, in addition to cells vvitli single 
buds. The multiple budding cells are also found in 
cultures on blood agar incubated at 37®C, but 
growth is very slow and more than a month may’ 
cl.ipsc before colonics appear. 

Treatment. Tlie infection responds dramatically 
to sulfonamide drugs, bulfadiazmc or sulfamerazme 
in doses of -I to 6 Cm d.iily has been used success- 
fully in arresting or coring the disease. 


RIIINOSPOIUDIOSIS 

Definition. Rhinospondiosis produces small tu- 
morlikc masses usually confined to the nose and 
nasopharynx. An endosporulating fungus seen in 
the tissues cannot be cultured on laboratory media 

Etiology. The fungus Rhinosporldium seeberl is 
placed in the ebss Phy'coroycetes and family Coe- 
cidioidaccae because characteristic giant sporangia 
develop in the tissues. These thick-walled endo- 
sporc-fillcd sporangia may reach 500 in diameter 
but otherwise resemble the smaller spherules of 
Coccirfioidcs immitis. 

pathogenesis and Pathology. The disease is prob- 
ably acquired by batliing or diving into infected 
water. In India, where rhinosporidiosis reaches en- 
demic proportions, its rarity in women is attrib- 
uted to social taboos that prohibit their bathing in 
open places. The characteristic lesion is a vascu- 
lanzcd papillomatous proliferation of the nasal oi 
pharyngeal mucous membrane containing sporangia 
in various stages of matun’ty. Red cells, inflamma- 
loiy cells, and e.\tnided endospores fill the inter- 
stitial tissue. As sporangia enlarge they compress 
the columnar epithelium of the nose or the squa- 
mous epithelium of the pharynx and allow endo- 
spores to escape and reinoculate the adjacent tissue. 
*^CIinical Manifestations. Single or multiple pe- 
dunculated fleshy red masses appear m ffie nares 
or pharynx and produce symptoms of rhtnibs. epi- 
stams and nasal obstruction. In exceptional cases 
hoarseness may develop from laryngeal infection. 
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The conjunctivas and lacnmal sac may also be jn- 
\olved. 

Diagnosis. The characteristic sporangia are easily 
identified in biopsied tissue section. Because the 
only endemic foci are in India, most patients src 
Asiatic. 

Treatment. The lesions can be completely re- 
moved surgically or by electrocautery. Elecfrocau- 
tery is preferred because surgery leaves <^en ind- 
sions in which spores can be implanted. 
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SYPHIUS 

Albert Hetjtnan 

DcGnition. Syphilis is a dironic, systemic, infec- 
tious disease caused by the Treponema pallidum 
and usually transmitted by sexual contact. It is ca- 
pable of producing tissue destruction and dironic 
inflammation in almost any organ in the body and 
can express itself in a great diversity of dmical 
manifestations. 

History. Considerable knowledge of the pathology 
and dmical aspects of sypliilis was accumulated in 
the sixteenth to nineteenth centuries, but it was not 
until early in the present century that most of the 
fundamental information about tlie disease was tm- 
overed The etiologic agent, tlie T. pallidum, was 
xivercd by Schaudinn and Hoffmann in 1903. 
m afterward, Wassennann and his associates in- 
duced serologic methods of diagnosis In 1949, 
Ison and Mayer introduced the T. pallidum fm- 
bilization test, following which other tests for 


demonstrating humoral antibodies were subse- 
quently developed. 

In 1910 Ehrlich announced the discovery of 
arsphenamtne, and in 1917 Wagner von Jauregg 
demonstrated the value of malarial fever therapy 
for paresis. These were the tw’o most important ad- 
vances in the treatment of syphilis until 1943, when 
penicillin was found by hlsihoney and his associ- 
ates to be effective in tlie early stages of the dis- 
ease. This drug has replaced the other forms of 
chemotherapy in syphilis. 

Etiology. The T. jyaUidum is a slender spirochete 
with regular, evenly spaced spirals. It varies in 
lengtl) from 5 to 20 /x. When viewed under the 
dark-field microscope, T. pallidum shows charac- 
teristic motility, rotating on its long axis and mov- 
ing slowly backward and forward. The spimls usu- 
ally keep their uniform shape and size, although 
the body of the organism may bend at the middle- 
It does not have the quick, whipping movements 
of other spirochetes w hich are often found in ulcera- 
tive lesions, Tlie organism does not stain well with 
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ordinary dyes but can be demonstrated by silver 
impregnation methods in Gxed tissues. For elinipffl 
purposes it can be demonstrated by dark-field 
microscopy of material from primary or secondary 
syphilitic lesions. 

Treponema paHidum is readily Idlled by soap, 
ordinary antiseptics, drying, and heat. It may resist 
cold temperatures, however, and can be frozen and 
stored for long periods without its virulence being 
affected. The organism does not remain viable, 
however, in whole blood or plasma which has been 
stored at refrigerator temperature for more than 
96 hr. 

Pathogenic forms of T. pallidum have not been 
cultivated and passed serially on artificial media. 
Strains of the organism which have been cultured 
are not virulent in animals and differ morpholog- 
ically from pathogenic T. pallidum. Rabbits and 
monkeys can be experimentally infected witli syph- 
ilis. 

Frequency. Exact information is not available as 
to the number of persons infected with syphilis in 
the United Slates (i.e., prey.alcnce) or the number 
of new infections occurring each year (j.e., inci- 
dence). Both the incidence and prevalence of the 
disease have decreased considerably since the Sec- 
ond World War. In 1947, approximately 108,000 
cases of primary and secondary syphilis were re- 
ported in this country to the Public Health Service, 
whereas in 1957 only 6,250 cases were reported. 
In the following 3 years, however, a disturbing rise 
in the incidence of new cases of syphilis appeared. 
It was predicted that in 1961 more than 10,000 
cases of primary and secondary syphilis would be 

S orted. The Carnatic postwar decline in tlie in- 
ence of syphilis was largely the result of the de- 
'elopmenl of rapid-treatment methods, mass blood 
testing, and large-scale epidemiologic measures. 
Another factor responsible for the decline was the 
widespread use of penicillin for other diseases. As a 
result of this decrease in syphihs case rates, many 
cf the stales abandoned their pubhc health control 
Pleasures. The rise in the incidence of nesv cases 
leaves no doubt as to the need for continuing inten- 
sive control programs. It is of interest that the in- 
cidence of new cases of syphilis has risen in the 
teen-age population, particuLirly in certain racial 
S'^oups and in the lower socioeconomic classes. 

Pathogenesis. Syphilis is usually transmitted by 
‘lirect and intimate contact with moist infectious 
lesions of the skin and mucous membranes. Sexual 
^ntact is by far the commonest means of infection, 
hut transfer of the disease by kissing or bhing occa- 
sionally occurs. Indirect transmission — i e., con- 
^minated objects — is exceptional, since the organ- 
isms quickly die if allowed to dry. Tlie disease can 
he spread by inoculation with infected blood, as in 
l^sfusion syphilis. Infection is transmitted to the 
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fetus through the placenta. Treponema pallidum is 
apparently capable of pcnctr.iting tlie intact mu- 
cous membrane, but a small abrasion is probably 
required for inoculation to occur through the skin. 
Once the spirochete has penetrated the epithelium, 
it enters the l^mpliaties and can be demonstrated 
in the regional I)Tnph nodes a few hours after ex- 
perimental inoculatton. From the I)'TnpU nodes the 
organism spreads rapidly throughout the body by 
way of the blood stream. This spirochetemia may 
occur several weeks before appearance of the pri- 
maiy lesion at the site of inoculation. The early 
seeding of T. pallidum in various tissues is live basis 
for many of the later manifestations of the disease. 

About 3 to 6 weeks after the organism has en- 
tered the body, a primary lesion, the chancre, de- 
velops at the site of inoculation. The chancre is 
usually a single ulceration of the skin or mucous 
membrane; it heals spontaneously. About 6 weeks 
after its appearance a generalized skin eruption, 
known as secondary syphilis, develops. In this stage, 
systemic manifestations are common. The signs of 
secondary s)'phUis also disappear spontaneously. 

This sequence of events in early si^jhilis is vari- 
able. Infection without noticeable lesions probably 
occurs m a high percentage of cases, and many 
individuab with late syphilis are unable to recall 
either pnmaiy ox secondary manifestations 

Following heahng of tlie primary and secondary 
manifestations, the patient may show no outward 
signs of the infection {latent syphilis) Nevertheless, 
clonic, progressive, inflammatory changes may bo 
taking place in the visceral organs or in the cardio- 
v'oscular or centra! nervous system. Clinical evi- 
dence of cardiovascular syphilis or neurosypliilis 
may not develop for 10 to 20 years or more after 
the onset of the disease. Occasionally', the tissues of 
the host seem to become sensitized to the spiro- 
chetes, and large destructive lesions, called gum- 
mas, result. These lesions, which contain very few 
spirochetes, can occur in almost every organ of the 
body but are most frequent in the skin or bones. 

Many patients with latent syphilis do not develop 
late manifestations and show no evidence of syph- 
ilis at autopsy. A study of patients with untreated 
early ^philis followed for a numlier of years show ed 
that approximately onc-tliird of them achieved 
spontaneous cures with the development of nega- 
tive serologic tests. An equal number died of causes 
other than syphilis or developed latent syphilis with 
no clinical evidence of the disease other than a 
positive serologic lest. The remaining third devel- 
oped serious lesions of the cardiovascular or central 
ncrv'ous system or benign gummatous lesions of the 
skin or boncS. 

Histopalhology. The early lesions of syphilis are 
characterized by infiltration of the blood 
waUs and pcnvascular spaces with plasma ctlls. 
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large mononuclear cells, and l)-mplioc)tcS. Splro- 
clicles can be dcmonslralcd by siK'cr Iniiwegnallon 
stains. In the late lesions of syphilis there may W 
necrosis witli granuloma or gumma f«jrmation. TIu; 
necrosis is thought to \)C tltc result of an otagger* 
ated or hj’pcrsensitive response to n small number 
of organisms. Spirochetes are rarely found. TIicsc 
lesions heal slowly and often produce large scars. 

Immunity and Resistance, 'flic development of 
immunity in a syphilitic patient can be considered 
from two standpoints: the resistance tlie patient 
develops to his own infection and the fanmimity he 
develops to reinfection. 

Practically every patient vvitli syphilis develops 
some resistance to bis own Infection. The degn-c 
of immunity determines whether the patient will 
acliicve a spontaneous cure, the disease will remain 
latent, or late complications will develop. Tlie fac- 
tors responsible for the development of this type 
of immunity and the destruction of spirochetes arc 
largely unlmown. The scrum of experimentally In- 
fected animals and patients with iv-philis contains 
antibodies which immobilirc and render noninfec- 
tious virulent strains of T. paUtdum. Tlicse anti- 
bodies can be demonstrated In vitro by means of 
tbo T. paHidum immobilization (TPI) test devel- 
oped by Nelson In human beings this immobilizing 
antibody appears during the early stages of syphilis 
and will usually persist indefinitely unless early 
ndetjuale treatment for syphilis is instituted. Tlic 
anti^dy is not present In the scrum of normal per- 
sons nor in those with nonspirochcUl diseases, but 
it occurs in the scrum of patients with various trep- 
oncmatoscs, such os bejel, yavvs, and pinla. Tlic 
ex.ict Tclationsliip between this antibody and the 
development of Immunity has not yet been deter- 
mined. 

fftimoraf antibodies ih sypfiifis have afso been 
demonstrated by newer t^iniqucs sncfi as flic 
T. pallidum complement fixation test, the fluores- 
cent antibody test, and the llciter protein comple- 
ment fi-xation test These procedures for detecting 
syphilitic antibodies are still In the expcrimciibl 
stage, but some of them are being used as di.ag- 
nostic tests, parliailarly in eases in wbieb Ibcrc is 
doubt as to the validity of the routine serologic 
methods 

Apparently the outcome of the syphilitic Infec- 
tion IS influenced to some extent by llie sex and 
race of the indivndual. Neurosyphihs, for example, 
occurs more frequently in men than in women, and 
m a higher proportion of while individuals than 
Negroes. Bone and cardiovascular syphilis arc more 
common in Negroes. 

Immunity to reinfection develops soon after the 
. of the disease. Jn animals, imtmmtty has I>ec*n 
id to appear within 3 weeks after tlic initial 

ettion and to iticicase progressively dtinng a 




perfoc! of 0 months. In liuin.in Iicings, remoeul.iti()ii 
usually results In a chancre if carrfed out witliin 15 
days after the appearance of the primary lesion of 
the initial infection. Later than this a cfiancTC sel- 
dom develops, but this resistance is rchlhc. 

Adequate treatment of patients with early syph- 
ilis may abort the development of immunity. And 
rciiifcttfons can ocair. If treatment Is ilchayed until 
after this period, itnmuiiily to reinfection bccorncs 
c*stabliihed and may remain throughout the life- 
time of llie individual. 

If inadequate treatment is given during cady 
syphilis and complete desiniction of the paticijt's 
spirochetes is not obtained, rcdisseminalion of the 
«rg.iiifsms m-iy occur nml produce Infectious slin 
and mucosal lesions. Tliis Is the basis for the staio- 
ment that poor treatment Is worse tlian none at all. 
Once tlic patient has developed immunity to his 
owi» infection (usu-illy within 4 years after the on- 
set of the disease), inadequate treatment docs not 
result in redisscmination of organisms. 

CLI.NICAL -MANIFESTATIONS OF 

EARLY ACQUimii) svrmi.is 

rrimary Stage. The period of Inaihation may 
vary from 10 tu 00 days Tlic typical chancre Is a 
solitary, indurated, nonpainfii] ulceration, which 
hc.ili slowly with scar formation. It is often ac- 
ttnnpanied by p.iinlcss enlargement of the regional 
lymph nodes, the iatcl/ifc bubo. It must be emph.i- 
sized that primary sypliihs is often atypical aijd 
may be manifested ^y sm-xll, multiple, or painful 
lesions whicJi resemble many other conditions. Eo- 
causc of the frequent atypical appearance of the 
chancre, the chiiical diagnosis or exclusion of pri- 
mary syphilis can never lie relied upon, and cverj 
genital fcsibn sAoufef /lavc a sfarJc-lTcrtf examin.'ifibn. 

Approximately 03 per cent of primary lesions 
arc found on or near the genilah.-!. In the male, the 
cliancrc frwiucnlly oppc.irs on the coronal sulciis 
or on the prepuce. Any part of the genitalia may 
lie involved, however. Chancres of the external 
genitalia must bo differciitl-ilcd from chancroid, 
granuloma inguinale, lymphogranulom.i vcnercurn. 
carcinoma, and many other lesions which nppcur 
tn this area. In the female, the primary lesion often 
appears on the labia and in tlic fourcliettc, but the 
perineum, pubis, clitoris, or urethra may be in- 
volvcd. Chancres of the cen-ix are frequent and are 
often mistaken for nonspecific erosions. About 5 pcrr 
cent of primary lesions occur on the bps, female 
breasts, or in tlic mouth. 

In tlic diagnosis of primary syphilis, serologic 
tests cannot be rclieil upon entirely, since they ar^ 
often neg.xtive in this stage of the disease. .More- 
over, a positive serologic reaction m a patient w-ith 
a genital lesion may represent either latent infection 
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associated with nonsj'philitic lesion or else a bio- 
logic false positive reaction caused by another dis- 
ease (i.e., lymphogranuloma %enereum or chan- 
croid), For tliis reason, a dark-field examination is 
of greatest importance in the diagnosis of this stage 
of the disease and should be done on the first visit 
of every patient suspected of having primary syph- 
ilis. If the initial dark-field examination is negative, 
material from the regional I^miph nodes should be 
aspirated and examined. All local medication as 
well as antibiotics with trcponcmicidal activity 
should be withheld, but oral sulfonamides may be 
administered during this period of time. If the 
dark-Beld examinations and serologic tests for syph- 
ilis are negative, the serologic test should be re- 
peated several times during the first 2 or 3 weeVs 
and every few weeks thereafter for 3 months after 
the appearance of the lesion. If the patient develops 
a positive serologic reaction in a high or rising titer 
(with or without evidence of secondary manifesta- 
tions), then antfs)'philitic therapy should be begun. 
A single serologic test of low titer is not sufficient 
evidence for beginning antisypbilitic treatment if 
dark-field examinations are negative. Such tests 
should be confirmed several times for at least 2 
Weeks before treatment for syphilis is justified. 

PeniciUirv or other spirocheticidal drugs should 
not be given as a therapeutic test to patients sus- 
pected of having primary syphilis. Healing of the 
genital lesion following such tests does not neces- 
sarily indicate the presence of syphilis, since non- 
S)philitic lesions sometimes heal spontaneously. 
Biopsy of the genital lesions Is often of value in the 
diagnosis of these patients. 

Secondary Stage. The secondary stage of syphUis 
usually develops about 6 weeks after appearance of 
the chancre and is manifested by a generalized skin 
emption and systemic symptoms. Some patients ex- 
hibit secondary lesions without ever being aware 
of a primary; others never develop secondary mani- 
festations and enter the latent stage directly follow- 
ing the healing of the chancre. 

The appearance of the cutaneous lesions of sec- 
ondary syphUis varies considerably and may be con- 
fused with many other skin eruptions. The lesions 
most often found arc papules, maculopapulcs, or 
follicular papules. Occasionally, annular, pustular 
Or rupial lesions occur. Indeed, almost any type of 
skin eruption may appear except a vesicular one. 
The rash is usually widespread and frequently in- 
'olves the palms, soles, and face, in addition to the 
trunk and extremities. The lesions are sometimes 
pruritic. 

The mucous membranes of the mouth and geni- 
talia are often involved in secondary sj'philis Syph- 
ilitic lesions of the mouth appear as painless, super- 
ficial erosions on the buccal surfaces, on the tongue. 
Or inside the lip. When these lesions are covered 
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with a thin, grayish exudate, they are known as 
mucous patches. Tliey contain a large number of 
spirochetes but may be very inconspicuous, and the 
patient may not be aware of them. Lesions of the 
palate and tonsillar area can c.iuse a persistent sore 
throat. So-called split papules are occasionally seen 
in secondaiy sjphihs and may be mistaken for 
herpes, benign fissures, or the lesions of nboQaiau 
deficiency. 

Syphihtic mucosal lesions of the genitalia or 
perianal regions often become hypertrophic and are 
called condy/omafo fata. These lesions are broad, 
flat, wartb!« excrescences which are found on tlie 
labia majora, perineum, and anal region They arc 
highly infectious and should be differentiated from 
condylomata acuminata, which are nonvencreal, 
pedunculated lesions. 

Although the clinical findings of secondary' syph- 
ilis arc often confined to the skin and mucous mem- 
branes, many patients vv’ill present evidence of 
constitutional symptoms and widespread spirochct.il 
dissemination. Malaise, lassitude, headaches, fever, 
and myalgia are often noted. There may be a gen- 
erolizcd Ujmphadenopathy Localized areas of alo- 
pecia also occur, causing a "moth-eaten" appearance 
of the scalp 

Approximately 4 per cent of patients with sec- 
ondary ^hilis have involvement of the eye, usu- 
ally iritis or neurorefinitis. 

Skeletal lesions occasionally occur in seeondarv 
^iphilis and are manifested by localized areas of 
svvelling and tenderness, Arthralgia and hydrarthro- 
sis also occur, but changes in tlie joints cannot be 
detected by x-ray examination. An acute ncphrotis 
with marked proteinuria, edema, and hypercholes- 
teremia is sometimes seen in sccond.'iry syphilis 
Evidence of central nervous system involvement, 
such as paralysis of the cranial nerves or meningitis, 
may also appear in this stage of the disease. 

It IS apparent from the above description that 
secondary syphilis may be manifested by a great 
variety of apparently unrelated clinical symptoms. 
Although isolated lesions, such ns iritis or periostitis, 
may not in tlicmsclves suggest the <!i.agnosis, the 
recognition of other symptoms, such as sore throat, 
lymphadcnopath}', or skin lesions will often m.Tl.c' 
the diagnosis of secondary syphilis obvious, ^\'ll^n• 
ever secondary syphilis is suspected, blood sliotild 
be taken for a serologic test. This will be positive 
in practically 100 per cent of the cases. Cons-crsclj'. 
if the serologic test is negative (and technical errors 
excluded), secondary syphilis can be ruled out. 

INFECTIOUSNESS AND EPIDC.^^OLOCY 

Syphilis is most infectious during the primary 
and secondary st.agcs, when there arc moist skin or 
mucosa! lesions. The genital conrlyloinax an<l tlw 
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oral mucosal lesions contain large numbers of split>- 
tlietcs ami are more infectious than the dry sbm 
lesions. The transmission of the disease by individ- 
uals or marital partners who deny having Iwd open 
lesions is probably by way of small mucosal lesions 
which appear dunng the recurrent episodes of spi- 
rochctemia. Some secretions, such as saliva and 
semen, are frequently in contact with infectious 
mucosal lesions and may thus contain T. pallidum. 
The blood of patients with early syphilis has been 
shown to contain spirochetes and should not be 
used for transfusion. The serologic test is not always 
an mdjcation of the infectiousness of the blood, 
since transfusion sypliilis can be transmitted from 
patients in the incubation period or in the sero- 
negative primary stage of the disease. The danger 
of transmitting syphilis either by transfusion or by 
direct contact is greatest in the first 4 years of the 
disease and is negligible after this period of time. 
In pregnancy, however, the disease can apparently 
be transmitted to the fetus for as long as 10 years 
or more after the onset of tlie disease, although the 
vast majority of congenital infections are acquired 
during the first 4 years of maternal infection. 

It IS important tliat the physician maVc an effort 
to determine the source of infection of his patients 
with STOhllls, particularly those with primary and 
secondary manifestations It is equally important 
that the individuals to whom the patient may have 
transmitted the infection be located. 

LATENT SYPHILIS 

Latent S)phi1is is that stage of the disease in 
which there are no clinical signs or symptoms of 
the infection. Patients without signs or s)'mptoms 
but with abnormal spinal fluid findings have a much 
more senous prognosis and are not regarded as liav- 
mg latent syphilis but arc classified instead as hav- 
ing asymptomatic ncurosyphilis. 

Latent syplulis is by far the most frequent type 
of syphilis. Routine serologic testing is the only way 
III winch the majonty of patients with latent sypb- 
ihs can be recognized. 

Although the syphilitic infection is not clinically 
c\ idt-nt dunng the latent period, it may be produc- 
ing senous changes in the Wscera. Often the spiro- 
chete exists within the body throughout the entire 
lifetime of the host without producing any appar- 
ent effects upon health and longevity. Most of the 
patients with late latent syphilis develop sufficient 
resistance to their infection to prevent late cbnical 
manifestations 

The diagnosis of latent syphilis is one of exclu- 
sion. and a careful history and physical cxamina- 
lon should be made for clinical cv idcnce of this 
1is< ,150. Since the diagnosis of I.itcnt syphilis is de- 
t'CiidciU upon the serologic test, false* positive re- 


actions must be nilcd out. Treponema pallidum im- 
mobilization (TPI) tests or the newer treponeiTi,al 
antigen tests should probably be carried out rou- 
tincly' in patients with positive serologic tests in 
whom there is no history or clinical evidence of 
syphilis and in whom the diagnosis seems unlikely. 

CUNICAL MANIFESTATIONS OF 
LATE ACQUIRED S\TiIILIS 

Skin and Mucous Membranes. Late syphOis of 
the skin may appear either as small nodules or 
ulcerating gummas. The gumma begins as a pain- 
less, subcutaneous tumor which gradually softens 
and ruptures, exuding a viscous, gummy material 
Spirochetes arc seldom found in these lesions. The 
nodular form of late syphilis consists of slightly 
raised, reddish brown lesions on the skin, which 
often coalesce to form arciform or serpiginous con- 
figurab'ons. 

Gummas also occur in the mucous membranes of 
the nose and throat, and may produce painful de- 
structive lesions in the palate and nasal septum. 

Skeletal System. Late osseous syphilis often prc. 
sents a difficult diagnostic problem. The chief symp- 
toms ore pain, tenderness, and local warmth. The 
bones usually involved are the skull ond tibia, Al- 
though the clavicle, humerus, nbs, and nosopalatiiic 
structures arc sometimes affected. 

Syphilis of the skeletal system is often confused 
with other types of subacute or chronic osteomye- 
litis, primary or secondary neoplasms, or PogeVs 
disease. The diagnosis can usually be made by clo^c 
correlation of the serologic, clinical, and roentgeno- 
graphic findbgs. In some instances, biopsy may be 
necessary. 

The most common joint manifestation occurririg 
In late syphilis is the Charcot faint. This condition 
is not caused directly by T. pallidum but develops 
as a consequence of destruction of the propriocep- 
tive nerves in tabes dorsalis. It also occurs in olh6r 
neurologic disorders, such as syTingomyelia. Tlic 
Charcot joint is usually confined to a single weight- 
bearing joint, such as the knee, ankle, or hip, and 
occasionally the spine. It begins as a painless swell- 
ing of the joint and is later manifested by hypermt). 
bihty and loss of contour. The joint surface disir*. 
tegrates, so that fragments of bone and cartilage 
can be felt within the joint capsule. Charcot joints 
often appear in arrested or “bumt-oul” cases of tabes 
dorsalis — i.e., patients with normal blood and spiiuil 
fluid findings. Antisypliilitic drugs are of little value 
in treatment, and orthopedic measures are usually 
necessary. 

Liver. In patients with late syphilis the liver may 
contain multiple, minute, gummatous lesions or sev-. 
era! very hirge ones. On healing, these lesions pro- 
duce scarring and contraction of the surfiace, giving 
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the liver the appearance of having several addi- 
tional lobes — hence the name /lepar lobatum. The 
most common finding on physical examination is a 
large, coarsely nodular, irregular liver. Ascites, jaun- 
dice, and splenomegaly are occasionally present. 
Tlie serologic test for syphilis is almost always posi- 
tive. Response to treatment is often dramatic, with 
rapid reduction in liver size and relief of s^rniptoms. 

Stomach. Late syphilis of the stomach consists 
of a diffuse granulomatous infiltration of the stom- 
ach wall or a localized annular constriction about 
the pyloric area. Secondary ulceration and obstruc- 
tion may occur, so that differentiation from car- 
cinoma by roentgenographic examination is often 
impossible. Syphilis of the stomach may be sus- 
pected in young individuals on the basis of the 
roentgenographic appearance of the lesion and a 
positive serologic test, but exploratory laparotomy 
is usually indicated to confirm the diagnosis 

Laryn.x. Syphilis of the lar^mx produces hoarse- 
ness without pain. Laryngoscopic examination may 
reveal gummatous infiltration of the vocal cords 
with secondary ulceration. The lesions may simulate 
carcinoma or tuberculosis, and biopsy is necessary 
for differential diagnosis. Treatment of this condi- 
tion should be cautious, since intensive therapy has 
been known to produce edema, stridor, and suffo- 
cation. Patients with late s)'pliilis may also develop 
hoarseness without pain as a result of recurrent 
nerve paralysis caused by aneuiysm of the aorta 

Kidney and Cenitourinary Tract. An acute ne- 
phrotic syndrome occasionally appears in early 
syphilis. In late syphilis, a specific type of inter- 
stitial nephritis may be present on postmortem ex- 
amination without having produced a character- 
istic clinical picture. Gumma of the kidney is rare, 
hut late syphilis of the bladder, testes, and penis is 
occasionally reported. Paroxysmal hemoglobinuria 
IS sometimes caused by syplulis. It is discussed in 
another secUon (see p, 1295) 

In the female, late syphilis rarely involves the 
internal genital organs, but gummatous lesions 
sometimes appear in the breast. 

Involvement of the endocrine glands, such as the 
adrenals, thynoid, and pitiiitaiy gland, is also infre- 
quent. 

Cardiovascular Syphilis. Since cardiovascukir 
syphilis is discussed fully elsewhere (p. l43o) ft 
Will be mentioned only briefly at this point. Car- 
diovascular syphilis is one of the most important 
of the late lesions of syphilis and probably accounts 
for die majority of deaths resulting from this dis- 
case. It is much more common in men than tn 
"omen and seems to be more frequent in Negroes 
tlian in whites. It usually appears in the second to 
third decade after infection and may be associated 
with neurosvpliilis .and other late manifcstilions. 

Tlic fund.amcntal lesion of cardiovascular sj’philis 
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is aortitis. Treponema pallidum causes destruction 
of tlie media, fragmentation of the elastic material, 
and eventual dilatation of the vessel. The base of 
the aorta is often involved, with dilatation of the 
valve nng and aortic insuSxcienaj. If the weaken- 
ing is localized, a saccuLnr aneurysm may develop 
The intima of the aorta becomes thickened, and 
occlusion of tlie orifices of the coronary arteries 
may occur. A few cases of multiple gummas of the 
myocardium have been reported, but the existence 
of a diffuse syphilitic myocarditis is a matter of 
controversy. 

Central Nervous System. Neurosyphilis, together 
with cardiovascular syphilis, accounts for about 90 
per cent of deaths caused by syphilis. Although all 
the tissues of the central nervous system are in- 
vaded by the spirochetes, the clinical symptoms 
may be arbitrarily divided into meningeal, vascular, 
and parenchymatous. Meningeal and vascular symp- 
toms usually dev’elop early in the course of the dis- 
ease, whereas parenchymatous involvement, as 
manifested by tabes dorsalis and paresis, usually 
does not appear until JO to 20 years after the pri- 
mary infection. Meningeal lesions arc inflammatory' 
and often reversible. Parenchymatous lesions, how- 
ever, are likely to be degenerative with irreversible 
damage. The type of lesion which predominates, the 
structures involved, and the exact location of the 
lesion within the central nervous system are the 
three important factors which influence prognosis 
and response to treatment. 

Gummas of the brain and spinal cord are occa- 
sionally observed. They produce symptoms similar 
to tumors of the central nervous system, and dif- 
ferentiation is difficult. 

Asymptomatic fJeurosyphiUs. Asymptomatic neu- 
rosyphilis is that stage of the disease in which an 
abnormal spinal fluid exists without clinical signs 
or symptoms to indicate tliat the function of the 
central nervous system has been affected. 

The outcome of asymptomatic netirosyphilis and 
the extent of the spinal fluid ahnormahlics appear 
to be definitely related, since patients exhibiting 
marked clianges arc more likely to develop signs 
and symptoms. The activity of llic ncwrosyphiUtic 
process is often related to the spin.nl fluid ctll count 
and protein level. The presence of a positive spin.nl 
fluid Wasscimann reaction indicates that infection 
of the central nervous system li.is omirrcd; the 
cells and protein indicate the activity of the con- 
dition. This concept maintains tliat if the spinal 
fluid IS macliVc — i e., if the cell count and protein 
are normal — the syphilitic infection in tlie central 
nervous system h.as been arrested, and no further 
therapy is neetled. Although this concept is not 
completely acciptcd, it seems to hold true In the 
majority of patients 

Tlic serologic rc.aclion of the Wood docs not al 
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ways parallel the spinal fluid findings Patients with 
previous treatment may have a negativ'e blood test 
and a strongly positive spinal fluid. This combina- 
tion seldom occurs in untreated cases. 

If the Spinal fluid is completely neg.ative 5 years 
after the onset of the disease, it rarely if ever be- 
comes positive again. 

Afeningifis. In a small number of patients, in- 
volvement of the central nervous sy’stem may be 
manifested by an acute meningitis. This condition 
usually appears within the first 2 yc.'irs after the 
onset of syphilis. It nearly always occurs in patients 
who have previously had inadequate therapy and 
may be associated with an infectious or mucocu- 
taneous relapse. 

The symptoms usually’ consist of headache, cra- 
nial nerve lesions, delirium, convulsions or signs of 
increased intracranial pressure. Papilledema is fre- 
quently found in patients with syphilitic meningitis, 
and these cases arc often diagnosed erroneously as 
h.nving brain tumors. 

The serologic lest for syphJis and the spinal fluid 
Wassermann are usually strongly positive. The 
spinal fluid may show a marked lymphocytosis, 
counts ns high as 2,000 cells per cii mm kav-ing 
been observed. Tliis condition is often confused 
WTth other forms of lymphocytic meningitis, such 
ns tuberculous or vims meningitis. Tlie iromodi.ite 
prognosis is good, but the ultimate prognosis is mudi 
more serious. If the patient does not receive ade- 
quate treatment, late manifestations of neurosyph- 
ilis or paresis are likely to develop. 

MeningocascuIaT SijphtUs. Meningovascular syph- 
ilis IS usually manifested by signs of thrombosis of 
one or more of the branches of the cerebral or 
spinal arteries. Since there is almost always some 
evidence of leptomeningitis, the term meningovas- 
cular syphilis IS used to describe these cases. 

The symptoms of this condition depend upon the 
location and sue of the vessels involved Mono- 
plegia or hemiplegia, hemianesthesia, aphasia, or 
hemianopsia may occur. Crani.il nerve pakies arc 
frequent and convulsions are often observed. Syphi- 
litic endarteritis may ako involve the cerclicllar ves- 
sels. Patients with meningovascular syphilis some- 
times develop psychotic behavior, and diHcrentia- 
tion from paresis is often diilieult. 

In older patients it is often impossible to differ- 
enti.ite clinically between syphilitic v’ascular dis- 
ease .md a cerebral thrombosis of other cliolo^. 
In such cases the blood and spin.il fluid finding 
provide the only means of differentiation. The blo^ 
serologic test is positive in the majority of patients 
with vascular neurosyphilis, and the spinal fluid 
usually shows a moderate increase of cells and pro- 
tern with a positive serologic reaction. A diagnosis 

' meningovascular syphilis should not be made if 
'^ypin.il fluid is normal. 


Tlie vessels and meninges of the spinal cord un- 
dergo changes identical with those in the brain. 
Widi thrombosis of the anterior spinal artery’, the 
patient may suddenly develop signs of an acute 
transverse mijclitis with paraplegia, loss of sensa- 
tion, and fecal or urinary incontinence. Usually, 
however, meningovascular lesions of the spinal cord 
are insidious and produce chronic progressive pa- 
ralyses and sensory disturbances. A number of neu- 
roli^ic syndromes result from more or less localized 
spinal cord lesions: syphilitic involvement of the 
pyTamidal tract produces the so-callcd Erb's spastic 
spmal paraplegia; anterior horn cell degeneration 
causes a picture simdar to progressive muscular 
atrophy: whUe a single localized gumma may simu- 
late cord tumor. 

ITie term tneningovasetdar syphilis is also em- 
ployed for a large group of patients with diverse 
signs and symptoms, such as epilepsy, eighth nerve 
deafness, otlicr cranial nerve lesions, or chronic 
headaches. Ptipillaiy abnormalities are frequently 
present and may consist of a variety of changes, 
such as miosis, dilatation, anisocoiia, fixed pupils, 
or typical Argyll Robertson phenomena. 

Tabes Dorwiij (Locomotor Afaxia), Tabes dor- 
salis is a fonn of neurosypluhs in which tliere is 
selective degeneration in die posterior roots of the 
spmal nerves and the posterior columns of the spinal 
cord. Microseopjcally the dorsal roots may appear 
completely dcmyebnalcd, and there is marked loss 
of nerve fibers. The posterior columns of the spinal 
cord ako show a loss of myelin and degeneration 
of the axons. Spirochetes are rarely found in these 
lesions. In the majority of cases tabes appears 20 
to 30 years after the initial infection. It is found 
more commonly in men than in women. 

Tatients with tabes frequendy develop sev'ere, 
agonizing shooting or ’'lightning“ pains in the legs. 
Girdle pains also occur in tabetics, along with par- 
esthesias, numbness, and tingling of the trunk, 
liands, or feet. Anotlier type of severe pain occurs 
in attacks of gastric crisis. About 10 per cent of 
tabetic patients develop severe episodes of abdom- 
inal pain associated with nausea and vomiting. 
Tlicse attacks may last for days, resulting in dehy- 
dration and exhaustion. Patients with gastric crisi’s 
are sometimes diagnosed as having acute surgical 
conditions, and unnecessary operations have been 
performed on these individuals. 

Ataxia is a major symptom in tabes and may be 
so severe that the patient is unable to walk or stand. 
Some patients develop a ty-pical tabetic gait, which 
consists of slapping of the feet and walking on a 
broad base. The ataxia is worse in the dark, and 
the patient may sway or fall when standing w'ith 
hi’s eyes closed (Romberg’s sign). The damage to 
the nerve fillers in the pustcrior columns not only 
results ill ntaxia but also produces loss of position 
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sense, and tlic palicnf docs not loiow without sisual 
assistance the exact position of his toes or foci. Vi- 
bratory' sensation in tlie legs is diminished or ab- 
sent There may be diminution of deep pain sensa- 
tion to pressure on the testes or Achilles tendon, and 
areas of hypcslhcsia may be present on the trunk 
or in the hands and feel. The patella and Aclnllcs 
tendon reflexes arc sluggish or absent. Patients with 
tabes often show evidence of hypotonia and hypcr- 
extcnsibilityof the joints. Degenerative lesions, such 
as chronic, nonhealing lesions of the skin and CliPf- 
col joints, are also found. 

Involvement of the autonomic nervous syshmi 
may occur in patients vv ith tabes, and postiirol hy- 
jwtension is occasionally present. Severe futroxljs- 
wal hyjpcsiewsvovv, \sv\,\v g-a^V!v« 

also been observed and may simulate paroxysiiial 
hypertension caused by phcochromoeyfoma 

Urinary difJieiiJlicj occur in approximately 50 to 
60 per cent of patients with tabes These often 
appear early in the dise.ise and consist of hesitanC)' 
or difliculiy in starting micturition Later the p-"'* 
tient develops complete loss of bladder sensation 
Patients with tabetic bladder often gwe no Uislor>' 
of urinary symptoms, and catheterization for resid- 
ual urine should be done in all vvho have evidence 
of tabes. Impotence and loss of sexual desire a^c 
frequently noted. 

Paralysis of tlie oculomotor nerves is common m 
tabes, resulting in diplopia, ptosis of the hds. or 
ophthalmoplegia. Pupillary abnonnahlics an abo 
extremely common and may be manifested by the 
classic Argyll Robertson phenomena, that is, miosis, 
reaction to accommodation but no reaction to light, 
poor response to atropine, and absence of cih®- 
spinal reflex. Tliis condition must be diilcrcnliated 
from Adie’s ptipil, which is usually unilateral, is 
larger than the normal pupil, and reacts slowly to 
both light and accommodation. Patients vvith Adi^s 
pupils may also have absent or diminished tendon 
reflexes. 

Atrophy of the optic nerve occurs in about 10 to 
15 per cent of patients vvith tabes. About 70 per 
cent of patients with untreated optic atrophy be* 
come blind in 3 years and 90 per cent in 5 year*- 
On ophthalmoscopic examination the optic disk a]^ 
pears white and sharply defined. The physiologic 
cup is prominent and the lamina enbrosa is abn(?r- 
aially conspicuous. Visual field defects and dimi* 
nution of vision may be present with only sligirt 
changes in the color of the disks. To detect sucn 
cases of optic atrophy early, careful perimetry ajid 
visual acuity examinations should be made in 
cases of neurosyphilis. Although improvement “ 
vision is not to be expected in patients with opljc 
xH \Vve tAuspViva eaxv usually 

l^e obtained by penicillin therapy in patients with 
early involvement. 
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In early cases of tabes the serologic test for syph- 
ilis is often strongly positive, and the spinal fluid 
may show definite abnormalities, such as increased 
cells and protein and a positive Wassermann. In 
patients vvith long-standing tabes, however, the 
blood and spinal fluid findings may be misleading. 
Approximately one-fourth of such patients have neg- 
ative blood serologic tests, while as many as 20 
per cent have normal spinal fluids. Tabes dorsalis 
must be differentiated from numerous other diseases 
of the spinal column, such as cord tumor, combined 
system disease, and syringomyelia, as well as vari- 
ous types of peripheral neuritis (particularly dia- 
betic neuropathy). The response of tabes to treat- 
ment is often poor, and symptoms may progress 
‘leipJ.tff, ill cA . 

Paretic A’curosypIi/I/s (Dementia Paralytica, 
Paresis, Cencral Paralysis of the Insane), General 
paresis is a psychosis caused by extensive spiro- 
chetal invasion of the brain. On histologic examina- 
tion the most prominent feature is degeneration of 
(he nerve cells. Perivascular infiltration and endo- 
thelial proliferation of the small vessels is seen. 
Trcjionema pallidum can be demonstrated in the 
cerebral cortex and other portions of the brain. 

Paretic ncurosyphilis is more common in men 
than m women and usually develops between the 
ages of thirty-five and fifty years. The onset is most 
often insidious, prodromal symptoms consist of 
headache, insomnia, difliculty in concentration and 
easy fatigability. As the disease progresses, a 
gradual change in personality takes place, with 
increased irritability, memory loss, poor judgment, 
lack of personal care, and deviations in character. 
These alterations may occur over a period of several 
months. Many of them are noted by the patients 
family only in retrospect and elicited only by close 
questioning The onset of paresis is sometimes 
sudden and may be ushered in by convulsions, 
syncope, or a cerebral vascular accident. 

The simple, demented type of psychosis is the 
most common. These patients show confusion, 
apathy, imjaaired memory, and defects in j'udgment 
Memory is particularly poor for recent events. They 
are often unable to concentrate on simple calcula- 
tions and show little insight or concern about their 
illness. The grandiose form of paresis is manifested 
by euphoria, overactivity, ideas of grandeur, and 
megalomania. Auditory and visual hallucinab'ons 
are not common in these patients, but delusions of 
wealth and prowess are frequent. The type of 
psychosis that prevails m a given case depends to 
a great extent upon the preparetic personality of 
the individual. As the disease progresses, however, 
the ^TOptoms of euphoria, paranoia, or mania re- 
cede, and simple deterioration and dementia be- 
come the outstanding features. 

Eventually the patients become completely bed- 
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ridden and are unable to move and feed themselves. 

On neurologic examination these patients may 
present vanous motor disturbances, sucli as tremors 
of the facial muscles, tongue, and outstretched 
hands. The patient’s handwriting is altered because 
of the tremors and incoordination. The speech be- 
comes sluned, and test phrases arc mispronounced. 
Pupillary abnormalities are common, and deep re- 
flexes are usually exaggerated. Some patients with 
paresis also have signs and symptoms of tabes — l.e., 
taboparesis. 

The demented fonn of paresis must be differenti- 
ated from senile dementia and Alzheimer’s disease. 
The manic and paranoic types must be distinguished 
from manic depressive psychoses and schizophrenia. 
In the early stages of paresis, differentiation from 
neurasthenia is sometimes cbfficult, and spinal fluid 
examination may be the only means of dl.ignosis. 

The spinal fluid in general paresis shows marled 
changes, with increased cells and protein, positive 
serologic test, and first-zone cofloidal re.acUon. The 
diagnosis of paresis should never be made in Uic 
presence of a normal spinal fluid; a positive spinal 
fluid is present in 100 per cent of untreated cases 
The course of untreated paresis is progressive, 
and death usually occurs uithin a few years after 
the onset of symptoms Tlie prognosis Improves con- 
siderably xvith Vherapy, but the chances for com- 
plete recovery are at best about 50 to 60 per cent. 

SYPIULIS IN PREGNANCY 
Syphilis in pregnancy is a special problem, be- 
cause the fetus becomes infected after the fifth 
month of pregnancy by passage of T. paJhdum 
through the placenta. This usually occurs in women 
with early untreated syphilis, but is sometimes 
observed in late syphilis. Pregnancy complicated 
by syphilis may terminate in a spontaneous abor- 
tion, a stillborn infant, or a premature or full-term 
infected child. The maternal infection, however, 
becomes attenuated as the duration of the disease 
increases, and the chances of the fetus being in- 
fected are less with each succeedmg pregnancy’. 

Pregnancy is believed to have a beneficial influ- 
ence upon the course of the syphilitic infection, 
and late manifestations of the disease seem to occur 
less frequently in multiparous women than in others. 

A serologic test for syphiLs should be talcn rou- 
tinely at the first prenatal visit of every pregnant 
woman Tlie early recognition of syphilis in preg- 
nancy followed by adequate treatment will prevent 
congenital syphiLs in imost every instance. 

3NGEN1TAL SYPIULIS 

Infantile congenital syphilis is often an over- 
lelming mfection, such infants are severely ill. 
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malnounshed, and dehydrated. The most common 
maniTcstations of the disease in infants are skm 
lesions, fissures, condylomas, persistent rhinitis, 
tenderness over the long bones, and pseudopanjy. 
sis. 

The diagnosis of syphilis in the infant is best 
established by dark-field demonstration of T. palfi. 
dum from the cutaneous or mucosal lesions. A ptjsi- 
tivc serologic test in the first two months of life 
does not always indicate syphilis in the infant, 
since reacting substances may have been transfen-ccl 
from the maternal circulation. A very high titer of 
the serologic reaction or a steady rise m tiler, how- 
ever, is indicative of congenital syphilis. Roentgeno- 
graphic examination of the long bones may show 
cliaractenstic areas of bone destruction and osteo- 
citondritis. 

Late congenital syphilis frequently manifests it- 
self in the second decade vvitii signs of central 
nervous system involvement, such as eigJith nerve 
deafness, optic atrophy, and jiicenile paresis. The 
prognosis of congenital ncurosypliilis is serious, 
these patients commonly show little response to 
treatment Cardiovascular syphilis is tare in the 
congenital infection 

Patients with late congenital syphilis often exhibit 
typical stigmas, such os hypoplasia, wide sp.icing 
and notching of the central incisors (fliilcmnJoii 
teeth), frontal bossing, a highly arched palate, and 
saber shins. The first permanent molar is also fre- 
quently affected in congenital syphilis and shows 
a characteristic appearance, widi several small 
atrophic cusps on the occlusal surface. This Is 
known ns a '‘mulberry molar," Interstitial kcralitis. 
a frequent complication, usually appears in the 
second decade. It is characterized by pain, lacrima- 
tion, arcumcomeal injection, and comeal opacity 
The response to therapy is poor, and serious im- 
pairment of vision often results. Occasionally, 
hydrarthrosis of the knee joint {Clutton’s sijnocitk) 
is associated with interstitial keratitis. 

LABORATORY DIAGNOSIS 

Dark-ficid demonstration of T. pallidum is most 
useful in the early stages of syphilis. It should be 
employed routinely on every genital lesion and on 
aU cutaneous and mucosal lesions suspected of being 
syphilitic. In the hands of a competent micros- 
copisl, dark-field examination is reliable and es- 
tablislics w'lthout doubt tlie diagnosis and stage of 
the infection. 

Serologic Tests. Serologic tests for syphilis (STS) 
are the most commonly used diagnostic procedures, 
In latent syphilis they are the only means by which 
the dbgnosis can be made. The serologic tests are 
based upon the presence of an antibodylile sub- 
stance (sometimes called rcagin), which appears 
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in the patient’s serum soon after the onset of the 
disease. Sj-philific serum reacts with a lipoidal 
antigen made from an alcoholic extract of beef 
heart. Various modifications of flocculation tests for 
s)philis have been named after their originators 
(Kahn, Kline, and Hinton). Tlie complement fixa- 
tion technique or Wassermann test employs the 
same t)pe of antigen, the Kolmer modification being 
the most commonly used in this country. The VDRL 
(Venereal Disease Research Laboratory) test is a 
rapid sUde technique employing cardiolipin anti- 
gen. It has a high degree of sensitivity and 
specificity and has become the flocculation test of 
choice in most state laboratories and hospitals. 

In addition to these serologic tests for s)philis 
(STS) using lipoidal or cardiolipin antigens, a 
number of other techniques have been developed 
since 1949 which employ antigens made from 
nhole body virulent T. paUidum or from chemical 
fractions of this organism. These include tlie T. 
pallidum immobilization (TPI), agglutination 
(TPA), complement fixation (TPCF), and the 
fluorescent treponemal antibody (FTA) reactions. 
In addition, a standardized antigen of the Reiter 
strain of the cultivated spiroclicle is now com- 
mercially available and is being used in the Reiter 
piotcin complement fixation test (RPCF). Although 
many new serologic procedures arc now available, it 
Is recommended tliat the standard reagin tests con- 
tinue to be used for tlie routine serologic diagnosis 
of syphilis since tlicy are highly standardized, easily 
reproducible, and inexpensive. Moreover they arc 
xvidely used, and the results are readily understood 
and interpreted b)' the ph)’Sician. The current 
treponem^ tests do not offer sufficient advantages 
over tlie standard reagin tests to supplant them as 
routine diagnostic procedures, but they arc very 
helpful as confirmatory tests and in the diagnosis of 
biologic false positive reactions. The Reiter protein 
complement fixation test has been suggested as a 
feasible method of confirming a positive standard 
serologic test in individuals who previously had not 
been suspected of having the disease. When there 
is a discrepancy between the results of the standard 
serologic test and the Reiter protein complement 
fixation test, a biologic false positive reaction should 
be considered and the patient’s serum tested with 
one of the treponemal procedures which employ 
rirulent organisms as an antigen. 

The rapid plasma reagin (RPB) test has the 
advantage of being a very rapid serologic procedure 
since it uses vmheated plasma or serum. It is more 
sensitive than the standard serologic tests and has 
been recommended as a routine screening technique 
for laboratories performing large numbers of tests 
or for surveys requiring on-the-spot results. 

It lias been recommended that the results of 
Serologic tests be reported as “reactive," "weakly 
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reactive," and "nonreactivc" in substitution or in 
place of the previous terms “positive," “doubtful,” 
or “negative.” The presence of a nonreactive or 
negative standard reagin test does not always ex- 
clude syphilis nor is a reactive or positive test 
always proof of the existence of the disease. Sero- 
logic tests are nonreactive in the incubation period 
of S)’philis during the early weeks of the primaiy 
stage and in many of the late manifestations svich as 
cai^iovascular and neuros)’phi]is (tabes dorsalis in 
particular) . 

The height of the titer in senal serologic tests is 
of value in the diagnosis and management of the 
various stages of the disease. A sharply rising titer 
is usually found in reeentl)’ acquired 5)^11111$, while 
a stationary titer indicates an infection of some 
duration. A rapidly falling titer in the absence of 
therapy is evidence ag.iinst the diagnosis of syphilis 
and may indicate a false positive reaction. The 
height of the tiler has no bearing on the prognosis 
or outcome of the disease CarefuUy titered tests 
arc also important in determining the results of 
therapy; a conbnuing falling titer indicates a satis- 
factory response. 

Biologic False Positive Serologic Tests for S>TbI' 
Us. Positive reactions appear in a great variety of 
illnesses and are due presumably to the appeatanee 
In the patient’s serum of substances which act like 
reagin and give positive flocculation and coinple- 
ment fixation reactions for syphilis These reactions 
are usually transient, but in some instances may be 
positive for months or years. 

Biologic false positive reactions are frequently 
observed In patients with vaccinia, infectious mono- 
nucleosis, malaria, leprosy, and upper respiratory 
diseases, as well as in spirochetal infections, such 
as yaws, pinta, and relapsing fever. Otlier infections 
which are occasionally associated \vith false posi- 
tive rcacb'ons are lymiphogranuloma venereum, 
chancroid, measles, chickenpox, atypical pneu- 
monia, infectious hepabtis, rat-bite fever, and dis- 
seminated lupus Biy’thematosus In fact, any febrile 
disease or immunization is a potential cause of false 
positive tests. There is evidence that individuals 
vvnth biologic false positive reactions of long dura- 
tion may have serious illnesses sucli as collagen 
disorders, sarcoid, or lymphomas. 

The Treponema paffidum-immobilizing (TPI) 
test of Nelson and other treponemal tests are often 
of considerable aid in the diagnosis of false positive 
reactions. These tests are almost always positive in 
late syphilis. A negative treponemal test is, there- 
fore, of value in excluding the diagnosis of syphilis 
A positive test on the other hand indicates the ex- 
istence of a syphilitic infection even if the standard 
serologic tests are negative. In most cases, the false 
positive reaction will become negative within 6 
months. If the patient continues to show a positiic 
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serologic lest and if the adpmct procedures do not 
indicate a false positKc reaction, anUsyphditic 
tlierapy sliould be instituted. If the patient becomes 
pregnant or is to be married, immediate treatment 
is indicated. 

Serorcsistancc. In many patients with syphilis the 
serologic test remains positi\e despite prolonged, 
intensive therapy. These patients are called sero- 
resistant, or W'assermann-fast. One of the aims of 
therapy in early syphilis (particularly during tlie 
first 2 years of the disease) is to procure and main- 
tain a negative serologic reaction. In late syphilis, 
however, seroresistance is of little clinical impor- 
tance and has no relationship to the outcome of the 
disease. 

In most patients with early syphilis the serologic 
test becomes negative within 6 montlis after begin- 
ning therapy. Occasionally tlie titer of the serologic 
reaction falls very slowly and the tests remain 
positive in low titer (i.e., less than 1:4 dilution) for 
as long as 1 to 2 years. In some patients with early 
syphilis there is very little serologic response to 
treatment, and the titer remains high for 6 to 9 
months or more. This type of seroresistance is usu- 
ally followed by clinical relapse, and these patients 
should be re-treated. 

Neurosyphilis is frequently associated with sero- 
resistance in both early and late cases, and the 
spinal fluid should be examined in every patient 
with a persistently positive serologic reaction. 

The scrorcsistant patient is often discouraged 
over the failure to reverse tlie serologic test and 
becomes deeply concerned for fear that the infec- 
tion is not arrested In addition, he may be em- 
barrassed in applying for a marriage license or 
employment when blood tests are a part of the 
prcmantal or prcemployment examination. TIic 
physician should make every effort to reassure such 
patients that tlie outcome of the disease is not 
related to the persistence of a positive serologic 
test. Seroresistance should not be an obstacle to 
marriage. 

Spinal Fluid Tests. The spinal fluid must be ex- 
amined m every patient rvith syphibs. This is the 
only method of detecting involvement of the central 
nervous sy’stem in the asymptomatic stage, of de- 
termining the efiicacy of treatment, and of confirm- 
ing the diagnosis of symptomatic neurosyphilis. 

The spinal fluid cell count should be done xvithin 
an hour after the fluid is withdrarvn. A count of 
more than 8 lymphocyles per cubic millimeter is 
usually considered abnormal, Even a small amount 
of blood in the spinal fluid will affect the accuracy 
of the vanous examinations. A quantitative de- 
termination of the spinal fluid protein sliould be 

— e in every case. 

Complement fixation tests for syphilis arc geiv- 
ly regarded as being more sensitive lh.in floe- 


cul.ition tests for examination of spinal fluid. The 
spinal fluid of patients with neurosyphilis has been 
found to contain immobilizing antibodies for T. 
pallidum. 

Tlie spinal fluid may also show biologic false 
positiv'c complement fixation or flocculation reac- 
tions This may be caused by a bloody tap or any 
condibon which produces an increased protein in 
tile spinal fluid. Brain tumor, bacterial or virus 
meningitis, encephalitis, or subarachnoid hemor- 
rhage can produce a false positive lest for syphibs 
io either syphilitic or nonsyphilitic patients 

Tlie value of colloidal precipitation tests (gold 
and mastic reactions) has been overemphasized in 
the diagnosis of neurosyphilis. The zone of pre- 
dpitation or the shape of the colloidal curve lias 
little diagnostic significance. 

Biopsy, Biopsy is a valuable diagnostic pro- 
cedure, especially for cutaneous lesions. In late 
syphilis inv'olving the lymph nodes, testes, or larynx, 
it is indispensable. 


TREATMENT 

In patients with early syphilis adequate treatment 
can produce on absolute, or biologic, cure, 'vilh 
complete healing of lesions and reversal of serologic 
tests and spinal fluid findings. These patients be- 
come entirely wefl, are not infectious, and do not 
develop any of the late manifestations of the dis- 
ease. 

Treatment of late syphilis may not achieve these 
goals. Despite long and vigorous therapy the sero- 
logic tests in late syphilis often remain positiv'c 
Late syphibtic lesions are often asvoci.ated w’llh 
permanent damage, and treatment may produce 
little or no return of function. 

Early Syphilis. In I943 penicillin was found to 
be effective in the treatment of syphilis. The use 
of arscnicals, bismuth, or mercurijils is rarely, if 
ever, indicated. Other antibiotics, such as chlornm- 
phcmcol and tlie various tetracyclines have trep* 
oneraiddal activity and produce healing of both 
early and late syphilitic lesions. The ultimate place 
of these drugs in the treatment of syphilis has not 
yet been established. They are probably not so 
effective as penicillin, but doses of 3 to 4 Gm daily 
for lO to 12 days are recommended. Erytliroioycin 
and carbomycin have also been shown to have some 
treponemicidal action. 

Procaine penicillin and benzathine penicillin C 
hav'e generally replaced crystalline penicillin in 
aqueous solution, except perhaps in the very serious 
or far-advanced stages of syphilitic infection. The 
minimal effective total dosage of penicillin has been 
found to be approximately 2 4 million units. In- 
creasing the total amount of penicillin from 2 4 to 
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9.6 million units does not decrease the failure rale 
in early s)philis. 

The total dosage of depot penicillin usually pre> 
scribed is approximately 4 to 6 million units given 
o«r a period of 8 to 12 days. This schedule will 
produce satisfactory results in about 90 per cent of 
patients. The remaining 10 per cent will show 
clinical or laboratoiy’ changes of cither a relapse or 
'cinfeclion. Benzathine penicillin G has also been 
found to be effective in early s)philis uben given 
as a single injection of 2.4 million units or in two or 
three weeUy doses. It has the advantage from the 
public healtli standpoint of completing treatment 
m a minimum period of time but is not recom- 
mended as a routine method of treatment. Oral 
penicillin products arc not recommended for the 
treatment of s^’pbilis. Tlic other antibiotics with 
Ircponemicidal acti\-ity should be used only in 
patients in whom penicillin is contraindicated. 

JarischJIcrxhctmcr /traction, ^\'ith^n a few hours 
after tlic first injection of either an arsenical or 
penicillin, about 50 per cent of patients wiUi early 
S)philis experience fever, malafsc, headache, my- 
algia. and a flare-up of cutaneous lesions. Tltis Is 
presumed to be caused by release of breakdown 
products of spirochetes following the Injection of 
truponcmicidal agents In early s)philis tlicse $)'mp- 
toms disappear within sescral hours and leave no 
permanent tissue damage. In late syphilis such 
reactions can be disastrous if (he lesions arc located 
In such areas os the ostiums of the coronary arteries, 
the wall of an aneurysm, or the central nervous 
system. 

Posllrcalment Observation. After completing 
treatment, patients should return cNCry month dur- 
ing the first year for quantitathc serologic tests and 
eramination for relapsing lesions. If Uie patient 
dcielops a recurrence of syphilitic lesions or evi- 
dence of ncurosyphilis, or if there is a birth of a 
syphilitic cliild, re-trcatment is necessary. If the 
serologic test in patients with early syphilis shows 
r'o appreciable decrease within 0 months or if the 
titer is elevated (arbitrarily a dilution of 1:4 or 
higher) 1 year after completion of therapy, further 
treatment is indicated. A positive reaction in any di- 
lution 18 months or more after completion of treat- 
ment of primary or secondary syphilis should be 
considered as evidence of treatment failure, and an- 
other course of therapy with penicillin is indicated. 

Serologic tests should be taken at 3-monlh inter- 
vals during the second year after treatment and at 
fi-month intervak during the tliird, fourth, and fifth 
years. If at the end of 5 years the patient has no 
clinical evidence of syphilis and has a normal 
blood and spinal fluid, he may be considered com- 
pletely cured. 

A spinal flutd ciatninatton should be performed 
6 months after the completion of treatment for 
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early syphilis. If it is normal at this time and if 
the patient continues to show no evidence of clini- 
cal or serologic relapse, it need not be repeated 
until approximately two years following treatment. 
Patients having positive spinal fluid tests for syphi- 
lis 6 months or more after treatment for early 
syphilis should be re-treated. 

Itclapsc and Ilcinfection. Evidence of relapse in 
early syphilis may occur as early as 4 weeks or as 
late as 2 years after treatment. 

The prognosis of relapsing syphilis is more serious 
tlian the initial infection, and such patients should 
be re-treated with tw'ice the original dose of penicil- 
lin, given over a longer period of time. Many pa- 
tients witli recurrent syphilis actually' have a new 
infection rather than a relapse of their original in- 
fecUon. Although various criteria have been set 
up to distinguish relapse from reinfection, differ- 
entiation is often impossible. 

Sj^liilis in Pregnancy. Congenital syphilis can 
be prevented by proper treatment of syphilis in 
pregnancy. Although women with syphilis of many 
years’ duration arc not likely to bear syphilitic 
children, further treatment of such patients during 
pregnancy' is recommended. Although treatment 
with penicillin is of considerable value when given 
dunng the l.ist months of pregnancy, it is best 
given before the fetus becomes grossly infected, 
i.e., before the last trimester. 

All patients treated for syphilis in pregnancy 
should be observed very closely, and quantitativ’e 
serologic tests for syphilis taken at least every 
month. Rc-treatment during pregnancy is indicated 
if there is a rise in serologic liter following therapy, 
if a definite decrease \n titer fails to occur in pa- 
tients vvith early syphilis, or if the patient develops 
recurrent sypliihtic lesions. A positive serologic test 
at the time of delivery does not necessarily indicate 
tliat treatment has been inadequate. The child bom 
of a mother treated for syphilis should have a sero- 
logic lest every 2 to 4 w’eeks until it is at least sl\ 
months of age. Once the woman has received ade- 
quate amounts of pcnicOIin for syphilis, it is not 
necessary to re-treat her dunng succeeding preg- 
nancies if the titer of the serologic test is negative 
or remains low (less than 1:4). 

Congenita] Syphilis. Infants with congenital 
syphilis should receive careful supportive care and 
adequate nutntion, in addition to antisyphditic 
treatment. Penicallm is very effectivej a total dosage 
of 200,000 uiuts per kg body weight given in 
equally divided amounts every 3 hr for 7 to 10 
days IS adequate. Although die use of procaine 
penicillin in a large series of tliese cases has not 
been reported, this type of penicillin should also 
give satisfactory results. Doses of 150,000 units of 
procaine penicillin in aqueous solution given every 
day for eight injections are recommended. FoUovv’-up 
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hluod tests and the indications for retreafment in 
furly congenital syphilis are the same as in early 
acquired syphilis. 

Treatment of interstitial keratitis is not altogether 
satisfactory. Penicillin therapy is recommended, but 
it does not always result in reduction of the in- 
il.nmmation or clearing of the corneal opacities. 
Occasionally, interstitial keratitis appears for the 
first time during, or immediately after, what appear 
to l>e adequate dosages of penicillin. It seems 
probable that this ocular manifestation represents 
a 1)^10 of hypersensitivity phenomenon. Cortisone 
in aqueous suspension (3 mg per ml) or in ointment 
form should be applied to tlie involved eye every 
ftw hours day and night for several weeks. The 
inflammatory reaction often recurs, however, after 
the drug is discontinued, and repealed courses may 
be necessary until spontaneous regression of the 
condition appears. Hydrarthrosis (Clutton's syno- 
\itis) responds slowly to penicillin therapy. 

Late Sj-phih's. Latent Stage. The chief purpose 
in treating late latent syphilis is to prevent the de- 
velopment of gummatous lesions and cardiovasciJar 
syphilis. Patients will) hate latent syphilis have 
negative spinal fluids and rarely, if ever, develop 
ncurosyphihs. 

FenicilUn has not been fully evaluated in late la- 
tent syphilis. Since the prognosis of this stage of Utc 
disease IS so good and since the drug is Imown to 
be effective in both early and late symptomatic 
syphilis, it Is presumed to be of value in patients 
with latent infection. The treatment schedules sug- 
gested for early syphilis, employing 4 to 6 million 
units of penicillin, are recommended. Failure of tho 
serologic test to revert to negative after adequate 
treatment — 1 e , seroresistance — is not necessarily a 
forerunner of late complications. Once the patient 
with late syphilis has had adequate treatment, addi- 
tional penicillin therapy will not contribute signifi- 
cantly toward reversal of tlie blood test. 

Skill, Bones, and Viscera. Gummatous lesions of 
tlie shin, mucous membranes, bones, and viscera 
usually respond promptly to penicillin therapy. The 
recommended total dosage of penicillin is greater 
than that employed in early syphilis and should be 
•ipproximately 10 million units Tliis can be adrobvis- 
tered as 000,000 units of procaine penicillin given 
every 45 hr for 12 injections. Tlie postlrcatment 
observations and indications for rc-treatraent of 
these patients are tlie same as those recommended 
above A high percentage of patients with late 
syphilitic Ic-vions liave abnormal spinal fluid find- 
ings, and a lumbar puncture is indicated in every 
patient before treatment is instituted. 

Cardiocascular Sijphilis, Tlic value of antisyplii- 
lific therapy in late cardiov.iscular syphilis Is dilfi- 
to ditcrminc. Many sy philologists believe that 
int docs not delay the ultimate development 
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of myixiardial failure or ancurysm.i] rupture. Treat- 
Jnent appears to be of some value, howeM-r, io 
early aortic insufRciency’, uncomplicated aortitis, of 
small asymptomatic aneurysms. The risk of a seriou.'S 
Herxlieuncr reaction following initiation of penicil- 
lin treatment of these eases has been found to Iki 
minimal. Preparatory bismuth therapy is probably 
of Utile value in preventing this type of reaction, 
and most workers begin treatment vvitli penicillin- 
The total dosage is 10 to 15 million units of peni- 
cillin, given in schedules similar to tliose rccom- 
mended for gummatous lesions. As in other types 
of late syphilis, the serologic lest often remains' 
positive after therapy. Proper management of con^ 
geslivc failure and restriction of phy'sical activity 
of these patients is of paramount importance. 

Neurosijphilis. The results of treatment of neuro- 
sypliilis depend largely upon tlie type and duration 
of llie ncuropatholop'c process. If the predominant 
lesion of the central nervous system is degenera- 
tive, ns in tabes and optic atrophy, little response 
to any form of treatment can be expected. If the 
tissue reaction is chiefly inflammatory', as in syjilil- 
htic meningitis, rapid and almost complete return 
of function will occur. 

Penicillin treatment of ncurosyphihs is often fol- 
lowed by dramatic clinical response vvith prompt 
and favorable changes in the spinal fluid. Shortly 
oftcr penicillin tlierapy, there is a rapid reduction 
in the spinal fluid cell count and protein. Tlie spinal 
fluid serologic reaction, however, may not become 
negative for 5 years or more. Penicillui produced 
normal spinal fluid cell counts in 85 to 90 per cent 
of patients treated for various types of neurnsyphilis. 
The remaining 10 to 13 per cent showed abnormal 
spinal fluid cell counts 0 to 12 months following 
treatment and were considered treatment failures 

It is generally a^eed that the improvement in 
the clinical manifestations of neurosyphilis as wtll 
as the spinal fluid abnormalities following penicillin 
is os good as that obtained with fever ther-ipy. 
Penicillin alone is the treatment of choice in p.i- 
tients vvith asymptomatic neurosyphilis, syphilitic 
meningitis, meningovascular syphilis, and tabes 
The optimum dosage schedule has not been defi- 
nitely established, but doses of 10 to 15 million 
units are usually recommended either as the aque- 
ous solution, 100,000 units every 3 hr, or as reposi- 
tory penicillin 900,000 units a day. 

Treatment of the tabetic bladder may be very 
discouraging. Dnigs, such as Mccholyl chloride and 
ergotamine, have been employed to increase bladder 
tone and contraction, but the results arc variable 
In early eases the patient can bo trained to mic- 
turate at regular intervals and empty the bhidder 
by pressure on the lower abdomen. In late c.ises, 
surgical procevlurcs (trausuretliral resection of the 
v-esical neck, suprapubic cystotomy) may be ncccs- 
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sar)’. Urinary tract infection should be prevented 
and instrumentation avoided as much as possible. 
Charcot joints arc rarely impro\ed by anttsyphilitic 
therapy, and special ortliopcdic treatment is neces- 
sary. The management of patients wdth gastric crisis 
is sometimes very’ difiicult. In the acute attack the 
patient should be heavily sedated Morphine should 
be avoided. Large doses of atropine arc said to be 
of value in relieving the symptoms of guStric crisis 

In most eases of advanced optic atrophv the use 
of penicillin or fever, alone or in combination, does 
notp^c^ent the development of blindness Patients 
with optic atrophy should be admitted to the 
hospital and gi\cn penicillin in aqueous solution, 
200,000 units every 4 hr for 13 to 17 day's, for a 
total dosage of 15 to £0 million units. 

In paresis, penicillin alone often results m market! 
improNCtnent in tremor, mental slate, and speech 
and writing defects. It has been reported to produce 
entirely satisfactory’ results in about 20 per cent 
and signific.int improvement m an additional 35 
per cent of a large series of patients with paiesis 
treated In general hospitals. Earh penicillin tre.it* 
meat of Incipient paresis has resulted in chmc.d 
remission and ability to return to work m more than 
80 per cent of patients. Large amounts of penicilhn 
—15 to 20 million units — are generally n'tum- 
mended, but doses as low as 0 million units h.i\c 
been found to be of value. Although the rcposiion’ 
type of penicillin is said to be as elTctteNC as .ique- 
eus penicillin in paresis or optic alropby, tlw k^uc 
ous preparation Is preferred in the modcratciv oi 
severely affected eases. It shtwikl be given m 
schedules similar to those recommended for optic 
atrophy, 

Fe\er therapy is rarely used at present m cither 
optic atrophy or paresis since recent evidence in- 
dicates that its possible additive effects arc not 
sufficient to justify the hazards associated with it 
In selected patients with these disorders, however, 
in v\hom the neurosyphilitic process progresses de- 
spite adequate initial penicillin therapy, re-treat- 
ment with fever therapy and penicilhn should be 
considered. Re-treatment with penicillm alone, how- 
e'er, is indicated in progressive paresis if the inili.il 
course of treatment consisted of less than G million 
units. Penicillin alone should also be used to re- 
Ircat patients who show elevated spinal fluid cdl 
counts a year or more after the initial therapy or in 
whom there was temporary clinical improvement 
after treatment but subsequent progression. 

Careful neuropsychiatn'c and spinal fluid observa- 
tions should be made following treatment of all 
patients with neurosyphilis. These should be done 
e\eTy 4 months during the first year, twee during 
the second year, and once a year thereafter, or until 
the spinal fluid is completely negative and per- 
'O'lnciit regression of symptoms seems app.ircnt. In 
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kle neurosyphilis the spinal fluid serologic reaction 
often remains positive for many years, despite re- 
peated courses of chemotherapy or fever; this does 
not in itself indicate progression or relapse of the 
ncurosy'philitic process. 

IlcrxJieimer Reactions in Late Sijphilis. Exacerba- 
tions of late syphilitic lesions are not infrequently 
observed foUosving the initial administration of 
arscDicals or penicillin. Approximately one-half the 
patients treated for paresis become temporarily' 
worse and show increased agitation and mental 
confusion during the first 24 hr of penicilhn treat- 
ment. Otlier manifestations of Herxheimer reaction, 
such as myelitis, convulsions, and exacerbation of 
lightning pains, have been reported. 

There have been very few cases in which penicil- 
lin therapy has appeared to produce an acute 
exacerbation of clinical manifestations of cacdio- 
\.iscular syphilis. Neither the use of small initial 
doses of penicillin nor preparatory treatment with 
bismuth seems indicated in an attempt to prevent 
Hervheimer effects. 

Effect of Penicillin and Other Antibiotics When 
Used for Other Diseases. The widespread use of 
penicillin and antibiotics with treponemicidal prop- 
erties in the treatment of various other infections 
has created confusion in the diagnosis and manage- 
ment of syphilis. This is particularly true when 
gonorrhea is treated. Patients with gononhea may 
have acquired syphilis simultaneously. Although 
there is reason to believe that the use of penicillin 
and perhaps the other antibiotics frequently abort 
the syphilitic infection completely, they may at 
times only delay the appearance of the lesions or 
prevent ffieir development. For these reasons it 
IS recommended that all persons with gonorrhea 
treated with penicillin or the other spirocheticidal 
antibiotics should have serologic tests for syphilis at 
monthly intervals for at least 4 months. Tlie ap- 
pearance of fever several hours after the adminis- 
tration of penicillin for gonorrhea is suggestive of 
a Herxheimer reaction and the presence of syphilis. 

The management of patients with positive sero- 
logic tests who have had previous penicillin therapy 
for other nonrelated infections is sometimes diffi- 
cult. If syphilitic infection is thought to be present, 
the decision as to further therapy should be based 
upon the amount of penicillin already administered, 
the type and duration of syphilitic infection, the 
result of the spinal fluid examination, and the titer 
of the serologic lest. 

prophylaxis 

Sj-philis and the other v’enereal diseases can be 
prevented in most instances by the proper prophy- 
lactic measures during and following seviial inter- 
course. Protection from contact with infectious 
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lilood tests nnO the indfcalions for rctrcatmenl in 
larly eongonital syphilis are the same as in early 
acquired sv-phUis. 

Treatment of interstitial keratitis is not altogether 
satisfactOT)’. Penicillin therapy is recommended, but 
it does not always result in reduction of the iiJ' 
fiammation or clearing of the corneal opacities. 
Occasionally, interstitial keratitis appears for the 
first lime during, or immediately after, what appear 
to bo adequate dosages of penicillin. It seems 
probable that this ocular manifestation represents 
a 1)^)6 of h}-perscnsilivity phenomenon. Cortisone 
in aqueous suspension (5 tng per ml) or in ointment 
form should be applied to the involved eye every 
few hours day and niglit for several weeks. Tlie 
inflammatory reaction often recurs, how’cver, after 
the drug is discontinued, and repealed courses may 
be necessary until spontaneous regression of the 
condition appears. Iljdrarthrosis (Gluttons syno- 
vitis) responds slowly to penicillin therapy. 

Late S}pliilis. Latent Stage. Tlic chief purpose 
in treating late latent s)-philis is to prevent the de- 
velopment of gummatous lesions and cardiovascular 
s^^philis Patients with late latent syphilis have 
negative spinal fluids and rarely, if ever, de\elop 
ncuros)phiIis 

Penicillin has not been fully evaluated in late la- 
tent s>ph{Iia. Since the prognosis of this stage of the 
disease is so good and since the drug is known to 
be effective in boUi early and late symptomatic 
syphilis, it is presumed to be of v’atuc in patients 
with latent infection. The treatment schedules sug- 
gested for early syphilis, employing 4 to 6 million 
units of penicillm, are recommended Failure of the 
serologic tost to revert to negative after adequate 
treatment— i.e., seraresistance — is not necessarily a 
forerunner of late complications. Once the patient 
Nsnlh late sj'pKdis has had adequate treatment, addi- 
tional penicillin therapy will not contribute signifi- 
cantly toward reversal of llic blood test. 

Skin, nones, and I'isccra. Gummatous lesions of 
tlie skin, mucous membranes, bones, and viscera 
iisu.illy respond promptly to penicillin therapy. TIic 
recommended total dosage of penicillm is greater 
than that employed in early sj'pliilis and should be 
approximately 10 million units This can be adminis- 
tered as 900,000 units of procaine pcmall/n giscn 
ever)' 48 hr for 12 injections The postfreabnent 
observations and indications for re-lrcafmcnt of 
tlicsc patients are the same as those recommended 
above A high percentage of patients with late 
svphilitic lesions h-avc abnormal spinal fluid find- 
ings. and a lumb.ir puncture is indicated m cvfsy 
patient before treatment is instituted. 

Cardiorascular Syphilis. The value of anlis)'phi> 
litie thcr.ip) m kite cardiovascular syphilis is difli- 
to dttennmc. Many svphdologisls bcheve that 
does not delay the ultimate development 


of myocardial failure or ancurvsinal niptiire. Tieat- 
ment appe.irs to be of some value, however, in 
early aortic insufiidency, uncomplicated .aortitis, or 
small as)’mptomatic ancuiy’sms. The risk of a seriniis 
Herxheimer reaction following initiation of penicil- 
lin treatment of these cases has been found to lie 
minimal. Preparatory bismuth therapy is probably 
of little value In preventing this type of reaction, 
and most workers begin tieatmcnt with penicillin. 
Tlie total dosage is 10 to 15 million units of peni- 
cillm, given in schedules similar to those recom- 
mended for gummatous lesions. As in other types 
of late syphilis, the serologic test often remains 
positiv'c after therapy. Proper management of con- 
gestive failure and restriction of phy'sical activity 
of these patients ts of paramount importance. 

Netirosyphilh, The results of treatment of ncuro- 
syphilis depend largely upon the type and duration 
of the neuropalhologic process. If the predominant 
lesion of the central nervous system is degenera- 
tive, as in tabes and optic atrophy, little response 
to any form of treatment can bo expected. If the 
tissue reaction is chiefly inflammatory, as in syphi- 
litic meningitis, rapid and almost complete return 
of function will occur. 

Penicillin treotment of neurosyphilis is often fol- 
lowed by dramatic clinical response with prompt 
and favorable changes in the spinal fluid. Shortly 
after penicillin Uieropy, tJiere is a rapid reduction 
in the spinal fluid cell count and protein. The spinal 
fluid scfologie reaction, however, may not become 
negative for 5 years or more Penicillin produced 
normal spina! fluid cell counts in S5 to 90 per cent 
of patients treated for various types of ncurosyphilis 
The remaining 10 to IS per cent showed abnormal 
spinal fluid cell counts 6 to 12 months following 
treatment and were considered treatment failures 

It is generally agreed that the improvement lO 
tile clinical manifestations of neurosyphilft as well 
as the spinal fluid abnormalities following penicillin 
is as good as tliat obtained watlv fever therapy 
Penicillin alone is the treatment of choice in p.T 
lienls with asymptomatic neurosyphilis, syphilitic 
meningitis, meningovascular syphilis, and tabes 
The optimum dosage schedule has not been defi- 
nitely eslabb’shcd, but doses of 10 to 15 million 
units are usually recommended either as the aque- 
ous solution, 100,000 units every 3 hr, or as reposi- 
tory penicillin 900,000 units a day. 

Treatment of the tabetic bladtlcr may bo veiy 
discouraging. Drugs, such as Mecholyl chloride and 
ergotamine, have been employed to increase blaildof 
lone and contraction, but the results are variable 
In early cases the patient can be trained to mic- 
turate at regular intervals and empty the bladder 
by pressure on the lower abdomen. In late eases, 
surgical procedures (transuTclhral Tcsccdon of the 
vesical neck, suprapubic cystotomy) may be ncccs- 
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sat)'. Urinan- tract infection should be prevented 
and instrumentation avoided as much as possible. 
Charcot joints are rarely improved by antisxphflitic 
therapy, and special orthopedic treatment is neces- 
sary. The management of patients uith gastric crisis 
is sometimes vexy difScult. In the acute attach the 
patient should be heavily sedated. Morphine should 
be avoided. Large do.ses of atropine are s.iid to be 
of NTilue in relie\nng the symptoms of gastric crisis. 

In most cases of adranced optic atrophy the use 
of penicillin or fc\ er, alone or in combination, does 
not prevent the development of blijidnc.ss. Patients 
wiili optic atrophy should be admitted to the 
hospital and given penicillin in aqueous solution. 
200,000 units every 4 hr for 13 to 17 days, for a 
tot'd dosage of 15 to 20 million units. 

In paresis, penicillin alone often results in market! 
improvement in tremor, mental stale, and speech 
and writing defects. It has been rcportwl to produce 
entirely satisfactory results in a^ut 20 per cent 
and significant improvement in an addibonal 35 
per cent of a large series of patients \nth p.-m'sts 
treated in general hospitals. Early neniciUm treat- 
ment of incipient paresis has resulted in clinical 
Jtmission and ability to return to work in more than 
80 per cent of patients. Large amounts of penicillin 
—15 to 20 million units— arc gener.iUy rccom 
mended, but doses as low as 0 million units have 
been found to be of value. Although the repositor>' 
t>pe of penicillin is said to be as effective as a«iue- 
ous penicillin in paresis or optic atrophy, the aque- 
ous preparation is preferred in the moderately oi 
severely aHected cases. It should be given in 
schedules similar to those recommended for optic 
atrophy. 

Fever therapy is rarely used at present in cither 
optic atrophy or paresis since recent evidence in- 
dicates that its possible additive effects arc not 
sufficient to justify the hazards associated with it. 
In selected patients with these disorders, however, 
m whom the neurosyphilitic process progresses de- 
spite aderjuate initial penicillin therapy, re-treal- 
ment with fever therapy and penicillin should be 
considered. Re-treatment with penicillin alone, how- 
over, is indicated in progressive paresis if the initial 
course of treatment consisted of less than 6 million 
units. Penicillin alone slioiild also be used to re- 
ircat patients who show elevated spinal fluid cell 
counts a year or more after the initial Uierapy or in 
'vhom there was temporary clinical improvement 
after treatment but subsequent progrcMion. 

Careful neuropsychiatric and spinal fluid obser%’a- 
flons should be made following treatment of all 
patients with neurosyphilis. These should be done 
every 4 months during the first year, twice during 
the second jear, and once a year thereafter, or until 
the .spinal fluid is completely negative and per- 
manent regression of symptoms seems app.ircnt. In 
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late ncurosyphilis the spinal fluid serologic reaction 
often remains positive for many u^ars.'despite re- 
peated courses of chemotherapy cr fevei^ this docs 
not m itself indicate progression or relapse of the 
ncurosvphilitic process. 

fferxheimer Rcaclions in Laic Sijphilis. Esacerba- 
tions of late sv-philitic lesions are not infrequentlv 
ofcser\«l following the initial administraUon of 
aisenic-ab or penicillin. Approximalclv- one-lmlf the 
patients treated for paresis become temporarilv 
worse and show increased agitation and mental 
confusion during the first 24 hr of penicillm treat- 
ment Other manifestations of Herrheimer reaction, 
such as mvehtis, convulsions, and exacerbation of 
lightning pains, have been reported. 

There fiave been \ cry few cases in which penicil- 
lin therapy has appeared to produce an acute 
exacerbation of clinical manifestations of cardio- 
vascular syphilis. Neither the use of small initial 
doses of penicillin nor preparatory treatment willi 
bismuth seems indicated in an attempt to prev'ent 
Hervheimer effects. 

Effect of PcniciUin and Other Antibiotics MTien 
Used for Other Diseases. Tlie widespread use of 
pomcilliii and antibiotics with Ireponemicidal prop- 
erties m the treatment of various other infections 
h.is created confusion in the diagnosis and manage- 
ment of syphilis. This is partiailarly true vvhen 
gonorrhea is treated. Patients with gonorrhea mav 
h.'ive acquired syphilis simultaneously. Althougii 
there IS reason to believe tliat the use of penicillin 
.niid perhaps the other antibiotics frequently abort 
the syphilitic infection completely, they may at 
times only delay' the appearance of Uie lesion's or 
prevent Aeir development. For these reasons it 
IS recommended that all penons with gonorrhea 
treated with penicillin or the other spirochelicidal 
antibiotics should have serologic tests for sy philis at 
monthly intervals for at least 4 months. Tlio ap- 
pearance of fever several hours after the adminis- 
tration of penicillin for gonorrhea is suggestive of 
a Ilcrxheimer reaction and the presence of syphilis. 

The management of patients with positive sero- 
logic tests vvho have had previous penicillin therapy 
for otlier nonrelatcd infections is .sometimes diffi- 
cult. If syphilitic infection is thought to he present, 
the decision as to further therapy should be bavevi 
upon the amount of penicillin already administered, 
the type and duration of syphilitic infection, the 
result of the spinal fiuid examination, and the titer 
of the serologic test. 

pRoriniiAxis 

Svpliilis and the other venereal diseases can lie 
preventer! In most instances by tlic proper prophy- 
lactic measures during and following sexii.ri iiitcr- 
itnirse. Profcttion from contact with infet" 
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genital lesions can be obtained to some degree by 
tbc use of a condom. The danger of infection can 
also be reduced if the genitalia are washed thor- 
oughly with soap and water immediately after ex- 
posure. Although ointments containing various 
treponcmicidal substances have been emplo}'ed for 
many years as local proplijlaclic agents, the use of 
such compounds is no longer recommcndetl. In 
small series of cases, penicillin has been shown to 
pre\ent infection in individuals who are known to 
ha\c been sexually exposed to patients with pri- 
mary or secondarj’ sjphilis. The use of penicillin 
in these cases is justified not only as on attempt to 
abort the infection in the c.xposcd individual, but 
also to preienl reinfection of the original patient 
who often maintains sexual lelations with the con- 
tact despite instructions to the contrary. 

Procaine penicillin or benratlrine penicillin G in 
doses of 1.2 milbon units should be gixen soon 
after exposure to persons w'ho have had sexual 
contact with knoxvn or suspected cases of infectious 
S)phihs. Tlic administration of penicillin os a routine 
prophylactic measure following every extramarital 
sexual exposure is neither practical nor advisable. 
Persons receix'ing prophylactic ircalmenl should be 
kept under observation, if possible, and should liave 
repeated serologic tests for at least G months. 

Tlie prophylactic treatment of nurses, physicians, 
or laboratory workers accident.ally exposed to, or 
inoculated with, infectious material will depend 
largely upon the risk of infection m the individual 
case. Another indication for prophylactic treatment 
Is In pregnant w omen who are sexually exposed to 
infectious patients A full course of penicillin treat- 
ment in those cases is indicated in an effort to 
prevent fetal infection. 


PSYCHOTHERAPY 

There is still considerable stigma and psychologic 
trauma attached to the diagnosis of syphilis, and 
proper treatment requires more than the mere ad- 
ministration of chemotherapeutic agents. Tlic phy'si- 
cian must be aware of tlie socialogic and psycho- 
logic aspects of this disease Patients often have a 
sense of shame and gnilt, and some of tlicm post- 
pone or discontinue medical care. Others develop 
serious anxiety states and return to the pl^sidan 
repeatedly for reassurance that the disease has 
been ancsted. Some individuals develop syphilo- 
phobia as a result of having beard or read of tlie 
serious effects of the disease. The physician should 
make every effort to relieve these patients of their 
anxiety by correcting mistaken ideas regarding the 
infection and by emphasizing the good prognosis 
whenever possible His attitude toward tfie patient 
should be fiee of censure 

Upon IiMnimg the diagnosis, many patients either 


condemn tlieir marital partners and threaten divorce 
or separation or else refuse to impart the informa- 
tion to their spouse. The physician should not enter 
into the moral aspects of the disease but should 
make certain tliat the marital partners of patients 
witlj infectious syphilis are examined at regular 
intervals for evidence of the disease. 
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YAWS 

Albert Hcyman 


DeGnUion. Yaws is an infectious tropical disease 
caused by the Treponernn pcriemie. It is character- 
ized by a piimaiy cutaneous lesion, which is fol- 
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lowed by a granulomalous skin eruption and, in 
some instances, by late destructive lesions of the 
skin and bones. The disease is also known as /wm- 
besia, pian^ bouba, and parangl. 

Etiology. The etiologio agent of yaws, the T. 
pertenue, is morphologically indistinguishable from 
Treponema pallidum; it further resembles the 
spirochete of syphilis, as it produces a positive re- 
action with the Wassermarm and flocculation tests 
for sj'philis, and is also susceptible to arsenicals, 
bismuUi, and penicillin. Cross immunity between 
the two diseases has been observed in botlr man 
and e.'jperimental animals. Tliere has been consid- 
erable controversy ns to whether the hvo diseases 
were at one time identical and have been modt- 
fled over the years by climate, race, and other 
factors. 

Epidemiology. Yaws is confined entirely to the 
tropics and is prevalent in the West Indies, South 
Pacific islands, equatorial Africa, and South Amer- 
ica. The disease is usually acquired before puberty 
and Is spread by direct contact with open lesions 
containing the spirochete. Transmission of the dis- 
ease occurs rarely by sexual contact Certain species 
of flies are also thought to be vectors of this in- 
fection. The disease is more common in natives with 
poor personal hygiene. 

Manifestations. Foboiving on average incubation 
period of 3 to 4 weeks, a primary lesion, the 
mother tjaio, appears at the site of inoculation. This 
is almost invariably cxtragenital and usually occurs 
on the legs. This lesion is a granuloma, which later 
ulcerates and heals with scar formation. About 0 
to 12 weeks after the appearance of the lesion, a 
generalized eruption develops, consisting of large 
papules or granulomas on the face, neck, extremi- 
ties, and buttocks. Tiicse lesions often occur about 
the mucocutaneous junctions, such a.s the mouth, 
nose, and rectum, and resemble condylomas of sec- 
ondary sjphilis. Tiiey heal slonly, but relapses may 
occur months or years after the onset of the mllwl 
yaw. The lesions of yaws often appear on tlie soles 
of the feet and produce painful ulcerations, so- 
callcd “crab yaws.” 

After several years, late destructive lesions may 
appear in the skin and bones. Periostitis and osteitis 
are found in the bones of the hands, aims, and 
legs, producing characteristic dactylitis and “saber 
shins.” Destructii’e lesions appear about the nose 
and result in severe ulcerative areas {gongosa). 
Proliferative exostoses develop in the nasal portion 
of the maxillary bones; this is knoxvn as goundou. 
Juxtaarticular nodules arc also seen in the late stage 
of the disease. Involvement of the aorta and the 
central nervous system has been reported, but 
tliesc complications ore rare. 

Diagnosis. The diagnosis of yaws can often be 
made on the appearance of the generalized skin 
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eruption alone, but T. pcrleniic is easily demon- 
strated in the lesions. The Wassermann and floc- 
culation tests for s}'philis are usually positive. The 
lesions of yaws may be confused with those of 
leishmaniasis, leprosy, and tuberculosis, It is often 
impossible to differ«itiate between late lesions of 
yaws and late gummatous svphilis. 

Treatment. Penicillin is tlie drug of choice in the 
treatment of yaws and produces prompt disappear- 
ance of the treponemes on dark-field c.xaminatiOn 
and rapid healing of the lesions. The recommended 
dosage is a single injection of 1.2 million units of 
procaine penicillin in adults noth early active lesions 
and proportionally less in children and latent cases 
Tlie tetracj'clincs are thought to be less effective 
in the management of this condition. The World 
Health Organization has conducted largo-scale cam- 
paigns to eradicate the disease in endemic areas, 
and some 40 mfllion persons have been, treated 
under their auspices. In hlgh-prev-alence areas, 
treatment has been given to the total population, 
with dramatic reduction in the incidence of new 
cases. As a result of these control measures and 
improxement in living standards of the native pop- 
ulations, yaws is rapidly receding in the equatorial 
portions of the world. 
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riNTA 

Albert Ueytnan 


Definition. Pinta is an infectious disease of the 
skin caused by Treponema caratcum. It is charac- 
terized by on initial papular lesion of the skin, fol- 
lowed by depigmented areas on the extremities and 
hyperkeratosis on the soles and p.ilms. The dise.Tse 
is also known as mal del pinto, azul, and carate. 
Pinta is found almost entirely in the Western Hemi- 
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sphere and is especiaUy prevalent in Mexico and 
Colombia. 

Etiology. Treponema caratetm, the etiologic 
agent of pinta, is morphologically indistinguishable 
from Treponema pallidum. The exact relationship 
of this disease to other treponematoses (syphilis, 
yaws, and bejel) has not been definitely deter* 
mined, and there are many similarities in the clin- 
ical manifestations of these infections. Pinta is 
usually transmitted from person to person by direct 
contact. It may also be spread by an insect vector. 

Manifestations. Tlie primary lesion of pinta 
appears after an incubation period of 7 to 20 days 
as a nonulcerative papule at the site of infection. 
This is followed 5 to 18 months later by a secondary 
eruption characterized by flat erythematous and 
hj’perpigmented lesions, called pintids. Late lesions 
deiWop alter several ^ears and appear as ♦ftd/goAJ, 
slate blue, or variously colored patclies of the skin. 
The hands, wrists, knees, and ankles are commonly 
involved, and h)perkeratoses of the palms and soles 
are also seen. Aortitis and spinal fluid abnormalities 
similar to those found in neurosyphilis have been 
observed in some pinta patients. The Wassermann 
reaction of the blood and flocculation tests for 
syphilis are usually positive in the late stages of the 
disease. 

Treatment. A single injecb'on of 1.2 million units 
of procaine penicillin or benzathine penicillin C 
produces rapid disappearance of the T. carateum 
from the lesions of pinta and a decline m serologic 
titer. It is the treatment of choice in this disease 
and is more effective than chloramphenicol or the 
tetracyclines. 
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rnrdy transmitted by sexual contact and is usually 
acquired by adults through close contact with an 
infected child as by kissing and fondling. 

Treponemes are readily found on dark-field ex- 
amination of the lesions of the skin and mucous 
membranes. The disease is thought by Hudson to 
be an example of nonvencreal syphOis, the causative 
organism and the clinical manifestations having 
been modified for many generations by special 
<q)idcmiologic and climatic factors. Bejel resembles 
in many respects the cases of endemic syphilis 
which appeared for many years in certain areas of 
South Africa and Yugoslavia. 

Manifestations, The illness begins xvith ulcera- 
tions in the mouth and lips, but tiiere may also be 
a diffuse papular eruption with moist lesions on 
the mucocutaneous surfaces and skin folds. The 
late lesions resemble gummatous syphilis and are 
manifested as ulcerations in the sUn and mucous 
membranes. Osteitis and periostitis of the long 
bones and skull may develop. The nasal bones, 
palate and pharjTtx, particularly, may be involved 
in a destructive process. The heart and nervous sys- 
tem are rarely, if ever, affected. The illness also 
differs from venereal syphilis in that it is apparently 
not spread to the child in utero from an infected 
mother. The diagnosis can be made by dark-field 
examination of the lesions or by the usual serologic 
tests for syphilis (see p. 1076). 

Treatment. A single injection of 1.2 miUion units 
of procaine penicillin seems to be effective. In 
patients with late osseous or ulcerative lesions, ad- 
ditional penicilLn may be required. 
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Albert Ileyman 


Definition and Etiology. Bejel is a chronic Infeo- 
tious disease caused by a spirochete indistinguish- 
able from Treponema pallidum. It is found chiefly 
among the children of Arab tribes in the Eastern 
Mediterranean area, being particularly prcv.i!enl in 
some sections of Iraq, SjTia, and Jordan. The illness 
IS first manifested by ulcerations of the mucous 
membranes in the moutli and is thought to be 
cad by the use of common drinking utensils. It is 
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LEPTOSPIROSIS 
Fred R. MeCnimb, Jr., and 
T. E. Woodward 


Etiology. Lcptospiral infections are caused by a 
huge group of antigenically distinct microorganisms 
compnsing the genus Leptospira The organisms ex- 
hibit a fine spiral configuration about nn axial fila- 
ment and x'ary in length from 4 to 20 n. Leptospiras 
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pathogenic for man are indistinguishaWe mor- 
phologically and are separable only by antigenic 
structure. They are actively motile and may edibit 
hooklike bending of one or both ends. The genus 
Leptospira is made up of at least 20 scrogroups, 
each comprised of several specific serotypes. Of Uie 
12 serotypes presently knowm to occur in the United 
States, 8 have been associated with leptospiral 
infection of man. 

Epidemiology. Leptospirosis is primarily a dis- 
ease of lower animals. Natural infection of rats, 
mice, voles, opossums, cattle, swine, and dogs leads 
to the development of a renal carrier state and 
shedding of leptospiras in the urine of these hosts. 
Man may become infected whenever his occupa- 
tional or pastime activities bring him into an area 
inhabited by animal carriers. Infected rats and 
mice usually exhibit no evidence of disease, and 
adult pigs may experience only an increased in- 
cidence of abortion. On the other hand, well-defined 
clinical illness, sometimes fatal, occurs in dogs and 
cattle. Predilection of specific leptospiras for cer- 
tain lower animals limits the number of serotypes 
encountered in some regions. Transmission of lepto- 
spiras to man usually is accomplished through the 
medium of water contaminated by the urine of 
these animals, although direct contact with infected 
tissues is important in veterinarians and slaughter- 
house tvorkers. The disease is most frequently ob- 
served in veterinarians, farmers, swineherds, cane 
cutters, rice-field workers, abattoir workers, miners. 
Sewer workers, and military personnel. Age and sex 
distribution of leptospiral infection Is determined 
by the age and sex of persons engaged in these ac- 
tivities. Thus, the preponderance of men in groups 
affected with leptospirosis merely reflects the pre- 
dominance of men among those at risk. 

By 1956, less than 500 cases of leptospiral infec- 
tion of man had been reported in the United Stales. 
Of the 12 serotypes associated with infections in 
lower animals, L. icierohemorrhagiae, L. canicola, 
L. pomona, L. auttimnalis, L. grippoUjphosa. L. 
batotiae, L. aiistrohs A, and L. holium have been 
recognized as causes of human disease in this 
country. The first three of these serot)pes are most 
frequently associated with infection of man. 

Pathogenesis. Leptospiras gain access to the 
human body by way of the skin and mucous mem- 
branes. Cutaneous transmission of leptospiras must 
occur more commonly since skin is exposed fre- 
quently to tlie media through which this disease is 
acquired. The role of cutaneous breaks in transmis- 
sion is clear from the increased inddence of lepto- 
spirosis in workers whose occupation results in 
trauma to skin of the hands and lower extremities. 
Accidental contamination of the buccal mucous 
membranes or conjunctiras has been follmvcd by 
leptospiral infections in laboratorj’ workers, and 
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outbreaks of this disease have been related to the 
consumption of contaminated food or water. Trans- 
mission from man to man is rare; this may be ex- 
plained by the failure of leptospiras to survive in 
acid urine. 

Infection in man is regularly associated with 
entry of leptospiras into the blood and dissemination 
to various organ systems. Adequate histopathologic 
studies have been limited to fatal cases wherein 
tissue changes were of an extreme nature. Renal 
changes consist of cloudy swelling of tubular 
epithelium and focal areas of interstitial nepluitis 
composed principally of lymphocytes and plasma 
cells. Dissociation of hepatic cords and cloudy 
swelling of parenchymal and Kupffer cells are fre- 
quent in patients dying of leptospirosis. Obstruc- 
tion of bile capillaries may be observed but is not 
a consistent finding. Hepatic dysfunction can be 
much more severe than histopathologic abnormali- 
ties would suggest. The mechanism of hemorrhagic 
manifestations of leptospirosis is not clearly under- 
stood. Inflammatory lesions are observed in skeletal 
muscle as well as my'ocardium. Perivascular inflam- 
mation is present in the brain and meninges of 
patients exhibiting signs of central nervuus system 
involvement during life. Leptospiras are demon- 
strated inregulaily in renal and hepatic tissues bv 
silver impregnation staining, but this procedure is 
not a suitable substitute for cultural methods. 

Clinical Manifestations. Leptospirosis Nvas first 
recognized and described as a distinct clinical entity 
in 2883 by Landouzy. Three years later, Weil 
observed several patients with fever, jaundice, and 
hemoirhages associated with hepatic and renal 
faflure. This form of leptospirosis, since known as 
WeiVs disease, is characterized by unusual severity 
and mortality. One of the causative organisms of 
this disease was discovered by Inada in 1915, and 
2 years later, Noguchi proposed the generic name 
L^fospira. Most leptospiral serotypes produce self- 
limiting disease of varying severity rarely lasting 
more than 7 days. The vast maj’ority of infections 
are benign and do not conform to Weil’s description 
of severe leptospirosis. 

Leptospiral infections in man are cliaracterized 
by the abrupt onset of high fever, prostration, head- 
ache, nausea and vomiting, conjunctival infection, 
and myalgia after an incubation period of 3 to 10 
days, usually 7 to 13 days. The febrile phase of Uie 
illness usually ends after 1 weel^ and in milder 
infections, other evidence of disease subsides with 
defervescence. Mild relapses lasting 2 to 3 days are 
not uncommon. Althou^ the term ^V'ei^s disease 
is used to describe severe leptospiral illnesses caused 
by L. ictCTohcmoTThagiac, it should be noted that 
milder infections with this organism are not r.»rc 
and that other leptospiral serotypes can produce 
severe and even fatal forms of the disease. Tlie 
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frequency with which icterus and renal decotn- 
pensation occur varies with the geographic area, as 
certain serotj'pes commonly associated with severe 
infections are more prevalent in some countries than 
in others. 

Headache is present in nearly all patients with 
leptospirosis, and about 50 per cent complain of 
ses'ere retrobulbar pain. Conjunclltiol infection is 
noted in 83 per cent of patients, and it is marhed in 
the se>'erely ill. Rash appears between the fourth 
and eighth day of disease in about 25 per cent of 
patients, and there is a tendency for it to become 
liemorrhagic in those with a serious infection. TTie 
ervption usually consist of s/naJJ macules or macu- 
lopapules distributed over the trunk and extremi- 
ties. Gastrointestinal disturbances consisting of 
anorexia, nausea, vomiting, and abdominal pain 
occur in nearly all patients with leptospirosis, and 
protracted vomiting and headache frequently con- 
stitute the most distressing features of the illness. 
Cough is a common complaint and is productive of 
blood-streaked sputum in about 25 per cent of 
those with this symptom. Roentgen examination of 
the chest may reveal pneumonitis, a feature of the 
disease wliich has not received much attention. 

Severe hcmorrhagle manifestations of leptospiro- 
sis are uncommon except in profoundly ill patients; 
however, some evidence of bleeding is observed in 
30 to SO per cent of all patients. Hematemesis and 
hemoptysis are the most common hemorrhagic 
manifestations, followed in frequency by confunc- 
tival hemorrhage, epistaxis, petechlae, end mclena. 
There may be moderate lymphadenopathy, but 
splenomegaly is rare. 

Nuchal rigidity occurs in 30 to 40 per cent of 
patients. In some instances, the clinical picture is 
that of aseptic meningitis and may be indistinguish- 
able from the same syndrome caused bj' mumps, 
lympbocjlic choriomeningitis, and certain entero- 
virus infections (see p. 1136) . ^Vhen other evidence 
of leptospirosis is inconspicuous or absent in patients 
%vith aseptic meningitis, some time may ckipsc 
before the true etiology is suspected. Iridocychlis 
manifested by photophobia and circumcomeal in- 
jection occurs in less than 5 per cent of patients with 
leptospirosis. 

Tlie incidence of clinically overt jaundice varies 
considerably, depending upon the infecting scro- 
encountered. Icterus is found in 75 per cent 
of patients infected xvitli L. iclrroUemorrhagiac 
but only in 5 to 10 per cent of persons infected with 
$crot)pes such as L. grippotijphosa, L. canicola, and 
L. pomona. Jaundice usually appears toward tlie 
end of the first week of illness as the fever is sub- 
siding Those with marked liver involvement show 

vidcncc of progressne hepatic dysfunclion, and 

scovery may not be evident for 2 or 3 weeks. 


Hepatomegaly and liver tenderness are common 
finings in patients with j'aundice. 

Severe leptospiral infections are also character- 
ized by renal decompensation manifested by oli- 
guria, proteinuria, and azotemia. Fatal leptospirosis 
is almost always ascaibable to renal failure, although 
hepatic insufficiency complicates the illness and 
massive hemorrhage may cause death. Morlahtv 
ranges from less than 1 per cent to as high as 10 
per cent in different regions, depending upon the 
incidence of severe forms of the disease. 

Laboratory Findings. Although normal peripheral 
blood leuko^’te counts are the rule in uncompli- 
cated leptospirosis, neutrophilic leukocytosis of 
12,000 to 15,000 cells per cu mm may be ob- 
served in severely ill patients and counts of 25,000 
to 40,000 cells per cu mm occur in Weil’s disease. 
Uiinary abnormalities are noted in about 80 per 
cent of patients with leptospirosis; proteinuna, 
cylindniria, pyuria, and hematuria are frequent and 
constitute important diagnostic clues. Return to nor- 
mal renal function usually is rajvid, and there is no 
ev'idence that pennanent renal damage results from 
leptospiral infections. 

Hyperbilirubinemia, abnormal flocculation tests, 
reversal of albumfn/globulm ratio, and increase in 
alkaline phosphatase can be demonstrated in over 
50 per cent of patients without clinical evidence of 
liver disease. Recovery of normal liver function is 
rapid as the clinical manifestations of the illness 
subside. 

Leptospirosis has been shown to be the cause of 
approximately 4 per cent of all cases of aseptic 
meningitis in several well-studied series However, 
the frequency with which the central nervous sy’s- 
tem is involved in leptospirosis is not knowm. Pleo- 
cytosis of a mild variety (40 to 500 cells) com- 
posed chiefly of mononuclear cells characterizes 
leptospiral aseptic roeningibs. Modest elev.afion of 
cerebrospinal fluid protein is usual, but glucose and 
chloride concentrations remain norm.nI. The cerebro- 
spinal fluid quickly reverts to normal during early 
convalescence. 

Leptospiras can be isolated from the blood of 
most patients during the acute phase of illness 
Many leptospiral serotypes do not produce overt 
disease in guinea pigs and hamsters, and isolation 
of these organisms ultimately requires the use of 
cultural tccliniques. For this reason, the use of 
laboratory animals to diagnose leptospirosis should 
be limit^ to situations where tlie only material 
available for isolation of the causative organism is 
contaminated. The simplest of artificial media for 
the culturing of leptospiras is prepared by mixing a 
small amount of peptone with distilled water and 
adding sterile inactivated rabbit scrum in a final 
coRcrnitration of 7 to 10 per cent. This medium is 
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dispensed in lO-ml amounts into screw-capped 
tubes or rubber-stoppered bottles and may be stored 
in a refrigerator for several months. It is imperati\e 
to use small inoculums when attempting to recover 
Icptospiras to avoid inhibition of these organisms by 
excessive quantities of blood. When single drops of 
whole venous blood are inoculated into cadi of 
five tubes at the bedside, positive results may be 
e-xpecled in 73 to 90 per cent of cultural attempts 
made during the first 3 da\s of illness. As the dis- 
ease progresses, the intensit)' and regiilanly of 
leptospiremia decrease. Because of the intermittent 
nature of leptospiruria and the adverse effect of 
low pH and bacterial contamination, culture of 
urine is not recommended. Leptospiras have been 
recovered from cerebrospinal fluid. 

Incubation of cultures is carried out at 32^0, and 
in order to avoid the risk of contamination of the 
medium, dark-field examination of the cultures is 
performed at weekly intervals, beginning 10 days 
after inoculation. 

Several serologic tests are employed in the diag- 
nosis of tliis disease. The classical agglutinofion-fysis 
test is cumbersome because of its type specificity 
and the need to employ numerous antigens and 
should be confined to reference centers and research 
laboratories. Tests employing broadly reactive anti- 
gens svith generic specificity permitting the recogni- 
tion of antibody against any kptospiral serotype 
should be employed by diagnostic laboratories. Two 
such antigens are available currently. A bivalent 
antigen prepared by sonic vibration of L. ictero- 
hcmorrhaglae, L. grippoUjphosa, and L. htjos lias 
been found adequate in complement fixation tests. 
The best test employs antigen prepared from L. 
biflexa and adsorbed onto sheep erjihrocytes. 
Hemolysis is observed in the presence of Icptospiral 
antibody and complement. Antibody tilers of 
1:1,000 to 1:40,000 are frequently obscrvc<I in the 
serum of patients convalescing from leplospiiosis 
caused by any seiotype. At the present time, the 
hemol)-sis test is tlie routine scrodiagnostic proce- 
dure of choice. 

Diagnosis. Leptospirosis should be considered a 
possible cause of any febrile disease characterized 
by headache, gastrointestinal disorder, conjunctival 
injection, and myalgia. The presence of urinary ab- 
normalities and a history of contact vviUi natural 
bodies of water frequented by rodents or domestic 
animals should arouse further suspicion. The diag- 
nosis should not be reserved for patients with 
j.uin(Iicc, as a majorit)’ of Icptospiral infections arc 
not associated vvitli clinically overt Icterus. Lepto* 
spirosis should be considered in the differential 
di.ngnosis of all cases of aseptic meningitis (p. 
1130). Other .acute febrile illnesses with which lep- 
tospirosis may be confused include influenza (p. 
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1123), ritkettsioses (p. 1090), enteric fevers (p. 
123), brutelloMS (p. 9.39), and dengue (p. 1188). 
Late manifestations of Weil's disease may resemble 
infectious hepatitis, I]emol)tic and obstructive jaun- 
dice, and acute glomerulonephritis. 

Treatment. Evaluation of antibiotics in human 
leptospirosis is complicated by the relatively short 
course of tlie acute infection and the lack of suit- 
ably controlled studies to dale. Penicillin, strepto- 
mycin, and tlie tetracyclines inhibit the growtli of 
Icptospiras in vitro and will control experiment.il 
infections in hamsters and guinea pigs. Streptonn - 
cin and tetracyclines eliminate Icptospiras from the 
kidneys of canine carriers of L. canicola. 

There are differences of opinion regarding the 
usefulness of penicillin and tetracyclines in the 
treatment of human leptospirosis. All observers 
agree that chloramphenicol does not favorably al- 
ter the course of this disease. The use of tetracy- 
clines, penicillin, sbeptomycin, and chlorampheni- 
col in one controlled study failed to reve.il a short- 
ening of the febrile course or a reduction in the 
incidence of complications as a result of antibiotic 
therapy. Other evidence supports the concept that 
penicillin affects a reduction In the duration of 
fever and complications. At the present time, the 
use of 4 to 6 million units of penicillin daily dur- 
ing the febrile phase of the illness is probably in- 
dicated. 

Most Icptospiral infections are not severe and 
subside without complications even In the untreated 
patient. As the renal dysfunction of leptospirosis 
is reversible, management of the acute phase of 
renal decompensation should make use of all avail- 
able therapeutic aids (see p. 1496). Barely, hemoi- 
rhage may result in enough blood loss that replace- 
ment is necessary. 
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RELAPSING FEVER 
Ivan L. Bennett, Jr. 

DeGnition. Relapsing fever is an acute infection^ 
disease caused \»y spirochetes ^lelong'ing to the 
nus BoneUa. Tlie outstanding clinical eharacterislfc 
is a relapsing type of fever. 

Etiology. Memben of the genus Bonella arc 
slender, flexible splroclietes, 10 to 20 /i in length 
which move with a corkscrewhke action. Bonclir^ 
species arc pathogenic for many rodents, including 
rats, mice, and squirrels. They can be cultured |n 
media enriched with serum or blood. Tlic strain 
encountered most commonly in North America is 
Borrella rccurrcntU. In otlier areas B. novyi and 
JJ. tlu// 0 rtii arc of clinical importance. 

Epidemiology and Pathogenesis. Relapsing fever 
occurs In many parts of the world, including Asia. 
Africa, Europe, and South and North America- 
W'ild rodents appear to be tlie natural reserx-oirs 
of the infection. The disease is transmitted to man 
by insect vectors. In some parts of the world hu- 
man beings arc infected by the bite of ticks (Omi- 
thodorl), while in other localities, os in Asia, the 
principal vector is the body louse. Disease in maA 
can follow the crushing of a louse on the skin. eS* 
pccially when the area is scratched. Fleas and bed- 
bugs have been suspected of transmitting relapsing 
fever. It is likely that an animal reservoir is not 
always necessary for perpetuation and that infec- 
tion is transmitted from man to vector to man. In 
the United States, relapsing fever has been recog- 
nized predominantly in the West and in Texas; lA 
these areas, ticks arc the vectors and wild rodents 
are reservoirs. 

After inoculation into man by contact with the 
excreta or by the bite of an arthropod, borrclias 
are apparently disseminated by way of the blood 
stream and Ij-mphalics. The large number of spiro- 
chetes present in the blood of an infected porsoA 
suggests that these organisms are capable of grow- 
ing m the blood itself. They have been demon* 
.strated in the cerebrospinal fluid during the acntA 
I stage of relapsing fever, and autopsy discloses theiA 
fa the brain, spleen, kidneys, and Aver. 


Manifestations. It is usually difficult to determine 
an incubation period in individual cases, but epi- 
demiologic evidence suggests that 5 to II days is 
the usual time. Symptoms develop abruptly, with 
chilliness, fever, headache, muscle acliing, and non- 
productive cough. Nausea and somiting are fre- 
quent. Some patients complain of paresthesias of 
the face and tongue. The patient appears acutely 
iff, with flushed face and injected conjunctival and 
-pharyngeal -mucous membranes. At the height of 
the fever there may be dizziness, mental cloudiness, 
or delirium Signs of extracellular fluid deficit — dry. 
Inelastic skin and svrinklcd tongue — are often pres- 
ent Tenderness of the calf muscles Is a character- 
istic physical finding. Jaundice occurs in a small 
proportion of cases, usually after sex oral days of 
fever. A transitory erj'thematous rash may be ob- 
•ssnvti, ifcuirt fne nedic and ^nouiders. 

In severe cases there may be pctechiac. Lnlarge- 
meat of the spleen is observed in about half of all 
cases. The pattern of the temperature curve is 
somewhat variable. Usually there is an elevation 
to 103 to I05®P. The fever may be sustained or 
remittent 

Course of Disease. The Initial fever persists for 
4 to 15 days and subsides spontaneously. At the 
termination of fever there is usually profuse sweat- 
ing, and the temperature may fall to 96 or 07®F, 
gradually returning to normal during the succeed- 
ing day or two. A relapse is to be txpccted several 
days later, with a repetition of the same senes of 
events. It is usual for untreated patients to have 
three to five attacks of fever, after which tlie disease 
ceases spontaneously. Additional relapses may oc- 
cur, but the usual end result is complete cure of 
the infection. Death from relapsing fever is usu- 
ally a result of hj-perpyrexia, m.issive bleeding, cir- 
culator}- failure, splenic rupture, or some secondary 
infection. Nose bleed and gastrointestinal bleeding 
occur in severe cases. Pnciimoni.! m-iy be obsened 
at the time of de.iih. Orchitis and iridoc}cbtis are 
rare corapheations. In the Orient, salmonella bac- 
teremia occurs with great frequency in patients with 
relapsing fever. 

ijiborotory Findings. The leukocyte count is usu- 
ally between 10,000 and 15,000 cells per cu mm 
The spina! fluid may show increased protein and 
- o mononudear pleocytosis. 

A specific diagnosis nearly always can be made 
during fcbnlc periods, and occasionally during rc- 
muslons, by the finding of borrelias in smears of 
the peripheral blood stained with Ciemsa or 
Wright's stain. If the organisms cannot be found 
by Uus method, mice should be inoculated intra- 
pcritoncaHy with the patient’s blood. Borrelias will 
be present in tlie blood of tlicse anim-ils from 16 
.hr to 3 daj-s later, If the patient is suffering from 
zebpsing fever. 
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Because of llie ease \vith which a specific diag- 
nosis can be made from the blood smear, serologic 
diagnostic tests are not needed. It is worth noting, 
however, that false positive serologic tests for syph- 
ilis arc obtained in about 10 per cent of patients 
with relapsing fever and that nearly all patients 
develop agglutinins for Proteus OX-K. 

Differential Diagnosis. Relapsing fev’cr roust be 
differentiated from other acute infectious diseases, 
particularly those which may be associated with a 
relapsing type of fever, sucli as malaria, meningo- 
coccemia, and rat-bite fever. At the onset of the 
disease the picture simulates that of Weil’s disease. 
Under conditions of poverty and famine, the prob- 
lem of diagnosis may be increased by concurrent 
epidemics of typhus, malaria, and tuberculosis. 

Treatment. Excellent results have been reported 
in small series of cases treated with 800,000 units 
or more of penicillin daily. Tetracyclines are per- 
haps even more effective and appear now to be the 
agents of choice. Dosage recommended is 2 Cm 
daily for 7 to 10 days. 

Therapy vvalli arsenical preparations such as 
Mapharsen (arsenoxide) is regarded as highly ef- 
fective in relapsing fever observed in some parts of 
the world. It is recommended that two injections 
of this drug be given intravenously, 3 to 5 days 
apart, the dose being 0.04 Cm for adults. Arsenica] 
therapy is likely to cause a Herxheimer-hke reac- 
tion 4 to 12 hr after the injection, evidenced by 
rise in temperature, malaise, and intensification of 
symptoms. This reaction can cause death of the 
patient when superimposed at the height of a se- 
vere febrile attack. Consequently, it is usually rec- 
ommended that specific therapy be withheld In 
sev’erely ill patients until a natural crisis occurs. 
The patient should be given supportive therapy 
meanwhile, in the form of parenteral fluids and 
electrolytes. Mapharsen is then administered at the 
onset of the next febnle period, or a day or two 
before it is expected. Further treatment is indicated 
in the event of a relapse. 

Prognosis. Relapsing fever is not in itself a highly 
fatal infectious disease. However, because it occurs 
frequently under conditions of fanune and extreme 
poverty and therefore may be associated with other 
mfections and malnutrition, a significant fatality 
rate is usually ascribed to it. Reported fatality rates 
have varied from 2 to 50 per cent; they would 
probably be less than 2 per cent among otherwise 
healthy persons given proper treatment. 
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RAT-BITE FEVER 
{Spirillum minus Infection) 

Ivan L. Bennett, Jr. 

Definition. Rat-bite fever (sodoku) is an acute 
infectious disease caused by SptnJlum minus and 
characterized by relapsing fever, ardiritis, and a 
skin eruption. 

Etiology. The causative organism is a spirillum 
2 to 5 /4 in length; it has two to five broad spirals, 
and is propelled by- flageUa. The organism is easily 
identified in dark-field preparations by its quick, 
darting motility. It is found occasionally in the 
blood of apparently healthy rats, mice, and guinea 
pigs. 

Epidemiology. In man, infection by S. minus is 
almost always acquired through the bite of a rat 
It is commonest in infants and y'oung children but 
may also occur in adults. Rats may attack sleeping 
persons and will bite any-one attempting to catch 
or handle them. Documented examples of infection 
from the bile of a mouse are known. 

Manifestations. The incubation period vanes 
from 1 to 6 weeks. lYith the onset of symptoms, 
the site of the original bite usually becomes swollen, 
tender, and purplish and regional lymphadenitis 
appears. A chill may occur at the onset of a febnle 
period. Bouts of fever last 2 to 4 days and are 
separated by afebrile periods, also lasting 2 to 4 
days. During febnle episodes there are malaise, 
lieadache, sweating, photophobia, nausea, and vom- 
iting. In about 50 per cent of cases there is arlhrith, 
with redness and swelling of one or more large 
joints. In a similar proportion of cases a skin erup- 
tion occurs, usually on the extremities. Tlie rash is 
firequenlly asymmetric in its distribution and most 
commonly amsists of reddish or purplish plaques, 
which may become large and confluent. The dis- 
ease tends to run a prolonged course, usually 4 to 
8 weeks, but cases have been reported in which 
clinical manifestations continued for more than a 
year. Subacute bacterial endocarditis due to this 
organism has been observed. 

Laboratory Findings. The total leukocyte count 
may be normal, or there may be a moderate leuko- 
cytosis. In prolonged cases there is a normochromic 
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anemia. Biologic false positive serologic tests for 
sj’philis are frequent. The S. fliiniM seldom can be 
found in tlie blood or tissues of patients by direct 
examination. Mice or guinea pigs should be inocu- 
lated intraperitoneally with the patient’s blood. 
Spirillum minus can usually be found in the blood 
of the animal by dark-field examination 1 to 3 weeks 
later. Laboratory animals may be naturally infected 
witli S. minus, and precautions must be taken to 
ensure that the animals are free of infection before 
inoculation. 

There are reports of isolation of this spirillum 
from the blood by culture, using routine bacterio- 
logic blood culture technique. 

DiiFercntial Diagnosis. It is important to inquire 
about rat bite in all patients wth a relapsing type 
of fever. In patients with a history of rat bite, the 
principal problem is in differentiating between S. 
miriMS infection and Streptobaclllus moniliformis. 
This cannot be done with certainty on clinical 
grounds, but a prolonged incubation period and 
few or no manifestations of arthritis suggest a di- 
agnosis of S. minuj infection. Laboratory tests 
should be made for both organisms. The signifi- 
cance of a previous rat bite may not be appreciated 
In cases with a long Incubab'ou period, and the dis- 
ease may be confused %vith otlier infections cliarac- 
terized by relapsing fever, such as malaria, menin- 
gococccmia, and Dorrelia recurrentis infection. 

Treatment. This infection usually responds 
promptly to treatment with arsenical preparations 


such as orsenoxidc (Mapharsen) or neoarsphciia- 
nune Doses appropnale to the patients age and 
size and equivalent to those used in the treatmemt 
of ^'philis are satisfactory. The usual practice is to 
give tvsx) or three injections at 3- or 4-day intervals. 
Penicillin, streptomycin, and the tetracyclines have 
been effective in tlic few cases in which there has 
been opportunity to use them. 

Prosnosis. In tlie absence of serious complicating 
illnesses, rat-bite fever caused by S. minus is nev’er 
fatal 
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Section 12: The Rickettsioses 


I GENERAL CONSIDER A- 

1 / U tions and pathology 

Theodore E. Woodward and 
J. E. Smadel 

The rickettsial diseases of man consist of a variety 
of clinical entities caused by microorganisms of tlie 
family Rickettsiaceae. The rickettsias are obligate 
intracellular parasites about the size of bacteria and 
are usually seen microscopically as pleomorphic 
coccobacdlaiy organisms. Each of the rickettsias 
pathogenic for man is capable of multiplying in one 
or more species of arthropod as well as in animals 
and man Indeed, the majority of the rickettsias are 
maintained in nature by a cycle which involves an 
insect vector and an animal reservoir, and infection 
yf man is unimportant in the cycle. Q fever is a 
^partial exception to this generalizabon, since man 


usually contracts the infection via the respiiatoty 
route by inhaling rickettsias as an aerosol derived 
from infected animal or tick excretions; howeveri 
this rickettsiosis is also maintained in nature in ticks 
and their animal hosts. Epidemic typhus presents 
a number of points of dissimilarity to most of the 
other nckettsioses, since the natural cycle of infei> 
Hon invulves only man and the louse. Moreover, the 
agent of epidemic typhus, unlike the other rickett* 
sias, has not established a well-organized parasitic 
Telationship which ensures its perpetuation eith^ 
in its mammalian host and reserx’oir (man) or in its 
arthropod host (louse). Man frequently dies froiu 
epidemic typhus, and only rarely do recovered pa- 
tients serve as a suitable reservoir (ie, suffer a 
lecuiTcnco in later years, resulting in what is known 
as Brills disease) and infect their body lice. Fui’* 
thermore, the louse is relatively poorly adapted to 
perpetuation of the rickettsias w'lu'ch induce a fatal 
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TaUe t70~t. mcKETTatAL oueases 
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1 Serologic diagooeia 
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OX-IB 

OX.2 

Pobitne 
group- 
and type- 


AtricAn tick 
fever 

It, roR«n> 

MeditrrrsneaD i 
And .Africa | 





i 

lUckrlUiAlpoX 

R. okori 1 

North AiBcrics 1 
Europe 

niood- 

Ilouae rnouae 
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! 
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CpidrmiQ 
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OX-IS 
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DcgaLive 
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uiid 

ndtea 

SmaU rodcata 

' Mite bite 
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0-X-K 

Poiltiteiu 
50% el 
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World-wide 

HcU 
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tbeep, yoBU 
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infected 
nintcrlal 
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PoeiUVB 

TRftth {«TCT 

{!. 4«t«lana ^ 

Nortb AmttieA 
Europe 

Afric* 

Body 

Maa 

Infected Iona* 
fKet into 
broken akin 

Ntgallve 

None nvad- 
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disease in this arthropod. In contrast, most richctt* 
%\-xi cause m\y a disease in theu mammalian 
hosts and do not aiTcct their arthropod host ad- 
versely; indeed, a number are transmitted transo- 
varially in insects from one generation to another. 

The richcttsial infections of man encountered in 
the United States are, in order of their frequency, 
Rocky Mountain spotted fever, murine typhus, rick- 
ettsialpox, Q fever, and Brill's disease (recurrent 
epidemic typhus). These diseases will receive par- 
ticular emphasis; however, students and practition- 
ers of medicine in this generation must be familiar 
with infections which they may encounter in other 
parts of the world or which might reappear in the 
United States; therefore, some space will be de- 
leted to epidemic typhus, scrub typhus, and cer- 
tain of the foreign diseases of the spotted fever 
group. 

A compendium of information on the rickettsial 
diseases is presented in Table 170-1. Since each of 
the rickettsioses encountered in America responds 
therapeutically to the broad-spectrum antibiotics, 
the table contains no mention of therapy. Proce- 
dures for diagnostic isolation of the lickettsias are 


omitted from the table because they generally are 
less useful than setologvc methods, and the tech- 
niques wliich tlicy require are highly specialized 
and hazardous for laboratory personnel Informa- 
tion on isolation procedures may be found in text- 
books devoted to viral and rickettsial diseases. 

History of the Riclcettsial Diseases. Of all the 
ofllictions of mankind the rickettsial diseases, par- 
ticularly epidemic typhus, rank among the foremost 
as a cause of human suffering and death. Classical 
typhus (ever undoubtedly existed during ancient 
times, alUiough Zinsser cites an outbreak of illness 
in 1083 in a monastery near Salerno, Italy, as the 
first probable recorded incidence of this disease. 
Typhus fever, llirough its able transmitter the body 
louse, has always identified itself intimately with 
ivars, famines, and human catastrophes of all kinds 
Alone it has cast a decisi\-e vote in the outcome 
of many military campaigns. 

The record of deaths from epidemic typhus in 
this century in the Balkan countries and in Poland 
and Russia reaches astounding figures. Serbia in 
1915 suffered an epidemic of major proportions 
with 150,000 dead, and a mortality rate ranging 
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friim 20 to 60 per cent. rnvaget! n«mtj onti 

eastern Pol.via fnmi 1015 lo 1022, Infi'ctlng 30 
million of tin* Inliahltantf on<l causing Jcalhs esti- 
mated at 3 million. 

Tlie past two decades lia\c 5«‘cn tlie de\ek»pmcnt 
of ntna/ingly salisf.icton' melliotls for the panen- 
tion and tre.-itinent of tlip ritli'tlsioses t»f man. In 
fact, these nuMsnn-s have Ikto so soccesiful that 
the rickettsinses lunse Iw-come of minor lm|>ortanci* 
in tlie United St.)tcs and in a iniinlK’r of otfn r rotin- 
tries. Although confjuefctl. the ricleltsiovri have 
not Ircen climiimled, and they could again becsime 
rampant if the will to control them, the present 
high slandartls of s.initatitm. and the nt'cessar)" in- 
dustrial isip-icilies for pnxluction of cllrclive Insec- 
ticides and therapeutic agents should l»c ilecn-aiesl 
through vv.ir or disaster. It Is worthwhile to review 
the cl.issicnl milestones representing the ihrrlral and 
scientific contrilmtinns wlilch have Tcsulted In the 
understanding and conf|ue5t of the rickcitibl Infec- 
tions. 

Cerliard In 183Q differentiated tvphold fever 
from lourc-lxinie Ijiilms fevrr. In 18*/) Matev' «le- 
scrilxtl the clinicni mamfeit.itioiis of IltKly Mwin- 
(am spoltvd fever. In n series of sttidici from IWXJ 
to 1000 llkVrlls. for whom the rkleltsta miai»- 
org.ifiismj arc n.ini«Hl. sutTcssfulIy transmltlesl (lie 
dise.ise to guinea pigs, inerimifialesl the wood lick 
as a victor, and olm-nnl ilcki-tlsias Irr smears pre- 
pared from tick tissues 

Nicsille Jii 1300 npriKluird t.vphus fever in mon- 
ke)$ and dcinointratcd transmission hv tlie IkhIv 
louse Von Pniwa/ek in lOH an<l Da |t<K.!ia-L(ma 
m 1010 (hmunstrated smdl tnieroorgamsms in the 
tissues of lice taken from tvphus patients. 

Brill in 1010 ncognl/ixl n febrile shseasc In pa- 
tients in Nevv Voik Cit)- as an example of mild epi- 
demic tjpliHi unissociated with lousiness. Zmsxer 
in Liter jean (10.31) poslubtcd ih-it Brills disease 
w as a recsirrcnt form of t> phiis occurring in patients 
during perioib of stress or w.inmg immunity. Snh- 
sequent studies h.ivc essentially confirmcsl Zmssas 
hspo thesis. 

Wed and Peht working with tsphus prtlenU In 
Poland in 101.5 rccognlzi-d that agglulmins for cer- 
tain pnvtcus organisms appcarevl in tlw scrum sjf 
convalcwnt patients, llie ^^'cll•^c•llx rc.iction, al- 
tfiough nnnsptcific in character, offords a simple 
and valuable screening mcthorl for (he diagnosis of 
certain nekettsioses. 

In 1920 Maxc)', on purely epidemiological evi- 
dence, surmisetl tint lyplms in this oiiintrj' Ind its 
reservoir in rixlents and was transmitted to man 
b) licks or fleas. Confinn.alion of Mavcv-'s hypothe- 
sis was obtained in Baltimore m 1930 !»y Dyer and 
others when they isoLated rkkittsias from the lirains 
i'f rats and shortly therc.iftcr incriminated the flea 
’as a vector. Tins disease, caused by Hiclcltda 
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tnoosrri and now designated endemic, or murine, 
tvphus, is distinct from epidemic typhus and Brill's 
disease. 

Tlic development of suitahle vaccinrs and spe- 
cific diagnostic antigens vv.is Impeded until it was 
jMssflde Id pripsrr apprriiiMe rjuuitities of highly 
infectious ricLeIttiil nulirul in the lalwratory. Tlie 
most Imporl.rnt itips sierc (1) the Wcigl vactme 
(1030), which was a pl.rnnh/nl siispi-nsion of gut 
(Issue obtained from Ixxly lice which had been in- 
{•.xtisl uitrarectally vvith tlie tickrttsi.»r of epidemic 
tvphus; (2) the Lillesl muifne (v^ilms vaccine pre- 
pares! by Castarusla (1039) from lung listues of 
lats fnje^rd intraiusalK; and (3) (he inartivatn! 
ItncLy Mountain {{xiltid fever vaccine ohtaininl bv 
0)1 (101 1) from Infcclerl jolV sacs of cmlny Dinted 
hcfi* eggs. Fach of the devr!upn»'-nls was applied 
In ptinnplc tu other ricletlsn? agents, hut the 1 iw 
imt and relative timphiilv of lliC egg Irchiilipu-s 
Ime hxl to their general uie fur prrpiration of 
vaccines and diagnostic nnlignis The sjycific dug- 
novtic complrmnit fisalion tests for the rirlettsul 
slise.ises now iiwd in the Unifrsl States item directly 
from die pioneetlng work of Bengtseu in Q fever 
and ol lloti on llir spottcsl and IvpI.us fevm dur- 
lug Ifte early 10 lOi 

TIk* )r.srs of the Second ^\’otl<^ War saw many 
strides m the conquest of tlw* ritkctlsbses. psrtlups 
greatest among these wrrr the highly ttiecetdul 
Attacks on the insect viiton of drsease. Tlie lousi- 
eidc DDT ptOMsl to l>e (deal for contnd !iy dusting 
on the clothfi of fnfeitesl persons Tlie epidemic 
at Naples duting the sv inter of 1013 (•> 1041 estab- 
lished A mileslDne, sintr it vsaj tlie first to I* istp- 
pressed within icwral wtt'ks mainly liy the use of 
insritiadi-i On the other side of the wntid, scrub 
typhus (mite-Lotne Ivpliui) was crraling a major 
problem In military niislicine in the BaeiEc area. 
Heir loo. the major coiitiilmdoru to iuet«sful con- 
trol vsrte oniwniesl with application of mitlcitlal 
clicmicali Id the pervm and his clothes. 

Specific therapy of n’clettsial infi-ctions is a 
rather recent developinent Although hspcrimmiine 
rabhlt lenim (Topping. 1033) ameliorated tlie 
course of Itocky .Ntountaln spottiil fever If givrn 
slwTsng live c.vily stages nnd paia-aminolicnroic acid 
(3’romans, tOil) was found to 1k- iffectlve in ty- 
phus fever, the .ndvciil of broad-q>ectrum anlibiot- 
ic*. first cldoramphcniisil. then chlortitraevtliiic in 
10-18. aiwl later osvtetrafycbne prDvidctl the dra- 
matic tlierapeiitic results in c.ich of the ricVcttsioses. 

Table 170-1 lists several ricktttsi.il dtsi-ascs which 
Iiave not been mcntioriw! in this historical review. 
\MiiIo Important in tliemselves, except for Q fever, 
these have not been the suhject of work which con- 
tnlnitcd hroad principles applicable to the gmup 

PatliDgmesis. niikottsial diseases of man slevciop 
following infection by one of two routes, ie, the 
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skin or the respirator^' tract. Agents of the typhus 
and spotted fever group of rickettsias are introduced 
into the skin through the bite of the infected arthro- 
pod vector. Ticks and mites which transmit the 
spotted fe\’ers and scrub typhus inoculate the rick- 
ettsias dnectly into the dermis during feeding. The 
louse and Sea, which transmit epidemic and murine 
typhus, respecbVely, deposit infected feces on the 
skin; infection occurs when organisms are rubbed 
into the puncture wound made by the arthropod, 
a process facilitated by scratching the itching bit- 
ten area. The rickettsia of Q fever gains entry 
through the respiratory tract by inhalation of in- 
fected dust; moreover, the respiratory route may 
occasionally be indicted in epidemic typhus when 
infection results from inhalation of dried infected 
louse feces. 

"While multiplication of organisms probably takes 
place at the original site of entry in all instances, 
local lesions appear with considerable regularity 
only in certain diseases, viz., the initial cutaneous 
lesions of scrub typhus, rickeltsiaIpo.x, and African 
tick typhus, and the pneumonitis which develops 
In about half the persons infected 'vith Q fever. 
Investigations have demonstrated that volunteers 
Infected with either scrub typhus or Q fever de- 
velop rickettsemia late in the incubation period, 
often some hours before the onset of fever. Similar 
events probably occur in all the rickettsial diseases; 
certainly circulating rickettsias can be detected 
during the early febnie period in practically all 
patients. Little is known about the pathogenesis of 
infection during the midportion of the incubation 
period. However, it is reasonable to assume that, 
during this time in patients with typhus or spotted 
fever, a transient, low-grade rickettsemia results 
from release of organisms multiplying at the initial 
site of infection and that this seeds infection in the 
endotliehal cells of the vascular tree. Vascular le- 
sions developing at such sites could account for the 
pathologic changes including the rash (see follow- 
ing discussion of Pathology). 

The underlying cause of the toxic-febrile slate 
which characterizes llie rickettsial diseases, as well 
as most infectious diseases, remains unkno'vn. If 
the products of destruction of infected cells con- 
tnbute to the state, then fairly extensive damage 
is required, i.e., more than that occurring late in 
the incubation period of scrub typhus, when enough 
infected cells are destroj'ed to liberate appreciable 
numbers of rickettsias into the circulation yet the 
pab’ent remains afebrile and feels well. Several rick- 
ettsial species contain type-specific toxins wliid* 
are lethal for mice; what role these play in the toxic- 
febrile state of patients remains unknown. Cortisone 
suppresses the febrile response in patients but does 
not prevent death of mice injected with rickettsial 
toxins. 
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Pathology. The basic pathologic lesions in the 
spotted and typhus fever groups of diseases are in 
the small vessels. The most diverse and extensive 
of these are found in Rocky Mountain spotted fever. 
Here swelling, proliferation, and degeneration of 
the endothelial cells occur, frequently w'ith throm- 
bus formation which partially or completclj’ obliter- 
ates the lumen. The muscle cells of the arteriole 
undergo degeneration represented by swelling and 
fibrinoid changes. The adventitial tissues arc infil- 
trated with mononuclear leukocytes, I)'mphocytes, 
and plasma cells. Such vascular damage is scattered 
in localized regions along the arteries, veins, and 
capillaries with normal architecture prevailing 
throughout most of the vascular bed. The changes 
in murine, epidemic, and scrub t)*phus fevers re- 
semble those in Rocky Mountain spotted fever as 
regards the endothelial swelling and the adventitial 
inflammatory infiltrations; however, thrombosis is 
uncommon, and involvement of the musculature is 
rare. 

The vascular changes with resultant lesions in 
adjacent parenchymatous tissues occur throughout 
the vital organs but are most conspicuous m the 
heart, lung, and bram. Interstitial tnyocardtbs oc- 
curs in each member of this group of diseases but 
is usually most extensive in Rocky Mountain 
spotted fever and in scrub typhus In the brain, the 
glial nodule is found in all members of the group, 
but microinfarcts in the brain bssuc or in the myo- 
cardium are most often observ’ed in spotted fever 
The glial nodule represents a cellular response m 
an area adjacent to a small vascular lesion. The 
microinfarct, on the other hand, constitutes anemic 
necrosis in an area whose supplying V'essel has been 
occluded by the intimal reaction or thrombosis 
Visceral lesions in most of the other organs arc 
similarly dependent upon the primary vascular ob- 
normaltties, or are (hose nonspecific changes asso- 
ciated with severe febrile illnesses. 

A rickettsial pneumonitis occurs at least to some 
extent in many patients wath spotted or typhus 
fever and is the characteristic pathologic change 
in patients with Q fever. This is an interstitial 
pneumonitis which closely resembles that encoun- 
tered in primary atypical pneumonia and v iral infiu- 
cnzal pneumonia. The process is patchy and con- 
sists macroscopically of areas of congestion and 
edema with gray granular consolidation. Micro- 
scopically, in the consolidated are.as tlie alveoli arc 
fillip with compact fibrinocellular exudate contain- 
ing Ijinphocytes, plasma cells, large mononuclear 
cells, and crytliroc^-tes, but few if any polj-morpho- 
nuclear leukocjles. Tlic alveolar epithelium is hv- 
perplastic, and the intraalveolar septums, as well 
os the peribronchial and perivascular tissues, are 
thickenra by accumulations of leukocjics such as 
are found within the alveolar lumena. 
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Table nO-2. serologic DIACVOSIS of mCKElTSIAt diseases tv TJJE UNITED STATES 


Group 

Disease 

Weil-Kelix reaction 

Complement fixation tc«ts with 
typc-spociCc ftiiligen 


lUiHtrativc 

filer 

Ca«e9 

vrilh 

(liaenoslic 

titer 

ttickcttsiul 
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llluatratlvc 
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with 

ilivgnostie 
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lOtb 

(lay 
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day 
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dsy 

20lh 

dny 

30th 

day 

.Spotted 

Rorky Mountain 

OX-19 

•10 

320 

Most 

It. rieXcJhii 

20 

ICO 

SO 

3fost 

fever 

iiwtled fever 

0X.2 

20 

1G0 



















llickctlsialpox 

OX-10 

0 

0 

None 

R. alort 

0 

ct 

128 
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OX-2 

0 

0 







Typhus 

Murine tvphus 

OX-IO 

160 

CIO 

Moat 

R. iiiMirri 

0 

ICO 

ICO 
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O.X-2 

10 

40 








Bnll’a ihseiwe 

OX-19 

20 

320 

I(ifnx)uent 

R. jirovastki 

040 

12S0 

1 320 

Most 



OX-2 

! 0 

0 








Q fever 

i OX-IO 

0 

0 

None 

R. bmnfli 

10 

SO 

ICO 




! OX-2 

0 

0 








HicVettsias can occasionally lie observed micro* 
scopicfllly itt sections of tissue from jwtsons djinj 
from rickettsial diseases However, special fixation 
of tissues, special staining tccliniqucs, infinite pa* 
tienee for work with the oil immersion objective, 
and luck are rerjuired for success. The failure to 
demonstrate nckettsias in histologic section is of 
no diagnostic signi9cancc. 

Laboratory Diagnosis. Diagnostic proccdvirex 
which depend on isolation of the ctiologic agent 
from blood or other clinical material arc expensive, 
time-consuming, and hazaidous to laboratory per- 
sonnel. Except in unusual circumstances the cur- 
rently available serologic tests are adequate for 
laboratory confirmation of the clinical diagnosis in 
each of the rickettsial diseases. 

As in most serologic diagnostic procedures the 
demonstration of a rise in titer of specific antibody 
during convalescence is of prime importance in es- 
tablishing the laboratory confirmation. Table 170-2 
summarizes the serologic results usually encoun- 
tered m persons vvho suffer from rickettsial diseases 
in the United States. The Weil-Felix test employing 
Proteus strains OX-19 and OX-2 gives positive re- 
sults m patients with spotted fever and murine 
typhus and negative results in those with rickettsial- 
pox and Q fever. It is useful as a screening pro- 
cedure but cannot be relied upon to differentiate 
spotted fever from murine typhus. 

Complement fixation tests employing group- 


specific rickettsial anligctu pro\4de data which 
cledtly diffctcutvatc thu tsvwt common infcctiws. 
i.c., murine Ijphus, Rocky .Mountain spotted fever, 
nnd <5 fever. Moreover, if tjpe specific rickettsial 
antigens arc employed, it is generally possible to 
distinguish rickcltsiajpox from spotted fever and 
nrill's disease from iniirinc typhus. 

Specific antibiotic therapy has little effect on the 
lime of appear.mce of antibodies or on their ulli* 
m.xtc titer, prov idcU treatment is begun some days 
after onset of the rickettsial disease. However, if 
tlic illness is cut short by early and vigorous treat* 
incnt, then antibody production may be dela)!^! 
for a Week or so, and also the maximal titers ot- 
tained may be below those illustrated in Table 
170-2. Under these circumstances a sample of blood 
taken *1 to 6 weeks after onset of illness sliould be 
examined. 

Except for normochromic anemia, vvluch occurs 
in patients severely ill vvilli rickettsial diseases, 
tlicn* are no other distinctive alterations of the 
hematologic picture. The white blood cell count m 
Rocly Mountain spotted fever, rickettsialpox, mu- 
rine and epidemic typhus, Brill’s disease. Q fever, 
and others is usually within the normal range: 6,000 
to 10,000 cells per cu mm. Leukopenia is occasion- 
ally observ'cd, and in tlie presence of complications, 
suai as superimposed infections and c-xtensive vas- 
cular lesions, moderate leukocytosis occurs. The dif- 
ferential blood count is usually normal. 
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m ROCKY MOUNTAIN 
SPOTTED FEVER 
T. E. Woodward and 
J. E. Smadel 

Definition. Rocky Mountain spotted fever, an 
acute febrile illness caused by Rickettsia rickettsii, 
U transmitted to man by ticks. The disease is char- 
acterized by sudden onset with headache and cliills 
and by fever which persists for 2 to 3 weeks. A 
rdianu^cristic c.Yanthcm appears on the extremities 
and trunk about the foui^ day of disease; this 
rash, like other anatomical manifestations of the 
disease, stems from focal areas of endangiitis scat- 
tered throughout the body. Delirium, shock, and 
renal failure occur in the severely ill. Agglutinins 
for the proteus organisms and specific complement- 
firing antibodies appear in the patient's serum dur- 
ing the second or third week of disease. The broad- 
spcctrum antibiotics are highly specific therapeu- 
tically. A reWew of the pertinent historical features 
is given in Chap. 170, 

Etiology and Epidemiology. The causative mi- 
crobe, Riclctlsia rickettsH, lepiesents the prototype 
for the rickettsial group of agents. The minute or- 
ganisms, about 1 n in length and 0.2 to 0.3 fi in 
width, are purple when stained by Giemsa's method 
or red by Macchiavello’s techm'que and often occur 
in pairs surrounded by a halo as if encapsulated. 
'The rickettsias grow in the nucleus as well as m the 
cytoplasm of infected cells of ticks, mammals, and 
embiyonated eggs; tire intranuclear situation of the 
organisms is shared by the other members of the 
spotted fever group, but not by rickettsias of the 
^hus group. Rickettsia rickettsii are readily dis- 
tinguishable from the agents of the typhus fevers 
by cross immunity tests in guinea pigs and by com- 
plement fixation tests employing antigens prepared 
from infected yolk sac tissues. The differentiation 
of R. rickettsii from closely related members of the 
spotted fever group frequently requires elaborate 
procedures. Strains of the agent of Rocky Moim- 
lain spotted fever vary considerably in their viru- 
lence for man and animals. 

The first reports of spotted fever in Idaho and 
Montana during the final decade of the last century 
led to the name Roc)^ Mountain spotted fever. 
However, the disease has been reported in all states 
except Maine and Vermont, as well as in Canada, 
Mexico, Colombia, and Brazil. Although related 
diseases are found on other continents, this particu- 
lar infection is limited to the 4Vestem Hemisphere. 
Formerly about 500 but cutrently about 300 cases 
of spotted fe% er occur annually in the United States; 
the mortality which in the daj-s before specific 
therapy was about 20 per cent decreased to 3 per 
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cent in 1055 but bas since risen to about 7 per cent. 
The attack rate per unit of population is highest 
in Wyoming, but Uie rates in Delaware, Maryland, 
Virginia, and North Carolina are about the same as 
&ose in Montana, Idaho, Nevada, and Utah. More- 
over, approrimately two-fifths of all cases in the 
United States occur each year in the Middle At- 
lantic states just mentioned. 

A number of species of ticks arc found infected 
with R. Tickettsii in nature, but only two species 
are important in transmitting spotted fever to man. 
These arc Demacentor andersoni, the wood tick 
which is the principal vector in the West, and 
D. carfabiiis, the dog tick svhich assumes this role 
in the East. Ricketts almost half a century ago dem- 
onstrated tliat infected adult female ticks transmit 
the agent transovarially to at least some of their 
offspring. Ticks which become infected, either 
through the egg or at one of the stages during their 
developmental cycle by feeding on nn infected 
mammal, harbor the rickettsias throughout their 
lifetime, which may be as long as several years. 
Thus the tick probably serves as a reservoir in ad- 
dition to being a vector. Small wild mammals are 
suspected of playing an important role in spread- 
ing tlie rickettsias in nature by infecting those new 
ticks which feed on them during that period of the 
disease when Tickettsemia Is occurring. 

Disease in man is generally acquired from the 
bite of an infected tick. However, transmission is 
unlikely unless tlie tick remains attached for a num- 
ber of hours. Infection may also be acquired through 
abrasions in the skin which become contaminated 
with infected tick feces or tissue juices, hence the 
hazard associated with crushing ticks between the 
fingers when removing them from persons or ani- 
mals. 

There are seasonal variations in tlie incidence of 
rases rA sprA\e4 Sever, <ir5ere«»s va age 

and sex distnbution of cases. In each instance these 
differences are related to exposure to tid«. Thus 
most patients ore seen during the period of maxiinal 
tick activity, i.e., late spring and early sununer. 
Topping found that about half the cases in the 
Western states occurred in men over forty, whereas 
half those in the Eastern states were in diiJdren 
under fifteen. This age distribution is undoubtedly 
influenced by propinquity to the wood and dog 
ticks, respectively. Mortality increases with age of 
the patient; hence the crude fatality rates in Uie 
West are generally higher than those m the East. 
How'ever, when corrected for age, the rates in com- 
parable groups are similar. 

Clinical Manifestations. Incubation Period and 
Prodromata. A history of tick bite is elicited in np- 
provimately SO per cent of patients. The incuba- 
tion period varies between 3 and 12 days with a 


mean of 7. A short incubation period usually indi- 
cates a more serious infection. 

Onset and Symptoms, In nonvaccinafed persons, 
the onset is usually abrupt, ivith severe headache, a 
sudden shaking rigor, prostration, generalized myal- 
gic pains especially localized in the back and kg 
muscles, nausea with occasional vomiting, and fevcr 
which reaches 103 to I04®F ivithin the first 2 day®. 
Pain in the abdominal muscles may be severe, and 
arthralgia is not uncommon. Deep muscle palpA- 
tioo often ebeits tenderness. Occasionally the debut 
of illness in children and adults is mild, accorfl- 
panied by lethargy, anorexia, cephalgia, and Io\v- 
grade {ever. These symptoms are similar to those 
many acute infectious diseases, making specific 
diagnosis diificult during the first few days. 

Pyrexia. Fever continues for approximately 15 to 
20 days in untreated cases. The febrile course if* 
children may be shorter. The pyrexia is high, with 
morning remissions that do not reach normal levels- 
Hyperthermia of 105®F or greater is of unfavorable 
prognostic significance, although fatalities may oO- 
cur when the patient is hjpothermic, with concul- 
rent vasomotor collapse. Fever gener dly terminates 
by lysis over a period of several days, but rarely d 
docs so by crisis. Recurrent fever is quite uncom- 
mon except in the presence of secondary pyogenic 
complications. 

Tbe headache is generalized and excruciating, 
and frequently more intense over the frontal area 
It persists throughout the first and second week of 
illness in untreated cases. Malaise continues for the 
first week; irritability is notable, and the patient 
shuns distractions such as questioning and exami- 
nation. 

Cutaneous Manifestations. The rash which is 
present in practically all cases is the most charae- 
lerisUc and helpful diagnostic sign. It usually ap- 
peass ijw the jourtb Itkrslt dxy. x-aysgt, 2. ^<0 S day?- 
The initial lesions are on the wrist, ankles, palms, 
soles, and fore.’ums. The first lesions are macular, 
nonfixed, pink, irregularly defined, and 2 to 6 nwn 
in width. A warm compress appL'ed to the extremity 
accentuates the rash in the early stages. The ex- 
anthem is most prominent when the temperature 
is elevated After 6 to 12 hr, the rash extends cen- 
tripetally to the axilla, buttocks, trunk, neck, and 
face. (This is in contrast to the eruption of typhus 
fever, which begins on the trunk and spreads cen- 
tnfugaJly, rarely ins’olving the face, palms, or soles.) 
Hie rash becomes maculopapular after 2 to 3 days 
(It may be felt by light palpation) and assumes a 
deeper red hue. By about the fourth day it is pe^ 
techial and fails to fade on pressure. Not uncom- 
monly the hemorrhagic lesions coalesce to form 
large ecchymotic blemishes, these lesions tend to 
form over bony prominences and may ultimately 
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slough to form indolent slow-healing ulcers. Patients 
who have had the typical rash show brownish pig- 
mented discolorations at the site of the previous 
lesions for several weeks during convalescence. In 
milder cases the rash does not become purpuric 
arid may disappear within several days. Modem 
antibiotic therapy’ may abort the early exanthem, 
wlrereas the later Tixcd lesion fades less rapidly un- 
der specific Uierapy. 

The application of tourniquets for several min- 
utes, or the occasional taking of the blood pressure, 
may provoke additional pelechiae (Rumpel-l-eede 
phenomenon), which is further evidence of capil- 
lary abnormalities. 

Cardiocascuhr and Respirator!/ Features. During 
the early stages, the pulse is full and regular but 
accelerated in propoiUon to the height of the tem- 
perature, and blood pressure is nvcII sustained. 
During the peak of illness in seriously ill children 
and adults, the pulse is rapid and feeble, and hy- 
potension of 90 mm Hg is common. If circulatory 
failure is long sustained, the resultant hypoxb and 
shock lead to agitation and delirium and contribute 
to the formation of ccchymoscs and gangrene of 
fingers, toes, genitalia, buttocks, car lobes, and nose. 
Cyanosis of the peripheral parts of the body is 
common. Venous pressure determinations do not 
reveal elevations indicati\’c of congestive heart fail- 
ure per sc, nor is the venous pressure elevated fol- 
lowing the careful administration of intravenous 
fluids. A reduction of the total blood volume is oc- 
casionally found, as are evidences of myocardial im- 
painnent as shown by electrocardiography, I e, low 
voltage of s’cntricular complexes, minor S-T seg- 
ment deflections, and occasionally delay in atrioven- 
tricular conduction time (Harrell). These changes 
are transient and similar to those encountered in 
p-itients with pneumonia, typhoid fever, or uremia. 
Severely ill patients present a puffy appearance 
of the face, hands, ankles, feel, and lower sa- 
crum. 

Respirations are either normal or slightly accel- 
erated. Cough may be harassing and nonproduc- 
tive, and localized pneumonitis may occur, whereas 
pulmonary consolidation is extremely uncommon. 
Pulmonary edema may develop particularly after 
the injudicious use of intravenous fluids. 

Hepatic and Renal Manifestations. In the ma- 
jority of moderately ill patients, there is little alter- 
ation in the renal or hepatic function. The liver may 
be ciJarged, but jaundGce is unusual. Oliguria com- 
monly occurs in the seriously ill, and anuria may 
mark the critical case. Azotemia is common but 
when marked is a very unfavorable sign. Abnormal- 
ities in hver function are probably responsible for 
the hypoproteinemia, with reduction in the albumin 
fraction. 
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Neurologic Manifestations. The principal neuro- 
logic manifestations are headache, restlessness, and 
varying degrees of insomnia. Stiffness of the back 
is common. The cerebrospinal fluid is clear, with 
normal dynamics and normal chemical constituents. 
Coma and muscular rigidity may occur. Atbetoid 
movements, convulsive seizures, and hemiplegia are 
grave manifestations. Deafness during die active 
stages of the disease is not uncommon. As a rule, all 
neurologic signs abate without residual. Findings 
based upon follow-up examinations and electroen- 
cephalograms may be interpreted as indicative of 
minor residual brain damage for a year or mote 
following recovery of certain patients from Rocky 
Mountain spotted fever. 

Other Physical Manifestations. Patients become 
dehydrated, with extreme dryness of lips, gums, 
tongue, and pharynx. The sidn is hot and dry, the 
conjunctivae are frequently injected, and the eyes 
suffmed. Photophobia is common in the early stages 
of illness. Petechial hemorrhages may be noted in 
the conjunctivas or in the retina. The spleen is en- 
larged in appro.ximate]y one-half the cases and is 
firm and nontendcr. Abdominal distention is fre- 
quent, and occasionally some degree of intestinal 
ileus is observed. Constipation is usual. 

Course of Disease. In mild and moderately se- 
vere cases given no specific antibiotic therapy, the 
disease abates m’thin 2 weeks, and convalescence 
is rapid. In fatal cases death usually occurs during 
the latter part of the second week as a result of 
toxemia, vasomotor weakness, and shock or renal 
failure with azotemia. 

In vaccinated individuals who contract the dis- 
ease, tlie Qlness is mdd, with a short febrile course 
and an atypical rash. 

Complications and Prognosis. If the serious mani- 
festations of spotted fever mentioned above are 
regarded as intrinsic parts of the disease, then 
complications axe uncommon and consist mainly of 
secondary bacterial infections, viz., bronchopneu- 
monia, otitis media, and parotitis. Thrombosis of 
major blood vessels may result in gangrene of a 
portion of an extremity. Hemiplegia and peripheral 
neuritis are important but rare sequelae. 

The over-all mortality rale for spotted fever was 
formerly about 20 per cent. Fatal outcome occurred 
in more than half of persons over forty years of age 
but was appreciably lower in children and young 
adults. Since the introduction of the broad-spec- 
tnun antibiotics and the development of more pre- 
cise knowledge regarding correction of the physio- 
logic abnormalities which develop during the dis- 
ease, deadis rarely occur from this infection even 
among the patients who first come under medical 
care rather late in the disease. 
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DifTerential Diagnosis. During die early stages 
of infection before the rash has appeared, differen- 
tiation from other aaite infections is difficult. His- 
tory of tick bite while Jiving or traveling in a highly 
endemic area is helpful. The rash of mcningocoe- 
cemia resembles Rocky Mountain spotted fever In 
certain aspects, since it is macular, or maculopapu- 
lar, or petechial in the chronic form, and petechial, 
confluent, or ecch)Tnotic in the fulminant type. The 
meningococcic skm lesion is tender and develops 
with extreme rapidity in the fulminant fonn, 
whereas the rickettsial rash occurs on about the 
fourth day of disease and gradually becomes pe- 
techial. The exanthem of rubella rapidly becomes 
confluent, while that of rubeola almost never be- 
comes petechial. The exanthem of varicella or va- 
riola is first er) thematous and later becomes vesic- 
ular. Tlie rose spots of typhoid fever are usually 
on the lower chest or abdomen and remain delicate, 
Without hemorrhagic character. Rocky Mountain 
spotted fever slan lesions, in contrast to those of 
typhoid, begin on the periphery of tlie body and 
later bwome pelecbJal. The rash of infectious 
mononucleosis is usually morbilliform on the trunk 
and rarely becomes petechial, hforeover, in this 
disease, angina, lymphadenopathy, and atypical 
lymphocytes in the blood are di^erentiating fea- 
tures. 

Murine t)'phus is a milder disease than Rocky 
Mountain spotted fever; the rash is less extensive, 
nonpurpuric, nonconfluent; and renal and vascular 
complications are uncommon. Not infrequently dif- 
ferentiation of these two rickettsial infections must 
await the results of specific serological tests. Epi- 
demic typhus fever is capable of causing all the 
pronounced clinical, physiologic, and anatomic 
alterations seen ui patients widi Rocky Mountain 
spotted fever, i e., hypotension, peripheral vascular 
faduxe, cyanosis, sfaw necrosis asvd gawgierve of 
digits, renal failure with azotemia, and neurological 
manifestations. However, the rash of classical ty- 
phus is noted initially in the axillary folds and on 
the trunk and later extends peripherally, rarely 
involving the palms, soles, or face. The serologic 
patterns in these two diseases are distinctive when 
specific rickettsial antigens are employed In tests. 
Moreover, louse-borne typhus is not recognized In 
the United States except in the form of DrilTs dis- 
ease (recurrent typhus fever). Rickettsialpox, al- 
though caused by a member of the spotted fever 
group of organisms, is usually readily differentiated 
'rom Rocky Mountain spotted fever by the initial 
:sion, the relative mildness of the illness, and the 
arly vesiculalion of the maculopapular rash. The 
Veil-Felix reaction is positive in Rocky Motmtain 
potted fever and in murine and epidemic typhus, 
)Ut is negative m rickettsialpox. Agglutinins against 
*roteu5 OX-19 and OX-2 appear in the serum of 
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patients with spotted fever but only those against 
OX-19 are generally found in murine and epidemic 

typhus. 

TJierapy 

General. Certain physiochemical changes occur- 
ring in tile patient seriously ill with one of the dis- 
eases of the typhus spotted fever group should be 
understood before outlining a therapeutic regime. 
These changes arc circulatory collapse, coma, oli- 
guria and anuria, azotemia, anemia, hypoprotei- 
nemia. hypochJoremia, and edema of the underlying 
tissues. These alterations are often absent in the 
mildly ill, and in them management is much less 
complicated. The therapeutic principles necessary’ 
for the treatment of all rickettsioses arc (1) specific 
chemotherapy and (2) supportive care. Attention 
to both is mandatory for tlie seriously ill patient 
first recognized late in the disease. Contrariwise, 
during the first week and in the moderately ill pa- 
tient, supportiv’c therapy may be less energetic, 
since specific chemotherapy Hsu.il!y suffices. The 
early mild case may bo successfully treated at home, 
whereas tlie later case should receive hospital care. 

Therapeutic measures advisable for tlio m.'inagc- 
meat of Rocky Mountain spotted fever will be de- 
scribed in det-vil. V'arialions of this regimen whicli 
apply to the other rickettsioses are described in 
subsections relegated to other diseases of the ty- 
phus-spotted fever group and Q fever. 

Specific Therapy. Specific therapy is most effec- 
tive when initiated during the early stages of dis- 
ease coincident with the appearance of the rash 
^Vhen therapy is delayed untU the rash has become 
hemonhagve and widespread, the response is less 
dramatic. The antibiotics of choice are chloram- 
pherucol, chlortetracycline, and oxytetracyclinc, 
whicli are effective because of their nckettsiostatic 
properties. They ate not lieVeltsvncidai. Each of ilve 
antibiotics is supplied for oral and intravenous use. 

Chloramphenicol. Tlie initial oral dose is calcu- 
lated on the basis of 50 mg per kg body weight, 
and subsequent doses of 1.0 Cm are given every 
8 hr or 0.5 Gm every 4 hr for adults. Daily require- 
mcnl for children is calculated on the basis of 75 
mg per kg body weight per day. The succinate 
ester of chloramphenicol available in 1.0-Gm am- 
pules may be given intravenously, incorporating the 
solution in either 5 per cent glucose or in physio- 
logical saline in volumes not exceeding 200 ml. 
Dofly doses exceeding 3.0 Gm arc not advised, and 
the oral route should be utilized when feasible. 
Chloramphenicol powder obtained from the gelatin- 
sealed capsules may be suspended in saline or dis- 
tilled water for administration via stomach tube. 
Chloromycetin palmitate, a palatable liquid prep- 
aration suitable for children, may bo given for 
mainten.'ince therapy calculated on the basis of 100 
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Table nut. CFFECT of specific AS'Tiniorics os the 

COEJlse OF THE MAJOIl IHCKETTSIOSES 



Untreated j 

Treated 

DUeaso 

! Avcrajte ] 
duration, 
of fever, , 
days 

Mor- 

tality, 

per 

cent 

AverSBO 
durationl 
of fever ' 
after Rx,' 
days 

Mor* 

tality, 

per 

cent 

Rocky' Mountain 
spotted fever. . .. 

1C 

21 

' 3 

1 0 

Epidemic typhus... 

14 

30 

2 


Murine typhus .... 

12 

2 

1 2 

0 

Scrub typhus 

14 

15 

1 

0 


mg per leg body weight per day divided in equal 
doses at ^ to 8-hr inter\'als. 

TeUetetjeUnes. The earlier studies shou^ that 
chlortetracycline and oxy tetracycline were efiFcclive. 
All the tetracycline group of antibiotics are now 
used with equal efFectivencss. The initial ora! dose 
is calculated on the basis of 25 mg per kg body 
weight. Subsequent dally doses of 25 mg per kg 
body weight are divided equally and given at 4 to 
6-hr intervals. Parenteral forms of these antibiotics 
are available for use in the daily doses indicated 
above. Under no circumstances should more than 
2.0 Gtn be given intravenously per day, and the 
oral route is preferred. 

Table 171*1 summariaes information on the dura* 
tion of disease and the mortality in the mafor rick* 
ettsioses prior to and since the introduction of spe* 
ci£c antibiotic therapy. 



Fic. 171-1. Rocky Mountain spotted fever. Course of 
illness in a moderately ill adult patient treated with 
chloramplienicol. Patient became afebrile in 2 5 days. 



Fic. 171-2. Rocky Mountain spotted fever. Clinical 
course in a severely ill, semicomatose boy who recened 
energetic supportive therapy as well as chlorampheni- 
col. The temperature reached normal levels 6 days after 
treatment W'as instituted. Convalescence was uncompli- 
cated. 


Dutathn of Therapy and Therapeutic Response. 
Therapy with antibiotics is continued until the to.x- 
emia has abated, the general condition has mark- 
edly improved, and the temperature has remained 
at normal levels for 24 hr. ^ uncomplicated cases 
of spotted fever, there is symptomatic improvement 
tvithin 24 hr and normal temperature in 60 to 72 hr. 

Figure 171-1 illustrates the typical response in a 
moderately ill adult in whom specific therapy was 
augmented by a moderate supportive regimen, Fig- 
ure 171-2 summarizes the findings in a severely ill 
child who required a longer course of antibiotic 
treatment as well as vigorous supportive care. 

Supportive Care. Nursing Care. Frequent turn- 
ing of the patient relieves pressure from prominent 
bony parts such as the lower spine, hip, elbows, 
and heels, thereby lessening superficial sldn lesions. 
In comatose patients frequent turning also militates 
against the development of hypostatic pneumonia. 
Proper mouth hygiene with frequent swabbing of 
the Oral cavity may avert the development of paro- 
titis and gingivitis. Sucking of the juice of a lemon 
or the oral use of glycerin or mineral oil is helpful. 

Protein Balance, A generous intake of protein 
should be provided by frequent feedings as soon 
as the disease is suspected, in order to avoid sub- 
sequent protein deficiency. Usually food is well 
tolerated by patients with rickettsial disease, and 
the daily iet should provide 3 to 5 Gm protein 
per leg normal body weight, with adequate carbo- 
hydrate and fat to make it palatable. When the 
patient is uncooperative, the diet may be supple- 
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znented by hourly liquid protein feedings via stom- The pneumonitis generally responds to the anti- 
ach tube, provided Uiat there is no abdominal dis- biotic therapy already outlined, and penicillin t>r 
tention. supplemental antibiotics are rarely required for sef- 

At the critical stage, «hcn hypoproteinemb is ondary bacterial pneumonia, 
present and changes in capillary permeability lead Circulatory failure of peripheral or central origin 
to edema and vascular embarrassment, careful at* is combated by careful administration of electrc>- 
tention is given to the parenteral administration of lytic and protein supplements as described. Myt?* 
protein .supplements. \Vhen indicated by hemato- cardial failure may develop rarely from the disease 
logic studies, whole-blood transfusions gistm slowly or as a result of overzealous intravenous alimenia* 
are helpful, or if the total red cell mass is adequate, tion and is recognized by the common signs of rapid 
one of the preformed protein supplements is bene- pulse, gallop rhythm, increase in venous pressure, 
ficial. Intravenous albumin may he particularly use- and muilled cardiac sounds. This complication un- 
ful, since it also aids in the reduction of tissue der present regimens is unusual. ^Vhen the clinical 
edema. The judicious administration of one of the signs reveal unmistakable evidence of cardiac fail- 

plasma e.xpandcrs at this stage may have a definite ure, digitalis may be employed in the usual manner' 

favorable effect upon the impending circulatory Orygen therapy by nasal tube, mask, or tent im* 

collapse. If the patient is anuric and azotemia is proves the cardiac and circulatory status and is 

pronounced, overloading the circulation vv’ith pro- helpful in hypoxic patients with involvement of the 

tcin supplements and fluids is to be avoided. Tlie central nervous system. 
t)'pe and amount of parenteral therapy should be Pfccention 
governed entirely by clinical judgment and very 

careful laboratory studies. Frequent determinations Prevention is attained primarily by avoidance of 
of hemoglobin, hematocrit, electrolytes, and protein, Uck-infested areas. When tills is impractical, pro' 

sometimes at intervals of a few hours during crucial phylactic measures include (I) spraying the ground 

periods, are necessary m order to ascertain abnor- dieldrin for area control of ticks, (2) appllea-- 

malitles and to permit institution of corrective *‘0” repellents such os dicthyltoluamide or di' 
measures. methylphtnalate to clothing ana eiqjosed parts of 

r/iifd Balanee. Special attention should be given body, or in very heavily infested areas the wear-' 
to Uie total daily fluid requirement. In the presence clothing which interferes with attachment 

of coma, 3 to 5 liters of paicntcral fluids may be licks, ie., boots and a one-piece outer garment, 
required, p,articularly in severely dehydrated pa- preferably impregnated with repellent, and (3) 
tients. Using tho laboratory results as a guide, intra- daily inspection of the entire body, including the 
venous physiologic saline may be used to correct hairy parts to detect and remove attached ticks 
the h)'pocfiloremia As a rule the proper adminis- removing attached ticks great care should be 
tration of intravenous saline and glucose infusions taken to avoid crushing the nrtluxipod, with re- 
will correct the clectrol)Uc imbalance. Efforts sultant contamin.'ition of the bite wound, touching 
should be directed tow.vrd ensuring a daily unnaiy the tick with gasoline or whisky encourages de- 
output of approximately 1,500 ml. Too rapid ad- tachmenl but gentle traction with tweezers applied 
TO.WvVst!cit.\Qw qC vo.tia.\cvvQux (Ivwlx way ^xovoVie ad.- close to the mouth qarts may be necessary., the 
ditional tissue edema and greatly increase the load *^’>1 should be disinfected with soap and water 
upon a weakened myocardium. other antiseptics. Similarly, precautions should 

be employed in removing engorged ticks from dogs 
Complications and other animals, since infection through minor 

Pyogenic complications, including otitLS medi.! abrasions on the hands is possible. Vaccines con- 
.and parotitis, ore encountered in p.itients severely taming R. rickettsU are available commercially and 
ill with Rocky Mountain spotted fever and other should be used for those exposed to great risk, viz . 
nekctlsioses. These localized infections respond to penons frequenting highly endemic areas and lab- 
therapy vvitli the broad-spcclnim antibiotics when oratory workers exposed to the agent. Since the 
combined with ordinary supplemental surgical broad-spectrum antibiotics were shown to be such 
ncasures. The sulfonamides are unnecessary for ctcelicnt therapeutic .agents in spotted fever, there 
Teatment of p)-ogenic complications and actually l“$ been less impetus for vaccination of persons 
jvert a dctrunenlal effect on patients watlr ricketl- '’'bo run only a minor risk of infection. 

!ial infections. 

Pneumonitis usu.illy develops as a result of spe- RErERE.NCES 
:iEc rickettsial action. Tlie sputum is scant but Cox, H. R.: The Spotted-Fever Group, pp. 828-86S 
should bo c.xamiiicd to determine whetlivr super- in “\’iral and Rickettvial Infections of Man," 3d 

imposed infection is present. Specific therapy Is eiL, T. M. Rivers and F. L. nonfal!, Jr. (Eds.), 

guided by the results of these laboratory studies. Philadelphia, J. B. Lippincolt Company, 1930. 
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m RICKETTSIALPOX 

T, E. Woodward and 
J. E. Smadel 

Definition. Rickettsialpox is a mOd, nonfataJ, self- 
limited, acute febrile iUncss caused by Rickettsio 
akari, which is transmitted from mouse to man by 
mites. It is characterized by an initial skin lesion 
at the site of the mite bite, a week’s febrile course, 
and a papulovesicular rash. 

Etiology and Epidemiology. Rickettsialpox was 
first recognized in Ne%v York City in 1946 and 
later in several areas in New England. U has an 
annual incidence of approximately 200 cases. The 
vector is a small, colorless mite, AUodermant/sstis 
sanguineus (Hirst), which infests small mice and 
rodents. House mice serve as the reservoir of in- 
fection. 

n/ckertsia akari is morphologically and biolog- 
ically similar to other rickettsias and is antigenically 
related to, but distinct from, R. rickettsu, the cause 
of Rocky Mountain spotted fever. Mice, guinea pigs, 
and fertile hen’s eggs are susceptible to experi- 
mental infection, and diagnostic antigens prepared 
from infected yolk sacs are used in complement 
fixation tests. 

Clinical Manifestations. The initial skin lesion 
appears about 7 to 10 daj^ after the mite bite as 
a firm red papule 1 to 1.5 cm in diameter. In a few 
dap the center vesiculates, and the papule is sur- 
rounded by an area of erythema. The regional 
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lymph glands are moderately enlarged. The primary 
lesion, which is never painful, becomes covered 
wifli a black scab; it heals slowly, and a small scar 
is visible on separation of the crust. 

The febrile phase begins 3 to 7 days following 
the initial lesion, and a body exanthem may ac- 
company the fever or begin several da)’s later. The 
onset of fever is sudden, with chilly sensations or 
&ank chills, headache, sweats, myalgia, anorexia, 
and photophobia. The pyrexia ranges from 103 to 
104“F and continues for about a week, occasionally 
with morning remissions. 

The exanthem is maciJopapular-vcsicuIjr, gen- 
eralized in distnbution, and may be abundant or 
scant. The lesions may involve the oral cavity but 
not the palms or soles. In a week, the vesicles dry 
and form scabs which eventually scale but leave no 
scar. 

The constitutional symptoms are generally mild, 
and the course of illness uncomplicated. No fatal 
cases have been reported. 

The disease may be confused with vsricella 
(chickenpot), which is different in that it occurs 
usually in childhood and has no initial lesion, and 
the papular cutaneous lesion is entirely transformed 
into a veside. Variola (smallpox) is accompanied 
by a more severe constitutional reaction, and tlie 
vesicles become pustules. The skin lesions of the 
other rickeltsioses differ in their lack of \-csicuIa- 
tion. The Weil-Felix reaction remains negative in 
this rickettsial disease, but the specific complement 
fixation test is a useful laboratoiy diagnostic aid 
even though there is consitleroble crossing with ma- 
terials from Rocky Mountain spotted fever. 

Treatment and Prevention. Chloramphenicol and 
the tetracycline antibiotics are all effective lor 
treating patients with rickettsialpox. The tempera- 
ture reaches normal levels in about 2 days, and 
recovery is rapid. The therapeutic procedures arc 
comparable to those used in spotted fever, which 
are desenbed in detail on p. 1098. 

Control measures should be directed toward 
elimination of house mice and the vector mites re- 
sponsible for transmitting the disease. 
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1 70 AFRICAN TICK-borne 
i / 0/ FEVER 

T. E. Woodward find 
7 . E. Smadel 

DcGnition. African tick-borpe fexer, also called 
botitometise fever. South Afdca^ tick-bile fever, 
is a mild to moderately severe, nonfatal illness char- 
acterized by an initial lesion (called tlie tache nolr 
in boutonneuse fever), fever cf several days lo 2 
weeks, and a generalized macu^opapular erythema- 
tous rash which appears on abcut the fiftli day and 
usually involves the palms and Specific com- 
plement G.xing antibodies appear in the patient's 
serum during convalescence, agglutinins to 
Profeiw OX-19 (Wed-Felix reaction) are frequently 
found only in low titer. 

Etiology and Epidemiology. The causative agent, 
fllcXetfrlc conorii, is a member of the spotted fever 
group of rlckettsias and is traPSniitted to man by 
infected Ucks. In the Mediterranean area, the bile 
of infected Rhiptcephalus sangnweus, the brown 
dog tick, is responsible, wherecs in Soutfi Africa a 
number of ticks are assumed to be vectors, viz., 
Hacmaphtjsalis leachi, Amblyemma ficbracum, 
Rhiplcephalus appendiculatuh Boophilus deed- 
oralus, and llijalomma aegijptiU^- 

The disease occurs in the Mediterranean and 
Black Sea area and in Africa, but not in the West- 
ern Hemisphere. It is more prevalent during sum- 
mer months m temperate zone*, whereas it occurs 
throughout the year in the tropics. 

Clinical Manifestations. The clinical course is 
usually milder than in spotted fever, with a shorter 
febrile period and fewer sever® complications; la- 
talities are few and generally limited to the aged 
or debilitated. The initial lesiou heals slowly, and 
the regional lymph nodes are enlarged. The rash 
usually remains papular and rarely becomes hemor- 
rhagic as it does in spotted fevcr- 

Treatment and Prevention* Chloramphenicol, 
chlortetracycline, and oxytetracycline are equally 
'■effective therapeutic agents foi" African tlck-bome 
i^iever. Patients generally become afebrile after 2 
' days of treatment, and recovery is rapid. The thera- 
peutic procedures are comparable to those used in 


spotted fever, wluch arc described in detail on 

p. 1098. 

The major effective methods of control are con- 
cerned with axoidance of tick bites; these fneluilc 
application of newer repellents and prompt re- 
moval of attached ticks. Effective vaccines arc nOt 
av'ailablc commercially. 
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m MURINE (Endemic) 

TYPHUS FEVER 
T. E. Woodward and 
J. E. Smadel 

Definition. Murine typhus fever is an acute spe- 
cific febrile disease caused by Rickettsia mooscri (H. 
tijphi) and transmitted to man by fleas. The clinical 
'iibress is characterized By lever ol 9 to 14 days, 
headache, a maculopapular rash appearing on Ui® 
third to fifth day, myalgia, moderate neurologic 
manifestations, and the appearance during con- 
valcsccnce of agglutinins for certain strains of 
Proteus bacteria (Weil-Felix reaction) and of spe- 
cific complement fixing antibodies which re.act with 
the causal rickcttsi.ie. Treatment with the broad- 
spectnim antibiotics is highly efficacious. 

Etiology and Epidemiology. Rickettsia mooseri 
resembles other rickettsias as regards morphologic 
properties, staining characteristics, and intracellidar 
parasitism. Under the electron microscope R. 
rtfooserl contains dense masses of nuclear material 
in a less dense homogeneous protoplasmic sub- 
stance, the whole of which is surrounded by a 
Imuting membrane. It differs from R. rickettsii in 
that It always multiplies within the cytoplasm of 
cells, in contrast to the intranuclear and cjioplas- 
mic positions of spotted fever rickettsias. 



THE RICKETTSIOSES 


Invasion of the body by fl. mooseri provokes 
specific and nonspecific immunologic responses. 
Utilizing highly purified antigens, spedfic antibod- 
ies may be demonstrated readily by complement 
fixation and agglutination reactions. The positive 
Weil-Felix reaction which occurs in this disease is 
essentially nonspecific, since it is attributable to the 
presence of a common carbohydrate antigen In 
Proteus OX-19 and R. mooseri and since the re- 
action is also positive in epidemic typhus and 
spotted fever. A number of investigators have dem- 
onstrated group specific rickettsial antigens com- 
mon to both B. mooseri and fl. prawazeki, viz., a 
heat-stable complement-fixing substance. Further- 
more, both murme and epidemic rickeltsias possess 
a toxic factor which is lethal to mice and rats and 
may be neutralized by convalescent serum from 
man or lower animals. 

The common vector of R. mooseri for rats and 
man is the rat flea (Xenopsylla cheopis). Blanc is 
of the opinion that infection may be spread from 
man to man by the pest flea {Fulex irritans). In 
nature the rat louse {Polijpax spinulosis) may trans- 
mit the agent among rodents. Customarily rat fleas 
become infected on ingestion of blood from dis- 
eased rats; the rickettsias multiply within the in- 
testinal cells of the arthropod and are excreted in 
the feces. Infection in man occurs foUosving the flea 
bite and contamination of the broken skin by rick- 
ettsia-ladcn feces. Dried flea feces may infect via 
the conjunctivas or upper respiratory tract. 

Hats and mice are naturally infected with murine 
typhus, and although the rodent disease is nonfatal, 
viable rickettsias persist in the brain for variable 
periods. 

Murine typhus is one of the most benign and 
widespread of the rickettsioses in the United Stales. 
Prevalent in the Southeastern and Gulf Coast slates, 
it has been identified in most of the other slates 
and in harbor centers Uiroughout the world wher- 
ever rats and fleas abound. Through control of rats 
and their fleas a sharp decline in incidence has oc- 
curred since 1951, particularly in the Southern 
United States. In urban areas the disease is more 
prevalent during the summer and fall months and 
occurs predominantly among persons working in 
proximity to granaries or food depots. Recently 
there has been an extension to certain rural areas 
because changing agricultural practices have pro- 
vided rats with ready access to adequate food 
supplies. 

Clinical Manifestations, hieubalhn Period and 
Prodromata. Based upon experimental obseri'atlons 
the incubation period ranges from 8 to 16 days, 
with a mean of 10. Common prodromata are head- 
ache, backache, arlliralgia, and chilly sensations. 
Nausea, malaise, and insufficient temperature rises 
may actually precede the true onset of disease. 
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Onset and Ceneral Symptoms. A frank shaking 
chill and often repeated rigors are present at onset, 
associated with a severe frontal headache and fei-cr. 
This triad of headache, chill, and pyrexia is usually 
followed ivithin a few hours by nausea and vomit- 
ing. ProstraUon, malaise, and weakness are suffi- 
cient to enforce cessation of activity in adults in 
contrast to children, whose illness is less severe. 
OrxasionaUy, mild symptoms make it diSicuU to 
define the actual onset. 

Pyrexia. The usual febrile course in murine ty- 
phus lasts for about 12 days in adults, and the 
temperature ranges from 102 to 104‘’F but may 
reach 105 to lOS^F in children. The temperature 
may reach high levels abruptly after onset or ascend 
in a stepwise manner during the first feiv da)‘S. 
With the appearance of the rash, fcx’cr is usually 
sustained, with partial daily remissions which occa- 
sionally reach normal levels in the morning. Defer- 
vescence is generally by lysis over several days but 
sometimes occurs by abrupt crisis. Transient mild 
fever of lOfl'T is not uncommon during early con- 
valescence. A few patients experience only low- 
grade fever throughout, but this does not neces- 
sarily connote a mild illness. 

Cutaneous Manifestations. The early lesions, 
which are sparse and discrete, are hidden in the 
a.xil1ac and inner surface of the aim. Most patients 
then develop with surprising suddenness a general- 
ized, dull red macular rash of the upper abdomen, 
shoiJders, chest, arms, and thighs. Tne mdividual 
lesions are discrete and pea-size, with an ill-defined 
border, and fade on pressure during the first 24 hr. 
They later become maculopapular in contrast to 
the exanthem of epidemic typhus, which is per- 
sistently macular. The distribution over the trunk 
xvilh sparse invohement of the extremities, palms, 
soles, and face differs from the peripheral distribu- 
tion and facial involvement of Rocky .Mountain 
spotted fever. The murine rash generally appears 
initially on the fifth febrile day, but rarely is it seen 
concurrently with the onset or developing as laic 
as the seventh day. 

Eighty per cent of patients develop a rash which 
usually persists for 4 to 8 days and fades before 
dcferx'cscence. Tlie cutaneous manifestations v.-ir}’ 
greatly in intensity and duration and may be fleet- 
ing. They arc readily overlooked in dark-skinned 
patients, in whom they should bo searched for by 
light palpation and indirect lighting. 

Cordiorojculor and Respiratory Feafures. An 
irrilab'ng nonproductive cough is frerjuent and is 
occasionally associatcrl with moderate hcmoptisis. 
Early in Uie second week rales may be detected in 
the basilar lung arcxis. These changes arc generally 
rickettsial rather than bacterial in Origin and re- 
spond to the broad-spectrum antibiotics but not to 
penicillin or sulfonamide therapy. Pulmonary con- 
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gcsb'on occurs In cJCtrcmely 111 and elderly patients. 

Accelerated pulse, hj-potenslon, and general cir- 
culatory weakness occur in this disease, nllhotigh 
less frequently than In patients s«th tlic more 
scN'cre epidemic tj’phus or Rocky Motmtaln spotted 
fever. The reader is referred to tlie chapter on 
Rocky Mountain spotted fe\'er (Chap. 171) relative 
to the details of the cardiosTiscular features. 

Neurologic Afnnf/esffltions. Headache is the most 
common neurologic manifestation of murine typhus 
and may dominate the clinical picture. It is frontally 
localized and continues into the second week of 
illness. In the early stages the facial expression is 
strained, and the patient resents distraction. Stupor 
and prostration may occur in the second ucek, and 
in sex ere eases there may be muttering delirium 
and c.xtrc*mc agitation, and coma similar to the 
more severe louse-borne tjphus. Coma in elderly 
patients after 2 weeks of illness presages death. 
Nuchal rigidity and general spasticity often suggest 
meningitis, although the spinal fluid is essentially 
normal except for slight increases in pressure and 
Ijmphocjtes (5 to 30 per cu mm). Transient par- 
tial deafness occurs occasionally in murine 1 ) 1 x 110 $ 
patients, but rarely u tlicre localized neuritis or 
licmiplegia. Neurologic sequelae arc unusual Chil- 
dren experience minimal neurologic changes. 

Other rhijsfeal Manifettatiom. During the first 
2 da)-s of illness the patient may be nause.atcd 
and vomit, but vomiUng later in the illness should 
arouse suspicion of an intcrcurrcnt complication. 
Abdominal pain, particularly in dehydrated pa- 
tients, is bothersome, and when associated with 
diarrhea responds to intravenous abmentation. A 
sluggish, constipated bowel is occasionally ob- 
served. Hepatomegaly and jaundice arc unusual. 
There is splenomegaly in approximately 23 per cent 
of patients 

rhofopliobf. 1 , retroociilar pain, suffusion of (he 
C)es, and congestion of the conjunctivas are com- 
mon manifestations but are less severe Uian in the 
other typhus and spotted fevers. Dehydrated pa- 
tients often h.iv 0 a furred, brown tongue and crust- 
ing of the gums and mucous membranes. 

Renal function is usually unaltered except in 
clilcriy patients with prolonged iiypotcnsion anti 
v.asctil.xr weakness. Under these circumstances In 
scnousl) ill p.iticnls, azotemia may develop to llic 
tlegrcc observed in epidemic t)phus. The blood 
tliltindcs arc low in severe murine typhus ns in the 
epidemic tvpc, h)-podilorcmia of SO rolJq per liter 
na) be observed. H)'poprotcincmia, resulting from 
iowered scrum albumin, is cncoiintCTcd. 

Course of Disease and Complieatians. After de- 
fervescence murine t)phus patients recover rapidly. 
Fatalities occur between the nintli and twelfth 
da)-s in elderly or debilitated patients, usually as a 


result of circulatory and renal failure, thrombosed 
blood vessels, or intcrcurrent infection. 

Complications are usually p)ogcnic, such as 
otitis mcdLi and parotitis, and a superimposed 
pneumonitis may be difficult to differentiate from 
pulmonary congestion. Fortunately the average 
course of murine tj’phus fever is quite uncompli- 
cated. 

Prognosis. Tlic mortality in murine typhus was 
low even before the introduction of modem spe- 
cific therapy. Only one death occurred in the IM 
cases studied by Maxey and none in tlie ISO re- 
ported by Stuart and Pullen 

DIITcrcntial Diagnosis. See the discussion in the 
cliaptcr on Rocky Mountain spotted fever (p 
109S). The geographic and sc.vsonal occurrence of 
murine typhus and spotted fever differ and may 
help in diagnosis. 

Treatment and Prevention. The therapeutic pro- 
cedures ore comparable to tliose used in spotted 
fev’er, which are described in detail on p 1098 
Cbloramphcnico) and the tetracycline antibiotics 
have each controlled the disease. 

Prevention of murine typhus fn man is attained 
by reducing the natural reservoir and vector by 
applying measures for eliminating rodents and 
employing DDT in rat-infested areas to control 
fleas. 
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EPIDEMIC (Louse-bomc) 
TXPHUS FEVER 
T. E. Woodward and 
J. E. Smadel 

Definition. The classical epidemic form of ty- 
phus is a se%"eie acute febrile disease caused by 
Rickettsia prowazeki and transmitted to man by 
the body louse. Intense headache, continuous py- 
rexia of about 2 weeks, o macular skin eruption 
appearing on about the fifth febrile day, malaise, 
and vascular and neurologic disturbances represent 
tlic principal clinical features. Confirmation of the 
diagnosis is made by demonstration of Proteus 
OX-19 agglutinins and of specific complement fix- 
ing antibodies in convalescence. The broad-speo- 
trum antibiotics are specific therapeutic agents. 

Etiology and Epidemiology. Tlic causathc mi- 
crobe, R. proicozeki, is closely related to R. moosert 
(R. iyphi) whicli causes murine typhus; indeed, the 
rivo haxe a number of common antigens. Rickeffsio 
proweacki was the first of the rickcttslas sborvn to 
liavc its own enzyme system, which permits it to 
respire independently of the host cell (Dovamick 
and Snyder, 1940). 

Mon generally is infected when rickcttsia-ladcn 
louse feces are rubbed into Utc broken skin; scratch- 
ing the louse bite facilitates this process. Pcdiculus 
humanus corporis, which is peculiarly adapted to 
man, is the only important vector of epidemic 
typhus. It dies of its infection and fails to transmit 
rickettsias to its offspring. There is no kno%vn ani- 
mal habitat of R. prowazeki; it is maintained by a 
cycle inTOlving man-lousc-man. New epidemics ap- 
parently originate from patients with Brill’s dis- 
ease (recurrent epidemic typhus). Inhalation of 
dust containing dried louse feces may rarely cause 
infection. 

Epidemic typhus, if uncontrolled, behaves as a 
cyclic disease in a susceptible population, extend- 
ing over a 3-ycar period. During the first year there 
is a gradual seeding of cases throughout the group; 
during the second there is epidemic spread; and 
during the third the epidemic tapers o5, because 
the majority of persons have already become im- 
mune. Outbreaks of epidemic typhus last occurred 
in the United States in the nineteenth century, and 
its presence is no^v recognized only in the form of 
Brill’s disease (see p. 1106). 

Clinical Manifestations. A classic clinical descrip- 
tion of Old World typhus is provided in Wolbadj, 
Todd, and Palfrey’s monograph of 1922. Epidemic 
typhus resembles murine typhus, but is more severe. 
After-an incubation period of about 7 days an 
abrupt onset of headache, chill, and rapidly mount- 
ing fever ushers in the illness. Cephalgia, malaise. 
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and prostrab'on continue unabated until the rash 
appears on the fifth febrile day. It is initially macu- 
lar in the axillary folds but ultimately invades the 
trunk and extremities as a pink, irregular macular 
lesion which becomes fi,xed, petechial, and conflu- 
ent in the later stages. 

Neurologic features range from headache and 
general spasticity to extreme agitation, stupor, and 
coma. Circulatory disturbances consisting of tachy'- 
cardia, hypotension, and cyanosis are more pro- 
found than those observed in murine typhus and 
are almost as severe as in Rocky Mountain spotted 
fever. Ultimately in untreated cases azotemia often 
reaches high levels as a result of vascular and renal 
failure, and death occurs late in the second week 
of illness. Furthermore, thrombosis of major blood 
vessels and cutaneous gangrene develop in a man- 
ner similar to that seen in the virulent form of 
Rocky Mountain spotted fever. 

'Tlie complications and sequelae in epidemic 
typhus arc more severe than those in murine typhus, 
but not so severe as tliose in Rocky Mountain 
spotted fever, However, during certain outbreak's 
epidemic typhus was fatal to 60 per cent of those 
infected, and convalescence in survivors was pro- 
longed. Broad-spectrum antibiotics have essentially 
eradicated mortality in this dread disease, provided 
therapy is instituted before irreversible changes 
have been established in the tissues. 

Dillcrcnlial Diagnosis. Difierentiatlon of epi- 
demic typhus from the various riekettsioses and 
otfjcr diseases with which it may be confused is 
described in Chap. 17I, Rocky Mountain Spotted 
Fever. The disease in epidemic form never occurs 
in the absence of lousiness in the general popula- 
tion. Under the conditions in which typhus epi- 
demics are hkely to occur other diseases which 
may cause confusion include malaria, relapsing 
fever, pneumonia, and tuberculosis. Classic typhus 
contracted by a previously vaccinated person is 
usually mild and may be clinically indistinguish- 
able from murine typhus except by serologic 
methods. 

Treotincnl and Prevention. Chloramphenicol 
and the tetracyclme antibiotics have each been 
found to be highly efficient therapeutic agents in 
epidemic typhus. IJsually the patient becomes afe- 
bnle after 2 days of treatment. The therapeutic 
procedures arc comparable to those used in spotted 
fever, which are described in detail on p 1095- 

The most effective measures for controlling epi- 
demic typhus are those which ehminate lousiness. 
DDT or lindane pow'der when dusted into clothing 
is suitable for this purpose. If resistant lice are 
found, malathione may prove effective. 

A commercially available vaccine prepared from 
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DISEASES DUE TO BIOLOGIC AGENTS 


formalin-treated infected yolk sac tissue is an ef- 

fechve immunizing agent. 
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negative, or positive in very low titer, fn Brill’s 
disease. The specific complement fixation reaction 
is valuable in establishing the diagnosis. The thera- 
peutic procedures arc comparable to those used in 
spotted fever, which are described in detail on 
p. 1098. 
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SCRUB TYPHUS 


•1 7^ BRILL’S DISEASE 
-L / U (Recrudcsccnt Typhus) 

T. E. Woodteard and 
J. E, Smadel 

Definition. Bnll’s disease is a rccnidescent epi- 
sode of epidemic typhus feser which occurs years 
after the initial attack. Nathan Bnll in 1898 ob- 
served a sporadic disease which resembled tjpbus 
fever among nonlousy inhabitants of New York 
City. Zinsser, in 1934, suggested on the basis of 
epidemiologic and immunologic considerations that 
this malady was a recurrent form of typhus en- 
countered in persons who had recovered from the 
epidemic disease while residing in countries where 
It was prevalent. Additional information has gradu- 
ally accumulated in support of this hypothesis. 

Murray and Snyder (1951) were successful in 
regularly isolating rickettsias indistinguisliable from 
Rickettsia pTOicazeki in lice fed on patients during 
the active stages of illness. 

Clinical Manifestations. Tlie clinical entity, not 
always mild, resembles epidemic typhus fever as 
pertains to character of rasli, circulatory dis- 
turbances, hepatic, renal, and nervous system 
changes. Rccorery is the rule. The Wcil-Felix reac- 
tion mlh the various Froteiis antigens is usually 


Definition. Scrub t)phus is limited to eastern and 
soutlicastem Asia, India, northern Australia, and the 
adjacent islands. It is caused by Rickettsia tsutsriga- 
musht and characterized by a primary lesion at the 
site of the bite of an infected mite, a fever of about 
2 weeks' duration, a cutaneous rash wluch develops 
about the fifth day, ond tho appearance late in tlie 
second week of agglutinins against the OX-K strain 
of Proteus baallus The broad-spectrum antibiotics 
are specific therapeutic agents 

Etiology. The agent of scrub typhus resembles 
other nckcllsias in its physical properties but dif- 
fers from them in antigenic structure, vector, and 
reservoir. The disease is transmitted by larvae of 
several spedcs of mites, especially Trombicuh 
akamushi and T. deliensis. These tiny chiggers at- 
tach themselves to the skin and during the process 
of obtaining a meal of tissue j'uice m.iy acquire 
infection from the host or transmit rickettsias to the 
vertebrate. The infection is maintained in nature b) 
a cyde involving mites and small rodents and by 
transovarial transmission in mites, human infection 
represents an aeddent attributable to propinquity 
Clinical Manifestations. About 10 to 12 d.'ij’S 
after infection, illness begins abruptly with chilli- 
ness, severe headache, fever, conjunctival injection, 
and moderate generalized lymphadenopathy which 
IS most prominent in the nodes draining the area of 
die primary lesion. 'Tlie initial lesion at the begin- 
ning of fever is evidenced by an erythematous in- 
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durated area 1 cm in diameter, surmounted by a 
multdoculated vesicle; within a few days the vesicle 
ulcerates and becomes covered w-ith a black crust. 

Fever increases progressively during the first 
week, generally reaching 104 to 105®F, but the 
pulse remains relatively slow, i.e., 70 to 100 per 
minute. The red macular rash, which begins on the 
trunk about the fifth day and spreads to the C-X- 
tremities, sometimes becomes maculopapular but 
usually fades in a few days. The course of the dis- 
ease and the complications resemble those of en- 
demic and epidemic typhus; however, interstitial 
myocarditis is more prominent than in the other 
typhus fevers. 

Prognosis, Prior to the introduction of the broad- 
spectrum antibiotics the mortality varied from 1 to 
60 per cent, depending on the geographic area and 
the virulence of the local strains of H. tsutsuga- 
tnushi, and convalescence was prolonged. With 
modem therapeutic methods deaths are extremely 
rare and convalescence is short. 

DiiFerenlial Diagnosis. Scrub typhus is to be 
differentiated from the other members of the typhus 
and the spotted fever group of diseases as well as 
from measles, typhoid fever, and meningococcal in- 
fections (see Chap. 171, Rocky Mountain Spotted 
Fever}. The geographic localization of scrub 
typhus, the primary lesion, and the occurrence of 
OX-X agglutinins are especially useful in estab- 
lishing the diagnosis. 

Treatment and Prevention. Chloramphenicol and 
the tetracycline antibiotics are valuable specific ther- 
apeutic agents in scrub typhus. The therapeutic pro- 
cedures are comparable to those used in spotted 
fever, which are described in detail on p. 1098. In 
fact, scrub typhus is more amenable to drugs than 
are the other lickettsial infections, since patients 
'vith this disease regularly become afebrile and are 
decidedly improved within 24 to 36 hr after begin- 
ning treatment, irrespective of the stage of disease. 

Prevention of disease in the individual is accom- 
plished by the application of miticidal chemicals 
(dibutyl phtlialate, benzyl benzoate, and others) to 
clothing and the skin. There is no satisfactory vac- 
cine. 
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Q FEVER 

T. E. Woodward and 
J. E. Smorfcl 

Definition. Q fever is an acute infectious disease 
caused by Rickettsia burnctl characterized by a 
sudden onset of fever, malaise, headache, weak- 
ness, anorexia, and usually an interstitial pneu- 
monitis. Bickettsemia occurs during the febrile 
period, and specific complement fixing antibodies 
are present during convalescence. In contrast to the 
other rickellsioses, the disease is not associated u'ltli 
a cutaneous e.xanthem or agglutinins for the proteux 
bacteria (Weil-Felix reaction). 

Etiology and Epidemiology. Rickettsia burnctl 
(Derrick, 1939) possesses the general properties 
of other rickettsias but is somewhat more resistant 
to inactivation in unfavorable environments and 
more pleomorphic than the others. Its infcctivity 
after drying under natural conditions is of im- 
portance in the spread of infection to man. Its plco- 
moiphism, which ranges from diploh.aciIIarj’ slruc- 
tiucs measuring 1.5 n in length to tiny spheres alwut 
0 2 /r in diameter, contributes to its filtcrability 
through Bcrkcfcld N candles. Tliis filtcrability led 
Cox (1939) to suggest the name R, dlaporica for 
the first American isolate, but the name u’as sub- 
sequently abandoned when this agent was found to 
be identical with that causing Q fever in Australia 
Rickettsia bumeti has a wide host range in nature, 
but guinea pigs and embryonaled eggs are the com- 
mon laboratory hosts cmploj’cd for its propagation. 
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Human cases of Q fe\‘cr are contracted by in* 
halation of infected dusts, by bandlmg infected ma- 
terials, and by drinking milk contaminated with 
R. hurneii Tlie disease in Australia is enzootic in 
animals, especially bandicoots, and is transmitted in 
nature by ticks. Rickettsia laden tick feces may con- 
taminate cattle hides, and inhalation of such ma- 
terial has caused infection in man. In the United 
States, a number of species of ticks are naturally 
mfected, among them Dermacentor andersoni and 
Amblyomma amerkamim, and in North Africa 
transovarial transmission of the agent in indigenous 
ticks lias been demonstrated by Blanc. Sheep, ^lats, 
and cows have been found naturally infected in 
North America and in Europe. Rickettsia bumeti 
has been recovered from the milk of such animats 
(Huebner et al., 1948, Caminopetros, 1948; Mar- 
mion and Stoker, 1950). Such milk, as well as in- 
fected ercretions from livestock, probably acounts 
for certain outbreaks of human disease wliich ap- 
pear attributable to inhalation of infected dust from 
bams and pens (Lennetic and Welsh, 1931). The 
method of spread of outbreaks of Q fever was not 
clearly established among stockyard workers m 
Texas and Illinois, wool processors in Pennsylvania, 
employees in a rendering plant in New York, and 
laund^ ssorkers in Montana who hauled dirty Imcn 
from a laboratory engaged in studies in Q feser. 
however, the air-bome route for dried contaminated 
material seems the most likely. A number of epi- 
demics have occurred among laboratory workers 
engaged in studies on H. burnetl in various institu- 
tions tliroughout the world. Tlie disease is not 
transmitted from man to man. 

Clinical Manifestations. After incubation of ap- 
proximately 19 clays (the range is 14 to 26) the 
disease begins with headache, chilly sensations, 
fever, malaise, myalgia, and anorexia For several 
days, the temperature ranges from 101 to 104®F; 
the entire course may not exceed 2 weeks and usu- 
ally ranges from 3 to 6 days. There may be wide 
fluctuations of the fever. Respiratory and gastro- 
intestinal symptoms are not conspicuous m the early 
stages. Headache and fever predominate A dry 
cough and chest pain occur after about 5 days, 
when rales ore usually audible. Rocntgcnographic 
findings indistinguishable from those of primary 
atypical pneumonia are present usually by the third 
to fourth day of disease, first as patchy areas of con- 
solidation mvolving a portion of one lobe, giving a 
homogeneous ground-glass appearance. These mani- 
festations persist beyond the febrile period and 
may appear in patients who are unaware of pul- 
monary involvement. Complications are rare, and 
coincident until defervescence tlie appetite begins 
to return, and convalescence progresses slowly for 

• oral weeks, during which time the principal 
hty is weakness. It is not uncommon for pa- 


SCASCS DUE TO BIOLOGIC AGENTS 
tients to loss 15 to 20 lb during the active stages of 
disease. Several investigators have emphasized tliat 
tlic disease may be protracted in approximately 20 
per cent of cases, with fever persisting for longer 
than 4 weeks, particularly in elderly patients. Oc- 
casionally relapse occurs, p.articularly in patients 
treated with antibiotics during tlie first several clays 
of disease. Moreover, hepatitis with the develop- 
ment of clinically detectable icterus occurs in ap- 
proximately one-third of patients with the pro- 
tracted form. 

Prognosis. The prognosis from the point of view 
of mortality is excellent, and few fatahtics have 
been recorded in the modem literature. Except for 
the patient with the protracted type of illness and 
hepatic invtilvemcnl, the course of disease is gen- 
erally uncomplicated and benign. 

Treatment and Control. The tetracycline anti- 
biotics and cliloramphenicol are effective in the 
treatment of patients with Q fever. Most pab'ents, 
when treated early in the course of disease, respond 
promptly and recov’er without relapses. The thera- 
peutic procedures are comparable to those used in 
spotted fever, which are discussed in detail on p 
1098. It should be emphasized that patients with 
hepatic involvement should receive careful atten- 
bon to their dietary requirement, particularly with 
relation to protein and carbohydrate intake. Oxygen 
is beneficial in patients vvith severe intersbtial 
pneumonitis. 
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Section 13: Introduction to Viral Diseases 


I '70 GENERAL PRINCIPLES 
1 / y AND CLASSnaCATION 

Robert R. Wagner 

Biologic Properties. Viruses are distinct biologic 
entities, but they are not organisms; this fact is 
basic to an understanding of viral diseases. Unlike 
bacteria and fungi, viruses are completely depend- 
ent for their existence on the cells A.nt they infect 
Immediately upon entering a cell, a virus loses its 
identity and becomes an integral part of the genetic 
apparatus of that cell. In Us extracellular form each 
virus has a recognizable shape, size, mass, and 
other distinguishing features that differ in many 
respects from normd cell constituents such as genes 
or enzymes. The smaD viruses are comparatii'cly 
simple macromoleculcs composed entirely of nucleic 
acid and protein. The larger, more complex viruses 
may also contain carbohydrates, lipids, enzymes, 
ana coenzymes. All viruses are surrounded by a 
protein coat and many, if not all, contain a distinct 
internal nudeoprotein. Together, these proteins im- 
part antigenic identity to each virus. 

All animal viruses contain either deoxyribonucleic 
or ribonucleic acid; none of the true viruses is 
known to contain both. In common with organisms, 
virus progeny resemble their parents except for 
mutations that occur spontaneously or under the 
influence of mutagenic agents. Two related voruses 
that infect a single cell may also mate ivithin that 
cell and give rise to progeny that are identical to 
neither parent. This process is known as virus re- 
combination. New genetic forms, that arise by muta- 
tion or recombination, may have new antigens in 
their protein coats or may be capable of infecting 
different hosts or tissues. 

Infection at the Cellular Level. The major con- 
tributions to our knowledge of the nature of virus- 
cell interactions have come from the study of 
bacteriophages, viruses that infect bacteria SimilaT 
techniques are being devised for the study of 
animal viruses. It is now known that viral infection 
occurs only after random collision behveen a virus 
particle and a susceptible cell. The concept of 
virus tropism, implying attraction of virus to a 
particular cell, is no longer tenable and should be 
discarded. Once attach^ to the cell surface, a 
bacterial virus injects its nucleic add into the cell, 
whereas the entire animal virus particle enters the 


cell by a process known as efropexis. Thereafter, 
the protein coat of the infecting virus plays no role 
in the infectious process. 

After penetration into a susceptible cell, virus 
nucleic acid imparts ne^v genetic information to 
that cell. In general terms, the virus nucleic acid 
diverts tlie normal biosynthetic pathways of the 
cell to the production of virus nucleic acid and virus 
protein. These new genetic and metabolic processes 
occur at the expense of, but not necessarily to the 
exclusion of, synthesis of cellular nucleic acid and 
protein. Virus nucleic acid and protein are formed 
separately inside the cell during the stage of in- 
fection known as virus eclipse. At this stage, in- 
fectious virus cannot he extracted from die cell, nor 
can virus particles be seen by electron microscopy. 
Only later in the course of infection are the in- 
dependent nucleic acid and protein moieties assem- 
bled within the cell to make mature virus particles 
which the cell may release and which ate capable 
of Infecting other cells. Under certam conditions 
(such as infection of mouse brain with most strains 
of influenza virus) nucleic acid is not readily in- 
corporated into the protein coat, resulting in tlie 
formation of “incomplete" or nomnfectious virus 

Different viruses mature in different parts of the 
cells that tliey infect. Herpes simplex virus and 
adenoviruses, for example, form within the nucleus 
as a cryslallme array in which the individual virus 
particles assume a regular pattern when viewed by 
electron microscopy. These crj’stals are the intra- 
nuclear inclusion bodies seen in stamed cells. In 
contrast, influenza and other myxovinises develop 
at the periphery of the cell just under the c)’te>- 
plasmic membrane. As they mature, myxovirus par- 
ticles extend from the cell surface as fingerhke pro- 
jections, which then detach to become extracellular 
virus. 

Certain otlier cytopathologic changes appear to 
be common to many viral infections. Dissolution of 
nudeoli and clumping and roargination of chromatin 
are frequently seen within the nucleus. Ribonucleic 
acid granules often appear in the cytoplasm and 
are extruded into the surrounding medium. Eventu- 
ally, the cytoplasm may disappear, leaving a 
densely staining pyknotic nucleus. However, not 
all viral infections result in cell death. Measles virus 
can also spread to contiguous cells by inducing 
fusion and dissolution of cytoplasmic membranes. 
This process leads to the formation of multinu- 
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dealed sjTicjlia, or giant cells, which are diarac- 
teristic of infection with measles and certain other 
viruses. 

Pathogenesis. The events that occur during the 
course of viral infection in a single cell do not differ 
in any important respect from the sequence of 
events that leads to infection of a multicellular 
organism, induding man. To initiate an infection, a 
virus must make contact with a susceptible cell in 
the lespiraloT)' tract, intestine, skin, eye, or mucous 
membranes. Neivly formed virus is then released 
and transmitted to adjacent cells at the primary 
focus. Certain viruses remain localized to the orig- 
inal site of infection and draining lymph nodes. 
Others invade the blood stream, usually by way of 
lymphatics, and arc disseminated to distant organs. 
Viremia is often accompanied by prodromal mani- 
festations A secondary cycle of infection may then 
be established at single or multiple tissue sites. 
WTiether infection remains localized or becomes 
generalized or whether localized or systemic Infec- 
tion results in disease is determined largely by the 
genetic constitution of tlie virus and of the host. 
Immunologic responsiveness, other host factors, the 
infecting dose, and environmental conditions may 
also determine the outcome of infection. 

Most viral infections of man do not cause recog- 
nizable disease. The term virulence is an erpressioo 
of the disease-producing capacity of a particular 
virus that Infects a particular host Vuulencc usu- 
ally reflects the degree of tissue damage caused by 
the infection, which in turn is a function of the 
degree to which tlie virus multiplies. A stram of 
poliovirus, for example, is said to be virulent for 
man if infection of the intestine leads sequentially 
to viremia, dissemination to the central nervous 
system, multipLcation of virus in anterior horn cells, 
cell death, and paralysis in a high proportion of 
cases. 

Tissue reactions to viral infections vary from 
rapid cell destruction to indetcctablc histologic 
changes. Inflammatory responses are usually char- 
actenzed by the presence of macrophages, but 
polymorphonuclear leukocytes may predominate 
after infection with viruses that cause extensive 
tissue necrosis or hemorrhage, llcmorrhapc lesions 
often signify invohement of endothelial celts. AI- 
tliough the extent of tissue damage, and hence ihe 
sc^e^lty of the disease, varies considerably, the 
types of responses to different viruses are often 
quite similar. For example, many viruses can infect 
the meninges and produce virtually indistinguish- 
able clinical syndromes of aseptic meningitis (see 
p. 1137). Consersely, a single virus such as On- 
sacVic B may cause a variety of illnesses ranging 
from fatal myocarditis, pleiirodyma, meningitis, and 
‘ alitis to nonspcciGc fevers. 


Rather than causing tissue necrosis, certain 
viruses can stimulate cellular proliferation. Vac-, 
dnia virus may sometimes induce hyperplasia, and 
influenza virus regularly causes squamous meta- 
plada of bronchial epithelium. Hundreds of viruses 
have now been found to be capable of causing neo- 
plasms in animals. The Stewart-Eddy polyoma virus 
has been particularly well studied and has been 
found to be responsible for widespread epizootics of 
malignant tumors in mice. Polyoma virus is also in- 
fectious for other rodenb, including newborn 
hamsters which may develop sarcomatous lesions 
of virtually any organ weeks or months after sub- 
cutaneous Inoculation. Neoplasbc viruses witli 
widely varying biologic properties have been iso- 
lated from vertebrate species ranging from fish to 
primates. Thus far, only warts have been proved to 
be vnnis-indueed tumors of man. It will be sur- 
prising if more human neoplasms are not found to 
be caused by viruses. 

Classification. Virologists have been slow to 
accept taxonomic systems, but a movement to 
classify viruses by genera and species has been 
gaining ground. Croup classification is based 
largely on physical, chemical, and biologic proper- 
ties, whereas subdivision within major groups is 
most logically based on antigenic composition. Al- 
though names of viruses arc often derived from the 
diseases that they cause, classification based on 
disease alone is unrealistic. However, it Is feasible 
and convenient to categorize viruses that infect 
roan by their portal of entry and initial site of roul- 
tipIicaUon. Such a system has the advantage for the 
cbnictan of characterizing viruses by their usual 
mode of transmission and epidemiology. Table 
179-1 lists the most common viruses infectious for 
man under the generic names that are most widely 
accepted and summarizes some of their sah’eat epi- 
uVraioibgi'c, cu^furaf, and ciimcaf ifeatUres. /n gen- 
eral, the large and complex viruses are listed first, 
followed in descending order by the smaller and 
simpler viruses. The agents that fall into the psitta- 
cosis group are classified as viruses only by custom; 
tJicy belong more properly with the rickcttslas. It 
should be emphasized that the classification offered 
here is tentative and meant only to be a guide lliat 
will be modified by future studies. This system is 
frankly anthropocentric and fails to account satis- 
factorily for ail phj-sical and chemical differences 
among viruses. Tlie reader is referred to the classi- 
fication of animal viruses proposed by Cooper 
(1961), which is based-wholly on nucleic add 
t}pe (DNA or RNA), sensitivity to ether (lipid 
content), size, and antigenic relationships. 

Immunity to Viral Diseases. Acquired resistance 
to viral infections may take several forms. Probably 
the most important is specific immunity induced by 
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natural exposure to a virus or by vaccination. The 
presence of antibody in the circulation and extra- 
cellular fluids ser^'es as a barrier to cross infection 
of cells and, therefore, limits virus muldplication. If 
reinfection with the same or an antigenically related 
virus occurs even after a long interval, a prompt 
anamnestic response often prevents spread of infec- 
tion from the primary focus and the host’s reaction 
to infection is mild or asymptomatic. Similarly, 
viruses that persist in the tissues for many years 
after a primary infection are prevented from caus- 
ing widespread disease by continual formation of 
antibody. Secondary herpes simplex, for example, 
usually remains localized to the h'ps rather than be- 
coming disseminated as may occur in primary in- 
fection. 

Factors other than antibody production also in- 
fluence the outcome of infection on first exposure 
to a vims. It is a common experience to find that 
the acute manifestations of a viral disease have 
abated before neutralizing antibody can be de- 
tected in the circulation, hloreovcr, children with 
agammaglobulinemia have been noted to recover 
from measles, mumps, cbfekenpox, poliomyelitis, 
and viral respiratory infections in the same manner 
as do normal individuals. Furthermore, these chil- 
dren rarely show evidence of reinfection with a 
virus, in contrast to their tendency to undergo re- 
peated infections by the same bacteria. However, 
t'accinia gangrenosa and severe viral hepatitis ap- 
pear to be unusually frequent in children with 
agammaglobulinemia. 

A form of immunologic tolerance may play a 
significant role in resistance to congenital viral in- 
fections. Mice infected in utero, or a few hours 
alter birth, with l)'mphocytic dioriomcningitis virus 
resist reinfection %vith the same virus for many 
months. These resistant animals form no antibody 
to tlie virus even though viremia persists throughout 
their lives. An analogous situation may obtain in 
congenital infections of man with salivary gland 
virus. This virus often lies dormant in the tissues 
for many years without causing cytomegalic indu- 
sion disease or other manifestations of infection. 
Only Avhen virus appears in the urine or saliva, sug- 
gesting loss of resistance, can antibody be regularly 
detected in the circulation. 

Infection with one vims may also confer re- 
sistance to infection with an antigenically unrelated 
vims, a phenomenon knowu as ural Interference. 
This observation is of practical significance in 
scheduling the sequence of oral s’accination with the 
Sabin strams of attcnu.ated poIioWmses. If all three 
pohovims t)-pcs are administered together, Upc 2 
may inhibit enteric multiplication of the other two 
types, uith consequent depression of antibody re- 
sponse to them. Latent enteric infection wiUi ECHO 
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or other enlcrovimses has also been noted to 
prm’ent infection wth vimlent poh'onmseJ- Ex- 
perimental studies indicate that viral interference 
is caused by a nonviral protein, called tnfer/cron, 
which is produced by infected cells. The suggestion 
has been made that recovery from certain viral in- 
fections may be attributable to endogenous produc- 
tion of interferon. 

Vaccination. Purified concentrated \ams inac- 
tix-aled by formalin or attenuated infectious vims 
can be used as vaccines. Their success depends, in 
large measure, on the antigenic mass originally in- 
jected or on the multiplication of attenuated virus 
to equivalent titers. Repeated administration is 
often required, and even then, immunity is likely to 
be less pronounced and of shorter duration than that 
following recovery from natural infection, 

The efficacy of a vaccine is judged from several 
standpoints. The first consideration is its safety for 
those receiving it and for their contacts, Secondly, a 
vaccine must induce a significant antibody response 
and, in so doing, reduce morbidity and mortality 
after natural exposure to the virus. Rarely is pre- 
vention of infection per se considered to be an 
important goal of vaccination. In fact, asymptomatic 
infection after vaccination can serve to enhance and 
prolong the immune response. 

Administration of attenuated poliomyelitis and 
Influenza virus has also been advocated to halt 
epidemics in progress. The rationale of this proce- 
dure is to replace the vimlent vimscs with at- 
tenuated strains by the mechanism of viral inter- 
ference. However, additional supporting data are 
required to prove that vaccination is efficacious in 
terminating viral epidemics. 

Persistence and Lalcnc>’. Many vimses persist in 
host tissues for months or years without causing 
overt disease. A flare-up of these latent infections 
may be induced by trauma, intercurrent disease, 
dedine in antibody titers, or unknown stimuli. Ex- 
periments with tissue cultures and laboratory ani- 
mals reveal that persistence of virus in tissues results 
from an interplay of various factors peculiar to 
eacli virus and its host. Latency is promoted by the 
presence of antibody or other viral inhibitors that 
prevent extensive cell-to-cell spread of \nnis. If 
antibody is withdrauu, virus multiplication often 
resumes, witli concomitant cellular necrosis. Other 
extracellular factors, such as temperature and elec- 
trelj-tc concentration, may also promote virus per- 
sistence. Congenital viral infections tend to be 
latcrrt for lor\g jrcriods of time, possibly through tlie 
mechanism of immunologic tolerance. One of the 
most important causes of virus persistence is 
thought to result from endogenous production of 
interferon by chronically infected cells. App.irently, 
an equilibrium can be established in tissue culfure 
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TtthU 170-}. K CLASSIFICATIOH OF VIBUSES THAT INFECrt MAN 
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when a small proportion of the cells in a popula- 
tion produces infectious virus and the same or 
different cells produce interferon. 

Diagnosis. Although similar in principle to diag- 
nostic bacteriology, laboralorj' diagnosis of \nral 
diseases often enlafls procedures that are far more 
time-consuming and cosily. Therefore, the decision 
to undertake virus diagnostic studies must be based 
on sound clinical judgment and a carefully reasoned 
es'aluation of the public health implications of the 
disease in question. Specimens sent to the wius 
laboratory as part of a “complete” diagnostic 
work-up are usually ^■alueless. The laboratory pro- 
cedures to be followed vary considerably for differ- 
ent viral diseases and frequently depend on the 
duration of illness and whether the infecUon has 
occurred sporadically or during an epidemic. The 
virologist often relics hcawly on Imowlcdge of 
diseases endemic in a community, their seasonal 
incidence, the geographic distribution of certain 
viruses, and the potential animal rescr%oirs and 
insect vectors of an area. The presence of charac- 
teristic histopathologic lesions may contribute more 
to a retrospective diagnosis of diseases such as 
rabies, )’ellow fever, measles, cytomegalic inclusion 
disease, and poliomyelitis than sviU be gained by 
virus isolation and serologic studies. The diagnosis 
of infectious hepatitis, German measles, and several 
other viral diseases is based entirely on clinical or 
pathologic findings. 

Tile adsent of tissue culture and cell culture 
methods has greatly facilitated Isolation of certain 
viruses (see Table 179-1). Standard cell strains 
originating from human carcinomas and monolayer 
cultures of monkey kidney epithelial cells have 
been particularly useful for cultivation of entero- 
viruses, adenoviruses, herpesviruses, myxo\’inises, 
and some of the common exantliematous viruses. 
However, because of variation in cellular suscepti- 
bility to viral infection, it is often essential to choose 
the type of tissue culture on the basis of the virus 
anUcipated to be present. Despite continuing ad- 
vances in technique, viruses are generally difficult 
to isolate and even more difficult to identify- Some 
cause characteristic cytopalhology in culture, but 
cellular reactions to others often lack specificity. 
The hislochemical technique of immunofluorescence 
is another reliable means for rapid identification of 
virus antigen wthin cells. 

A serious problem in diagnostic virology is the 
frequency with which uninoculaled tissue cultures 
are contaminated with latent viruses that may in- 
duce cytopathic effects indistinguishable from those 
caused by the virus one is attempting to isolate. 
For example, cultures of renal epithelium from 
presumably healthy monkeys often contain measles 
or other viruses. Another major difficulty stems from 
the observation that feces and nasopharjTigeal se- 


cretions may contain viruses other than, or in addi- 
tion to, those originally suspected of causing a 
patients illness. To cite but two examples, the 
ECHO viruses were discovered during investigative 
studies of poliomyehtis, and some of the parainflu- 
enza viruses were originally isolated during an 
influenza epidemic. In several instances, identifica- 
tion of new viruses has led to recognition of new 
disease entib'es, the existence of which had not 
been suspected on clinical grounds alone. 

Final identification of viruses and tlie diagnosis 
of viral diseases almost invariably depend on im- 
munologic tests. Each diagnostic laboratory main- 
tains a supply of viral antigens and standard refer- 
ence antiserums. ^Vhen a virus is isolated, it is 
identified in terms of its immunologic reactivity 
compared with k-noum viruses. The most useful 
serologic procedures in virologj' are complement 
fixation and neutralization of infectivity. Virus 
neutralization is the most sensitive immunologic 
test yet devised, because a single molecule of anti- 
body can theoretically be detected by this metliod. 
Precipitin reactions in fluid medium or by agar gel 
diffusion can be performed only with highly con- 
centrated preparations of virus and specific anti- 
body. For those viruses which readily agglutinate 
eiythroc)'tes, such as the myxoviruses, antibody can 
be assayed by hemagglutination fnliibition or by 
hemadsorption inhibition. It is important to keep in 
mind that different serologic tests may measure 
different antigenic components of the same virus 
All 30 members of the adenovirus group, for exam- 
ple, share a common complement-fixing antigen, but 
each can be typed by specific neutralizing antibody. 

In the final anal) sis, only an antibody response in 
the host constitutes definitive evidence of infection 
with a specific virus. Therefore, it is essential to 
obtain serum specimens at properly spaced in- 
tervals. The result of a single serologic test is often 
misleading because it may be impossible to deter- 
mine whether the antibody is a response to infec- 
tion in the recent or distant past. 
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Section 14: Viral Diseases of the Respiratory 
Tract 


1 on COMMON RESPIRATORY 
iOU DISEASE (Including 
Viral Pneumonia) 

AUo E. Feller 

The acute respiratory infections may be con- 
sidered as a spectrum of clinical conditions with 
gradations from mild or minimal involvements of 
the respiratory passages to prostrating dlnesscs with 
or without pulmonary infiltration. The spcclnim 
encompasses certain well-lcnown specific infections, 
i.e., influenza, beta-hemolytic streptococcal infec- 
tions, and the bacterial pneumonias. But the greater 
part of the spectrum, In terms of frequency of oc- 
currence of cases, is comprised of the large group 
of illnesses variously called the common cold, 
coryza, head cold, nasopliarjTigitis, larjugitis, 
catarrhal fever, flu, grippe, tracheitis, bronchitis, 
primary atypical pneumonia, virus pneumonia, etc. 
The term common respiratory disease is employed 
m this chapter to refer collectively to this large and 
heterogeneous segment of the acute respiratory in- 
feebons. 

Despite extensive investigation of these infec- 
bons, relabvely little is yet Known about their rela- 
tionships and causation. The problem of the com- 
mon respiratory diseases might be presented from 
the clinical, ebologic, or epidemiologic point of 
view. None of these approaches is sabsfactory at 
present because of insuiBcient data. But data are 
accumulating rapidly; some 70 viruses, either 
directly or indirectly related to respiratory iDness, 
have been isolated. Studies show that most of the 
so-called clinical entities may be caused by any 
-one of several viruses and that infection witii one 
.. of. these viruses may produce a clinical picture vaiy- 
rom inapparent to severe. 


'The ultimate aim is to consider the various re- 
spiratory illnesses in terms of the agents that cause 
them- flow ever. It is unusual to be able to make an 
ctlologic diagnosis from the chnfcal picture, and 
laboratory tests for many of the known agents are 
not available except in a relatively few laboratories. 

Occurrertce 

The common respiratory diseases arc world-wide 
in distribution, and no geographic area is known to 
be consistently free of them. Certain isolated com- 
muniUcs have been without respiratory illness for 
variable lengths of time, but resumption of inter- 
course with the outside world usually is followed by 
its reappearance. It is commonly believed that 
respiratory diseases are less prevTilent in llto warmer 
areas of the earth, but there are InsiifBcient data to 
determine whether the presumed difference is due 
to an actual decrease In attack rate, to the occur- 
rence of less severe illnesses, to less crowding in 
the tropics, or to other factors. 

Viral respiratory disease is seasonal. In tlie tem- 
perate zone, waves of increased prevalence occur 
m the fall, winter, and spring. 

The respiratory diseases are highly prevalent in 
tlio United States. Data from industry show that 
they arc among the leading causes of absenteeism 
from work. Most persons have two or three acute 
respiratory infections each year. 

rpidemiologi/ 

Since ircognih'on of the common respiratory dis- 
eases is dependent mainly upon clinical features, 
epidemiologic concepts arc applicable only to the 
problem as a whole. Nevertheless, certain concepts 
have become established and may he summarized as 
follow's: 

1. The air-bomo route of transmission appears to 
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Table 1S0~!. newly isolated vinusEs which CAt^ 
hespibatory diseasc 


Name 

Synonyms 

Associated disease 

Parainfluenza 1 

IIA 2, ' 

Send.ai, 
UV J, in- 
fluenza D 

Pneumonia, croup, up- 
per respiratory illness 
of varying severity 

Parainfluenza 2 

CA 

Laryngotraclicobionchi- 
tis, croup 

Parainfluenza 3 

HA 1 

Croup, pneumonia, up- 
per respiratory illness 
of varying severity 

Respiratory i 

syncytial 

CCA, RS 

Bronchopneumonia, 
larjTigotrachcobron- 
chitis, bronchiolitis, 
acute respiratory' ill- 

20CO, jn 

TECHO 28 

Coryza, mild, with or 
without fever 


be an important, but not necessarily the only, mode 
of transfer. 

2. "Carriers” or individuals with \ery mild illness 
are capable of transmitting respiratory infections. 

3. Highest attack rates occur in children under 
the age of live jTars. Infants under the age of one 
year have relatively low rates. The lowest attack 
rales occur in the second decade of life. The curve 
rises slowly to a small peak in the ages from twenty* 
five to tlilrty*five years and then gradually declines. 

4. In segregated populations, such as military 
recruits or boarding school children, a wave of 
respiratory infections may sweep through the popu- 
lation shortly after the individuals are brought 
together. Tliese outbreaks are followed by mass in- 
susceptibility, which can last for months or even 
jears. The explanation for this “seasoning" is not 
entirely clear, but aging and immunologic phe- 
nomena are probably important factors. 

5. Rigorous life or exposure to inclement weather 
per se is not an important factor in provoking the 
occurrence of the common respiratory diseases. 

6. An increased prevalence of the common re- 
spiratory diseases is often associated with an in- 
creased occurrence of the bacterial pneumonias. 

. CLASSIFICATION 

Clinical classification of the common respiratory 
diseases presents a difficult problem because (1) 
the cbnical picture in individual cases often is not 
distinctive and may not diSer from that of several 
specific diseases (for example, influenza A) and (2) 
when studied in the mass, the illnesses present 
smooth gradations in severit)', rather than sharp 
differences, and there are many combinations of 
symptoms and phjsical signs. 
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The most useful clinical classification employs as 
criteria tile site of localization of the prominent 
sj-mptoms or physical signs, the seventy of illness, 
the presence of exudate in the thorax, and the 
presence of pneumonia: 

CLASSIFICATION OF COMMON 
RESPIUATOBY DISEASE 

1. Common cold 

2. Acute undifferentiated respiratory disease (ARD) 

3. Nonbactcrial pharyngitis or tonsillitis 

4. Primary atypical pneumonia 

It should be emphasized that this classification 
is artificial and is employed mainly for convenience 
in describing the disease picture. Many patients 
With common respiratory disease present manifesta- 
tions which cannot be assigned clearly to any single 
group. 

Etiology 

Many viruses have now been isolated from the 
respiratory tract secretions of patients with respira- 
tory infection. Table 180-1 lists the viruses for 
which sufiScient data are available to indicate that 
tliey cause respiratory disease. The parainfiuenza 
viruses have been studied mostly in infants and 
children and have been found associated with 
severe respiratory illnesses but also have been 
found in milder and even inapparent infections m 
children and adults. Parainfluenza 1 has caused an 
epidemic of infiuenza-like illnesses in Russia. Re- 
spiratory syncytial virus also has been related to 
relatively severe pneumonic illnesses in children, as 
well as to illnesses apparently confined to the upper 
respiratory tract. The 2060 and JH viruses are 
either identical or closely related and have been 


Table iSO-2. newly isolated viruses which jiay be 
ASSOCIATED WITH COMMON RESPIRATORY DISEASE 


Nome 

Synonynn 

Associated disease 

ECHO 11 

Philipsou's 

Nondiphtberitic croup, 


U virus 

? common cold 



Pharyngitis, common 
cold, illnesses quite 
mild 

Uncertain 

Iteoviruses, 

1 

ECHO 10 

types 1, 2, 
and 3 

Salisbury' com- 

H-GP., 

1 Common cold 

mon cold 

P.K., 


wuses 

F.E B. 


Parainfluenza 4 

M 25 

Mild upper respiratory 

JVl 

ECHO 20 

illness 

Children with respir.a- 



tor>’ and/or gastro- 
intestinal illness 
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associated mainly with the common cold althou^ 
they account for only a small proportion of the total 
number of colds in the population. Table 180-2 
lists the viruses which may be associated with com- 
mon respiratory disease, but data arc too limited to 
be certain of their role. The Salisbury common cold 
viruses have been induced to grow in tissue cul- 
tures and will undoubtedly be studied intensively. 

ADENOVIRUSES 

Tliese agents have been variously called the AD, 
APC, or RI viruses but are now widely known as 
the adenoviruses. They have been isolated from a 
variety of diseases. They are associated wnlli certain 
clinical entities with regularity, but it should be 
remembered (1) that the clinical syndromes to be 
noted are not alwajs due to adenoviruses and (2) 
that a particular type of adenovirus may cause a 
certain illness in one person and an entirely differ- 
ent chnical picture, or no illness, in another. Uni- 
formity of illnesses is more often observed in epi- 
demics than in sporadic adenovirus infections. 

Eighteen or more types have been isolated from 
human sources and can be distinguished by specific 
ontibody neutralization. All strains share a com- 
mon complement-fixing antigen Thus, human infec- 
tion by these viruses can be recognized serologically, 
employing acute-phase and convalescent-phase 
senims Isolation of the agents from respiratory 
secretions employing tissue cultures can be carried 
out but IS less reliable for diagnosis than serologic 
methods. 

The clinical entitles and the t^pcs of adenoviruses 
found in association with them arc presented in 
Table 180-3 Adenoviruses, principally types 1, 2, 
and 5, have also been isolated from SO per cent or 
more of tonsils and adenoids which have been sur- 
gically removed. Tlie significance of this finding 
remains to be determined. In addition, serologic 
surve)S of civilian populations have shown that by 
middle age more than 50 per cent of persons have 

Table ISOS. ADE.\ovinvsEs and DiasasB 
Type3‘ Auocxatcd iuease 

3,4,7,14 Acute respiratory disease of 

military recruits (ARD) 

1, 3, 7A Pneumonia in iafacts 

3, 4 , 7, 14 PneumomainadulUnitbaeute 

respiratory disease 

1, 2, 3, 4, 6, 0, 7A, 14. .. rhar>T3giU.<' and pharyngocoD- 
junctival fever 

2, 3, 4, 6, 7A, 0, 10, 15 . . Pollicular conjunetintis 

3, 8, 7A.. Dpidcmic kcratoconiunctivitia 

(EKC) 

Tiie tj-pes in boldface arc roost commonly found in 
indicated disease. 
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antibodies to four or more types and 80 per cent of 
children may have antibody to at least one t)’pe by 
the age of five years. However, less than 3 pci 
cent of all respiratory illnesses in dvilian popular 
tions are caused by adenoviruses when the indi' 
vidual illnesses are studied by laboratory methods. 
In military recruits, the adenovinises, especially 
types 4 and 7, are the most important cause of 
acute respiratory disease (ARD). As many as 80 
per cent of rocruits may be infected in winter 
monUis and 20 to 40 per cent may require hospital- 
iz.ition. Why such epidemics do not occur in 
civilian populations remains a mystery. Adenovirus 
phatyiigitis, pharyngoconjunctival fever, and fol- 
licular conjunctivitis may occur in epidemics, espe- 
cially in summer camps for children. Adenovirus 
pneumonia is roost often associated with acute 
respiratory disease of recruits but has been de- 
scribed in children. A few cases hav'e been fatal 
in children. Type 8 has been found so regularly in 
epidemic keratoconjunctivitis that it may now be 
accepted as an etiologlc entity. 

COMMON COLD 

Definition. The common cold is an acute infection 
of the upper respiratory tract in wliich coryza is 
the prominent feature, Constitutional s)’7nptom8 are 
characteristically mild, and there is little or no 
fever. The acute symptoms usually last for only a 
few days. 

Etiology. Data now indicate that there are multi- 
ple agents, presumably viruses, wliich can cause the 
common cold. Extensive studies have shown that 
the common cold can be transmitted to volunteers 
by using bacteria-free filtrates of respiratory tract 
secretions. Curiously, the attack rate in these ex- 
periments rarely has exceeded about 50 per cent. 
Attempts to isolate viruses from such filtrates have 
gener^y been unsuccessful, but certain of the 
Salisbury common cold viruses have now apparently 
been propagated in tissue cultures. Several of the 
viruses listed in Tables 180-1 and J80-2, particularly 
the JH and 2060 viruses, hav’e been associated with 
the common cold by means of virus isolations, anti- 
body studies, and inoculation of volunteers 

Mamfestations. The onset is gradual, >vith a 
sensation variously described as irritation, drymess, 
rawness, or tickling in the n.'isopliarynx or the nose. 
Frequently, chilliness or malaise accompanies the 
local discomfort. During the next 24 to 48 hr, symp- 
toms progress to those of the "full-blown" cold 
(Fig. 180-1). There are coryza, sneezing, nasal 
obstruction, thin nasal discharge, and watery eyes. 
Malaise, lassitude, chilliness, headache, and the 
subjective feeling of feverislmess with little or no 
change in body temperature add to general dis- 
comfort and irritability. Patients may be desenbed 
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DAY OF DISEASE 
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Fio. 180»1. Cbnlcal chail o! a patient with a common cold. (Commission on Acute Respiratory Diseases, Fort 
Bragg, N.C., J. Clm. Incest., 2Q;950, 1947.) 


os not feeling well enough to work elBcienlly but 
not sufficient^ ill to submit to bed rest. During the 
next 2 or 3 days, systemic symptoms gradually sub- 
side, the nasal ^sebarge becomes mucoid or puru- 
lent, the corj-za and nasal irritation become less 
ttcjublesome. Some discharge may persist for several 
days, or even for weeks; the frequency with which 
complicating paranasal sinusitis contributes to this 
picture is not certain. 

On physical e.xamination, the nasal mucosa is 
reddened and edematous and nasal discharge is 
usually obvious. The nares may be reddened or 
excoriated, and slight tenderness over tlie maxUJary 
and frontal sinuses is frequent. 

Laboratory Findings. The leukocyte count and 
erythrocyte sedimentation rate ate normal. Cnltiiics 
of the nasal secretion, nasopharynx, or oropharynx 
usually reveal the bacleru which are comiaon ia- 
habitants of these areas. The urine is normal. 

DilTercntial Diagnosis. During the first 24 or 48 
hr of illness, it may be difficult to distingobh the 
common cold from the prodromal symptoms of the 
acute exanthems, particularly measles. Coryzal 
symptoms or signs in a young person should always 
lead to a search for Kophk spots and to inquuy 
about possible exposure. 

The sudden onset of sneezing, itching in the nose, 
and lacrimatJon, characteristic pale, hog©' appear- 


ance of the turbinates, and a history of similar 
episodes are features which suggest allergic rhinitis 
rather than the common cold. 

ACUTE VNDIFFEEENTIATED 
RESPIRATORY DISEASE (ARD) 

Definition. Acute undifferentiated respirator)' dis- 
ease is an infection of the respiratory tract in which 
constitutional symptoms and fever arc prominent 
Respiratory symptoms are likely to be localized to 
the throat, trachea, or bronchi and tend to be rather 
mild. The illnesses in this group differ from the 
common cold in that they are more severe, and 
sy'stemic manifestations predominate. As employed 
here, the term acute undifferentiated respiratory 
disease includes the illnesses commonly called 
"grippe'' or “ffu" but does not meJude inBuenza A 
or inQuenza R. 

Etiology. In military recruit populations where 
rile disease is particularly common and often occurs 
in epidemics, die adenoviruses, types 4 and 7, and 
to a lesser degree, type 3, are tlio cause of most 
but not all such illnesses. In some outbreaks, only 
a small proportion of cases of clinically similar dis- 
ease can be shown to l>c caused by tlicso xnniscs. 
In civilian populations sexcral studies have reveak*!! 
that adenovirus infections constitute a scry small 
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Fto lSO-2 Clinical chart of a patient witii acute undifferentiated respiratory disease. (Commisrion on Acuto 
Resptratonj Dismsce, Fort Bragg, N.C., }. Clin. Incest., 26.939, 1917.) 


proportion of acute unJiffcrentfatecf respiratory dis- 
ease Tile ctiologic role of the viruses listed in 
Tables 180-1 and 180-2 is as >et unknown. Some 
illnesses, both naturally Occuning and induced in 
volunteers, associated with the parainBuenza vi- 
nises, have had syinptoms and signs compatible 
with the clinical picture of acute undilFerentialcd 
respiratory disease. 

Manifestations. The onset is gradual. The promi- 
nent constitutional symptoms are fevenslmess, dill- 
llness, and headache; in addition, malaise and ano- 
rexia are present in approximately 50 per cent of 
the patients. Tlie amount of fever varies, but the 
temperature axerages 101*F. Sore throat, with dis- 
comfort rather than actual pain on swallowing, is 
the earliest and most salient respirator)' symptom. 
Hoarseness, cough, and discomfort in the chest are 
frequent Nasal discharge and sneezing are usually 
minor. Fever and malaise generally subside by the 
third day, but sore throat and hoarseness often per- 
sist for a few days, and it is not uncommon for 
cough to persist for one or more u'ceks. 

^h)sical signs arc not characteristic. The pharynx 
fauces may be moderately reddened, with 
ii'nent lympfioicf fofficfcs. There is usually no 
yngcal exudate. Tliere is often mild ccrxlcal 
iliadcnitis. The longs are usually clear, but 


there may be tenderness or soreness to pressure 
over the sternum. Pneumonitis occurs in a small 
proportion of cases. 

Acute undifferentiated respiratory disease is a 
more severe illness than the common cold (Fig 
180-2). Patients are usually only moderately ill but 
occasionally may be prostrated. Complete restora- 
tion of xvcU-facing usually requires several days. 

Laboratory Findings. The leukocyte count is nor- 
mal, altliough occasionally a count of 10,000 to 
12,000 cells per cu mm may be found. The eryth- 
rocyte sedimentation rate is normal or only mod- 
erately increased. Oacteriologic studies usually re- 
peal only the organisms wluch are common resi- 
dents of the respiratory tract. 

Differential Diagnosis. Tlie differential diagnosis 
Includes the common cold, viral iniluenza (p. 1123), 
infectious mononucleosis (p 1248), primary atypi- 
erd pneumonia, bactenal pneumonia, and the acute 
exanthemas (p. 1157). 

NONBACTERIAL PHARYNGITIS 
OR TONSILLITIS 

Deffnition. Nbnbacteriaf pharyngitis or tonsffh'fis 
is an acute respiratory disease of unknown etiology 
in which exudate on the tonsils or pharynx is a 




VIRAL DISEASES OF THE RESPIRATORY TRACT 


CHAP. 180 1119 



Fic. 180-3. Clinical an<! labotaiory data (tom a patient v-Hth nonstrcptococcal exudative pharyngitis and tonsil- 
litis of average seventy (left), and from a patient with bcta-Iiemoly-tic streptococcal tonsillitis and pharyngiLs 
(riglit). Note the absence of beta-hcmolyUc streptococci in repeated throat cultures in the former and their pres- 
ence in large numbers in the latter; the rise in titer of antlsireptolysio and antiBbiinolysia (expressed m units) 
in convalescent phase serums in die latter; the definite leukocytosis in the latter; the difTerences in the amount 
of exudate on the tonsils; and the presence of edema of the uvula and soft palate in the latter. (Commission on 
Acute Rcsplrctonf Diseases, Fort Bragg, 133:588. 1947.) 


distinctive feature. In other respects it resembles 
acute undifferentiated respiratory disease rather 
closely, but occasionally it presents symptoms and 
signs suggestive of beta-hemolytic streptococcal 
pharyngitis. 

Etiology. The beta-hemolytic streptococcus is ex- 
cluded by definition. Bacteriologic and limited se- 
rologic studies have indicated that other bacteria 
are not causative. Adenovirus 3 and occasion- 
ally other types (see Table 180-3) have been Found 
in several outbreaks of nonbacterial pharyngitis oc- 
cuning principally in children in the summertime. 
Some of these patients have had an associated con- 
junctivitis, and Huebner and associates have em- 
ployed the term pharyngoconjunctival fever for the 
condition. Only a minonty of cases of nonbacterial 
pharyngitis in adults is caused by adenoviruses. 
The parainfluenza viruses have been found asso- 
ciated with illnesses diagnosed as pharyn^tis fw 
tonsillitis in a few instances. The eliologic role ol 
the other viruses (Tables 180-1 and 180-2) is un- 
known. 


Manifestations. Nonbacterial tonsiUitis or pharyn- 
gitis is a mild disease of short duration (Fig. 180-3) 
The onset is gradual, as a rule. The early symptoms 
in most cases are referable to the throat, but fever 
or malaise is sometimes the presenting complaint. 
The great majority of patients have malaise, head- 
ache, and anorexia. The average maximum tem- 
perature is 101 to 102®F, and fever lasts 2 or 3 
days but may be longer. 

Sore throat is the most prominent respiratory 
symptom and is described as discomfort, rawness, 
or soreness, rather than as actual pain or dysphagia. 
Hoarseness, cough, and substemal discomfort are 
common. 

The chief signs are in the throat. Hyperemia is 
usually “streaky,” and only rarely diffuse or intense. 
The lymphoid follicles of the pharyngeal wall are 
usually enlarged and reddened and frequently sur- 
mounted by small patches of exudate. Eldema of 
the soft palate or fauces is rarely prominent. The 
lymph nodes in the anterior triangles of die neck 
are sometimes enlarged and tender. 
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Laboratory Findings. The total leukocyte count 
is usually normal but exceeds 10,000 cells per tni 
mm in approximately one-third of the cases. Throat 
cultures reveal normal 0ora. 

DilTcrcnlia] Diagnosis. (See p. 907.) 

PRIMARY ATYPICAL PNEUMONIA 

Definition. Primary atypical pneumonia is an 
acute respiratory infection characterized by pul- 
monary lesions, a paucity of physical findings in 
the chest, constitutional symptoms, cough, sputum, 
and prolonged convalescence. 

Etiology. The etiology of primary atypical pneu- 
monia has been a difficult problem for many years. 
Several different viruses have been recovered from 
patients, but only hvo, the adenoviruses and tho 
Eaton agent, have been generally accepted as caus- 
ative agents of the human disease. Cases of pri- 
mary atypical pneumonia can now be divided into 
at least three groups: (1) Adenovirus infections, 
many of which have pulmonary infiltrates and 
therefore are recognized as primary atypical pneu- 
monias. These infections have occurred principally 
in military recruits. Patients with these infections 
have developed neither cold hemagglutinins or ag- 
glutinins for streptococcus ^tG in their serums. (2) 
Primary at}’piCAl pneumonia with cold hemaeglu- 
timns or streptococcus MG agglutinins, or both. 
This disease has been transmitted to volunteers 
with bacteria-frce filtrates of sputum and throat 
washings and was presumed to be caused by a virus. 
Many such patients, but not all, have developed 
antibodies to the Eaton agent in their convalescent- 
phase serums demonstrable by fluorescent antibody 
techniques Also, the Eaton agent, first isolated in 
1944, has again been isolated from the respiratory 
tract secretions of some patients with this illness. 
The Eaton agent is now known to be a pleuropneu- 
monia-like organism (FFLO) rather than a true 
virus. (3) Cases falling into neither of the above 
groups The etiologic role of the new lespiratory 
tract viruses (Tables 180-1 and 180-2) in primary 
atypical pneumonia is unknown. 
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Tic. 180-4. Clinical chart of a patient with prtmaiy 
leal pneumonia of tnoder.ite severity. {Dingfe etal I 
^ Medicine, 3:223, 1943.) 


Manifestations. The onset is insidious; most pa- 
tients have minor respiratory or constitution.'!] s)mp- 
toms for several days before consulting a physician. 
Sudden onset is unusual. 

Early in the illness, feverishness, cliilliness, head- 
ache, and malaise are the outstanding complaints. 
Anorexia is common. Shaking chills are very un- 
usual. The headache is aggravated by cough, which 
is paroxysmal and harassing, interfering with sleep. 
It is nonproductive at first, but mucoid or muco- 
pundent sputumJs-raised after a few days. Streaks 
of bright red blood can appear in the sputum, hut 
possly bloody, rusty, or “prune juice" sputum is 
rare. Substemal discomfort is common, but pleural 
pain is very unusual. 

Physical signs are not prominent, especially early 
in the illness. The patient appears mildly or mod- 
erately ill. Tlie temperature rarely exceeds 104®F. 
Examination of the chest may reveal few signs in 
spile of the extensive pulmonary lesions by x-ray. 
Early in tiie disease, rales are audible only at the 
height of inspiration; later, rales and rhonchi are 
often widespread, Other signs of consolidation arc 
rarely prominent. 

Roentgenographic examination of Uie chest is the 
most reliable method of defecting the pulmonary 
lesions. The pulmonary infiltrates are typically soft, 
diBuse, patchy, or nodular and poorly outlined. The 
earliest lesions often begin as a hilar enlargement, 
which then "fans out." Tlie lower lobes are most 
frequently involved, but multilobar disease is com- 
mon. The lesions vary from slight, stringy peribron- 
chial shadows to extensive infiltration that is in- 
distinguishable from that of pneumococcal pneu- 
monia. One to three weeks is usually required for 
resolution. 

In the usual case (Fig. 180-4), fever and acute 
illness last 5 to 8 days. Convalescence is tj’pically 
prolonged. There is continued cough, and return of 
strength and well-being is slow. Complete recovery 
without residual disabOity is the rule, although oc- 
casional patients succumb with dyspnea, cyanosis, 
and prostration. 

Laboratory Findings. The laboratory findings in 
the average case of primaiy atypical pneumonia are 
usually within normal limits. A leukocj’te count of 
20,000 per cu mm, or higher, can occur after the 
first week, but early leukocytosis should suggest 
some other disease. The erythrocyte sedimentation 
rate may bo increased, but this is not consistent. 

The appearance of cold hemagglutinins for hu- 
man group O erythrocj-tes or of agglutinins for 
streptococcus MG in tlie blood are of value in the 
retrospective diagnosis of primarj' atypical pneu- 
monia. These agglutinins do not increase in titer 
until the second or tliird week after onset and are, 
therefore, not useful at the lime therapeutic con- 
siderations are paramount. Cold hemagglutinins are 
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demonstrable in approximately 50 per cent of cases. 
The incidence of cold hemagglutinins is increased 
in the more severe illnesses, as judged by the height 
and duration of fever and the number of lobes of 
the lung which are involved. Agglutinins for strep- 
tococcus MG are present in approximately 25 per 
cent of cases, but the incidence increases with the 
severity of illness. 

False positive Wassermann reactions occur in a 
few patients with primary atypical pneumonia. The 
occurrence of several otlicr serologic reactions in 
convalescent-phase serums indicates that serologic 
tests in general should be interpreted with caution 
in this disease. 

Differential Diagnosis. (See p. 890.) 

COMPUCATIONS OF COMMON 
RESPIRATORY DISEASE 

Purulent paranasal sinusitis, otitis media, mas- 
toiditis, and bacterial pneumonia are frequent and 
often serious compheations of the common respira- 
tory diseases. Pneumococci, staphylococci, and 
streptococci are the chief offenders. Secondary bac- 
terial infection should be suspected if fever persists 
and leukocytosis occurs. 

Copious, thick nasal exudate, postnasal discharge, 
laryngitis, hoarseness, and chronic cough occur so 
frequently that they may well be an integral part 
of the clmical picture. Painful involvement of the 
paranasal sinuses during the acute illness seems in 
many instances properly to be regarded as an ex- 
tension of the original inflammatory process. There 
is much uncertainty about the role of bacteria as 
“secondary invaders” in these conditions. 

Herpes simplex of the lips or face is particularly 
frequent in the common cold group. However, in 
primary atypical pneumonia, herpes is so unusual 
that its presence strongly suggests a bacterial eti- 
ology of pneumonia. 

Complications of primary atypical pneumonia are 
unusual. Pleural effusion is rare and when it occurs 
is almost invariably small, bacteriologically sterile, 
and readily absorbed. Encephalitis, meningoen- 
cephalitis, or myocarditis has occurred in the rare 
severe cases with a fatal outcome. Hemolytic ane- 
mi.T has been observed during the acute fllness. 

There is uncertainty concerning the role of bac- 
teria in the pathogenesis of the common respira- 
tory diseases, but the weight of evidence indicates 
that bacteria are not primary incitants. The diief 
points in favor of the hypothesis that bacteria com- 
monly act as “secondary’ invaders” are (I) there 
arc reports that the total bacterial population m- 
creases as the inflammatory process proceeds, es- 
pecially when the secretions become thick, and (2) 
certain specific organisms arc present m large num- 
bers in the secretions. 
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Evidence that “allergy” or "bacterial allergy” is 
an important factor in the pathogenesis of common 
respiratory disease is neither substantial nor con- 
xincing. 


Repeated or successive respiratory infections in 
an indixidual do not necessarily imply lack of im- 
muruty unless it can be established tliat a single 
agent is responsible. Such information is available 
in very few instances. 

Experiments with X’olunteers employing common 
cold filtrates for challenge have yielded conflicting 
results. In one study, recliallenge in the early post- 
convalescent period induced some second illnesses. 
Similar studies by others employing several differ- 
ent common cold filtrates have demonstrated defi- 
nite resistance on rcinoculation w’ith the same fil- 
trate. 

Studies in volunteers with the JH and 2060 vi- 
ruses have shown definite but incomplete resistance 
to challenge reinoculation. The data also showed 
that the two viruses gave good cross immunity. 

Many studies have shown that adenovirus infec- 
tions of military recruits due to the types 3, 4, and 
7 viruses provide good immunity, though the dura- 
tion of (he immunity is unknoivn. 

There is not enough information to allow reliable 
conclusions concerning immunity to the viruses 
listed in Tables 180-1 and 180-2. It appears, how- 
ever, that illnesses from some of tlicse agents may 
occur in individuals who already possess specific 
serum antibody. 

Numerous reports indicate that second attacks 
of primary atypical pneumonia may occur even 
though only a few weeks or months have elapsed 
since the &st attack. Evaluation of these data is 
not possible because information concerning the 
number of agents which may cause primary atypi- 
cal pneumom'a is lacking. 

The existence of “local immunity” in the respira- 
tory tract has been suggested but not proved. 


Adenovirus vaccines containing tjpes 3, 4, and 
7 virus have been successful in prcn-enling acute 
undifferentiated respiratory disease in military' re- 
cruits. The protective effect has approximated SO 
to 90 per cent, and the vaccine has now been 
adopted for routine use in the armed services. It is 
effective only for adenovirus infections and not for 
other respiratory illnesses. Adenovirus infections 
constitute a very small proportion of total rcspira- 
toty illnesses in civilians, and the vatx;ine is not 
recommended for general use. 

Except (or the adenovirus vaccines just noted, 


PREVENTION 
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tlierc are no estaUished methods or immuniang 
agents effective for preventing common respiratory 
disease. Various “cold vaccines” or “cold shots’* are 
widely employed, but none has yet been shown to 
be of value when tested under controlled condi- 
tions. The viruses listed in Tables 180-1 and 180-2 
raise the possibib'ty that effective v'accines contain- 
ing certain of these agents may be developed in the 
future. 

Adequate rest, a nutritious diet, sensible avoid- 
ance of undue exposure to cold or wet, and avoid- 
ance of evposuic to those vvitli respiratory infec- 
tions seem reasonable and advisable but cannot be 
relied upon to prevent the common respiratory dis- 
eases. 

PROGNOSIS 

In the absence of complications, the prognosis 
for life is uniformly good, although primary atypi- 
cal pneumonia in the debilitated or in patients with 
cluonic illness, c g., cardiac disease, asthma, etc., 
may be serious or fatal. Fatalities in young adults 
occur in appronraately one in a thousand cases of 
primary atypical pneumonia; the fatality rate in 
children and the aged is not established but is prob- 
ably higher. 

TREATMENT 

There is no specific treatment for common re- 
spiratory disease; the sulfonamides and antibiotics 
are not of value for the treatment of the primary' 
illness. 

Symptomatic therapy is often oi’crdone Aspirin 
IS as good as any of the various compounds em- 
ployed for the relief of feverishness, headache, and 
malaise The “antihistaminic” drugs are of little 
value for the treatment of the common cold or other 
common respiratory diseases. 

Routine use of the sulfon.amides or antibiotics for 
tlie prophylaxis of the bacterial “secondary invad- 
ers” IS to be condemned. Their use in tiierapculic 
doses is justified if bacterial compLc.'itions nre 
present 

Patients with severe primary atypical pneumonia 
may be dyspncic or cyanotic; the use of oxygen is 
very helpful, and occasionally it appears to be life- 
saving. In general, bed rest for a few days after the 
temperature is normal is advisable, but resolution of 
the pulmonary process does not appear to be neces- 
sary before ambulation. 

Several reports suggest that the tetracycline 
drugs are of value in the treatment of primary 
atypical pneumonia, although there is gencr^ 
...agreement that the sulfonamides and peniciUm arc 

lelTcctne. The tetracyclines have been of benefit 

* cases caused by the Eaton agent, but in others 


no effect has been obtained. Thus, while no defini- 
tive recommendation for the use of the broad-spec- 
tnim antibiotics can be m.ide at present, tlieir use 
in primary atypical pneumonia is justified, particu- 
larly in tlie more severe illnesses. 
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INFLUENZA 

Robert R. Wagner 

DeSnition. Irtffuenza is an acute respiratory in- 
fection of specific viral etiology characterized by 
sudden onset of headache, myalgia, fever, and pros- 
tration. The terms influenza and “flu” should not 
be loosely applied to all common respiratory dis- 
eases with systemic manifestations but should be 
restricted to those cases with clear-cut epidemio- 
logic or laboratory evidence of infection with in- 
fluenza viruses. 

History. Influenza is an Italian word meaning 
''influence” (originally referring to the influence of 
the stars or the cold), which first came into com- 
mon En^ish usage during the European epidemic 
of 1743. In most non-English-speaking countries, 
the disease is usually referred to by the French 
word “grippe,” or its equivalent. According to the 
best available records, influenza was uncommon in 
Europe during the nineteenth century until the 
pandemic of 18S9. Subsequently, Uie frequency and 
severity of epidemics increased, culminating In the 
disastrous pandemic of 1918, which caused an esti- 
mated 20 to 40 million deaths. The isolation of the 
causaUve virus in 1933 by Smith, Andrewes, and 
Laidlaw led to the development of simple diagnosUc 
tests, which have greatly advanced knowledge of 
the clinical variab'ons, epidemiology, and patho- 
genesis of the disease- The next pandemic occurred 
in 1957 and was, perhaps, the most thoroughly 
studied and documented major epidemic in the 
annals of medicine. 

Etiology. There are, at present, three distinct 
antigenic types of influenza virus, designated A, B, 
and C, in the order in which they were discovered. 
The Sendai virus, formerly designated as influenza 
D, is now classified with the parainfluenza group 
(see p. 1115). Infection with one type confers no 
immunity to infection with the other hvo. They 
are all approximately 100 m^t in diameter, visible 
as spheres or filaments by electron microscopy, and 
are biologically related by their infectivity for chick 
embryos, capacity to agglutinate eiy ihrocj’tes, and 
affinity for the respiratory epithelium of various 


mammals. Influenza viruses are the prototj’pes of 
the myxovirus group, which also includes mumps, 
Newcastle disease, fowl plague, and the four types 
of parainfluenza viruses. 

Epidemiology. Influenza B and C usually occur 
sporadically or in localized outbreaks, particularly 
in schools and military camps. Influenza A viruses 
are the cause of major epidemics which tend to 
recur at intervals of 2 to 4 years, usually in the 
svinter months. The factors responsible for this pe- 
riodicity are the decline in effective immunity of a 
population in mterepidemic periods and the emer- 
gence every few years of new strains of virus 
slightly different antigenically from the former 
strains. A marked change in the antigenicity of type 
A viruses occurred in 1946-1947, when viruses ex- 
tant between 1933 and 1945 completely disap- 
peared and were replaced by strains designated as 
influenza A' or Aj. 

A further, more pronounced, alteration in the 
serotype of influenza A viruses was detected in 
China early in 1937. These Aj or “Asian” influenza 
viruses were widely disseminated in the Orient in 
the following spring, giving rise to the Asian influ- 
enza pandemic of 1957. On the basis of laboratory 
studies and international epidemic intelligence, ac- 
curate predictions were made within a month of 
the first outbreaks in East Asia that influenza would 
spread throughout the world. A second pandemic 
wave occurred early in 1958, and major epidemics 
of the same type recurred in the winter of 1959- 
1960. These Aj variants of mfluenza A virus almost 
undoubtedly will be the prevalent epidemic strains 
until 1970. 

Influenza A epidemics start abruptly, reach a 
peak in 2 to 3 months, and subside almost as rap- 
idly. The attack rate is variable but was noted in 
1957 to exceed 50 per cent of urban populations 
An additional 25 per cent of individuals may show 
serologic evidence of infection without clinical 
manifestations. The prevalence of Influenza in win- 
ter months and the simultaneous appearance of epi- 
demics in widely separated areas were formerly 
attributed to external factors, such as cold and in- 
clement weather. Experiences in 1957 proved con- 
clusively that crowding, even in summer months 
or in tropical countries, is the major factor predis- 
posing to epidemics. School children, in particular, 
axe the primary focus and disseminators of infec- 
tion in the United States. The end of summer recess 
in September brings a highly susceptible popula- 
tion into close proximity, which facilitates rapid 
spread of infection in the classroom and beyond 
If the general immunity of a population is at low 
levek, as was true in 1957, community-wide epi- 
demics may occur within a few weeks of the open- 
ing of schools. If, on the other hand, immune in- 
dividuals predominate, the case rate will rise slowly 
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and may not reach epidemic proportions, or may 
do so later in the winter. 

Pathogenesis. Influenza is primarily an infection 
of the respiratory epithelium that is transmitted 
from man to man by initiation of infective droplet 
nuclei. Influenza A viruses have been recovered in 
nature from swine and horses, but these animals 
probably do not transmit the Infection to man. De- 
tailed experimental studies of the pathogenesis of 
the disease have been made in ferrets and mice. 
After intranasal inoculation, the virus multiplies to 
maximum titers m 24 to 48 hr and rapidly involves 
the entire tracheobronchial tree. At first, the mu- 
cosa becomes boggy and hyperemic and loses its 
normal ciliary activity. This may shortly be fol- 
lowed by necrosis of respiratory epithelium, inva- 
sion by leukocytes, pulmonary consolidation, and 
abnormal regeneration of metaplastic squamous epi- 
thelium in the bronchi and bronchioles. The infee- 
tion is largely confined to the respiratory tract and 
hilar lymph nodes of adult animals; vfremia is a 
transient and inconstant feature. However, virus 
lias been isolated from heart, kidney, and other 
extrapulmonary tissues in fatal human infecdons, 
a finding which suggests that virus products can 
enter the circulation and may account for ^stemic 
manifestotions of the disease. 

The most characteristic findmgs at autopsy are 
pulmonary hemorrhages, neaosis of bronchia] epi- 
thelium. broQchiohtis, squamous metaplasia of re- 
spiratory epithelium, and marked edema of alveolar 
septa and spaces. Fatal human infections can be 
caused by the influenza virus itself or by combined 
viral and bacterial infections. 

Manifestations. Tbe disease assumes its most 
typical form during major epidemics of influenza 
A, but cimical differentiation between influenza A 
and B is not possible in localized outbreaks. Spo- 
radic infections with either influenza A or B are 
likely to result in relatively minor illnesses, with 
predominantly respiratory symptoms, similar to 
those of common respiratory disease (see p. 1114). 
Influenza C is particularly difficult to recognize be- 
cause of its mddness. Although the manifestations 
and seventy of influenza A vary from year to year, 
cases in a single epidertuc often follow a remark- 
ably similar pattern. The cimical description that 
follows is a composite picture of epidemic influenza 
A of the past decade. 

The inciibofion jicriod is usually 18 to 36 hr but 
may be as long as 3 days. Mild prodromal syn^ 
toms of cough, malaise, and chilliness are sometimes 
present, but extremely sudden onset is often such 
a characteristic feature that many patients can re- 
call its exact time. Tlie most common initial symp- 
tom is severe generalized or frontal headache, fie- 
.^^qiiently accompanied by stabbing relroorbitaj pain 
%lhat Is accentuated by lateral or upward gaze. Dif- 


fuse myalgia, particularly marked in the legs and 
over the lumbosacral area, occurs in more than ball 
the cases; this is often so severe that the patient is 
reluctant to move Pain and spasm localized to the 
abdominal muscles may simulate acute peritonitis, 
and incapacitating periarticular pains are sometimes 
confused %vith acute arthritis. Some observers have 
commented on the frequency of faintness and diz- 
ziness as early symptoms. Feverishness and chilli- 
ness, or occasionally true rigors, may be the first 
manifestations, but more often they are preceded 
by headache and myalgia. The temperature rises 
abruptly to a maximum of 100 to 103*F several 
hours after onset; rarely it may reach 10Q®F. There- 
after, the fever and pain usually subside over a 
2- to 3-day period but can persist for as long as a 
week. A common variant in the temperature course 
is rapid defervescence after the initial peak, with 
a secondary rise to the original level on the follow- 
ing day. In general, seventy of illness parallels the 
height and duration of the fever. The pulse rate 
is usually slow in relation to the fever, but marked 
tachycardia can occur in severely ill patients. 

Prostration of some degree is almost invariable 
and is often the most prominent and alarming mani- 
festation. Tbe face is usually flushed, and me skin 
is hot and dry; however, profuse sweating and cold, 
mottled extremities ore sometimes noted. A peculiar 
type of 'Tieliotrope” facial cyanosis occurred during 
the 1018 pandemic, but it is rarely seen at present. 
Anorexia, nausea, and constipation are frequent sec- 
ondary symptoms, but vomiting and diarrhea are 
rare. There is no evidence that influenza viruses 
infect tbe gastrointestinal tract, and the term in- 
testinal flu is a misnomer. Meningoencephalitis, 
polyneuritis, cranial nerve palsies, transient nervo 
deafness, aphasia, hemiplegia, psychoses, and othef 
neurologic disorders have been described in asso- 
elation witli influenza but are very unusual. Hypo- 
tension, heart block, peripheral vasoconstriction, 
and fatal myocarditis have also been reported in » 
few cases. The exact relationship of these neuro- 
logic and cardiovascular disorders to influenza viral 
infection has not been determined The incidence 
of abortion appears to be increased when influenza 
occurs during the first trimester of pregnancy. 

Respiratonj sijmpioms may be present at the on- 
set but become most prominent when the systemic 
manifestations and fever begin to subside. They are 
fiequenlly less pronounced than in common le- 
spiratoiy disease and can be entirely absent. Sneez- 
ing, wnteiy nasal discharge, or stuffy nose occurs 
In most cases; lioarseness and epistaxis are less fre- 
quent. Conj'unclival suffusion and burning, and 
itchmg, water)' eyes are often noted Sore throat 
is not a usual complaint, altiiough the throat m.ay 
fee! dry and the ph.ii)'n.x often appears slightly in- 
j’oeted. Cough tlcvclops during the course of the 
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illness in more than tliree-fourths of the cases, and 
in about a third of Uiese it Is productive of small 
amounts of tenacious, mucoid sputum. Chest pain, 
usually substemal in location and accentuated by 
coughing but not by breathing, is present in almi^ 
half the patients. Pleurisy and pleural effusion are 
uncommon. Slight hyperpnea is often noted, but 
the most ominous, although infrequent, signs are 
dyspnea and cyanosis, which signal bionchiolaT or 
pneumonic involvement. Ph)'sical examination of 
the lungs is often negative in uncomplicated influ- 
enza, but scattered rhonchi, wheezes, and showers 
of moist rales have been reported in 5 to -40 per 
cent of cases in different epidemics. Influenzal 
bronchiolitis should be suspected if rales persist in 
the absence of x-ray evidence of pneumonitis and 
if the patient raises mucopurulent or blood-tinged 
sputum. 

The chief compUcaiions of influenza are second- 
ary bacterial infections of the paranasal sinuses, 
middle ear, bronchi, and lungs. The incidence of 
bacterial pneumonia is greatly increased during in- 
fluenza epidemics; even mild or asymptomatic in- 
fections >vith influenza viruses predispose to pneu- 
mococcal and other types of pneumonia. The most 
serious complication is staphylococcal pneumonia, 
which tends to run a fulminant, often fatal, course. 
Superinfection with Hemophilus influenzae, so com- 
mon in the pandemic of 1918, is rarely encountered 
now. 

Hecoverp from uncomplicated influenza b often 
complete in 2 to 3 days or, occasionally, in a week, 
but con.val€SceI^ce may be prolonged by “postinfec- 
tious asthenia” and depression, particularly in eld- 
erly persons. Minor relapses with fever can occur 
but arc uncommon. 

The mortalily rate from all causes always in- 
creases markedly during epidemics of influenza. In 
tile fall and winter of 1957-1938 it was estimated 
that 80 million persons in the United States became 
ill with influenza, and the total number of influ- 
enza-associated deaths was reported to be ir> excess 
of 8,000. In addition, approximately 60,000 more 
deatlis from various causes occurred during this 
period than would be expected under normal con- 
ditions. Tlie greatest incidence of excess mortality 
occurred among infants under one year of age and 
adults over sixty years of age. The high mortality 
in young adults that ch-nractcrized tlie pandemic of 
1018 fortunately did not recur. However, data from 
small scries of cases clearly indicate that Influema 
is all too frequently a fatal infection in individuals 
witli preexisting pulmonary or cardiac disease, re- 
g-irdless of age. Chronic rheum.atic heart disease 
witli mitral stenosis, in particular, appears to pre- 
dispose to fatal influenzal pneumonia. 

Laboratory Findings. Virus is isolated most read- 
ily during liic acute phase of the disease by inocu- 
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lation of broth garglings into the amniotic envitv 
of chick embryos or into tissue cultures of monkey 
kidney or human cells. Serologic diagnosis can be 
made most reliably by hemagglutination-inhibition 
or complement fixation tests, using paired serum 
samples obtained In both tlie acute and convales- 
cent phases. However, type-specific antibod)’ 
against soluble complement fixing antigens of in- 
fluenza A virus often appears in the circulation of 
patients during the acute illness. 

X-ray of the lungs in uncomplicated influenza is 
usually normal but occasionally reveals increased 
vascular markings, basilar streaking, small areas of 
patchy infiltration, atelectasis, nodular densities, or 
pleural effusion. The blood leukocyte count may 
be low 2 to 4 days after onset of illness, but is 
often normal or slightly elevated. Leukoevtosis 
with counts above 15,000 cells per cu mm indicates 
secondary bacterial infection, but it is well to re- 
member that leukopenia can occur in severe staphy- 
lococcal pneumonia. Slight proteinuria is common 
during the height of the febrile illness. 

Differential Diagnosis. Many bacterial and viral 
infections simulate influenza at their onset, but few 
febrile diseases have such a self-limited course. TJie 
pattern of clinical manifestations becomes rc.'idily 
apparent during an epidemic, but many influenza 
outbreaks are associated witli an increased inci- 
dence of other respiratory infection or viral and 
bacteria! etiology. NoninflucnMl respiratory dis- 
eases (see p. 1114) are generally characterized by 
more gradual onset, milder systemic manifestations, 
and predominant symptoms of cory’za, rhinorrlica, 
pharyngitis, and conjunctivitis. 

Treatment. Antibiotics do not affect the course 
of uncomplicated influenza, nor is there any evi- 
dence that they prevent complications. Specific 
chemotherapy sliould be reserved for secondary 
bacterial infections. Codeine affords relief from in- 
capacitating cougli and is more effective than sali- 
cylates for symptomatic treatment of hcad.'ichc and 
myalgia; salicylates often increase discomfort by 
causing drenching sweats and chills. Bed rest and 
gradud return to full activity arc ndvis.nble to pre- 
vent prolonged postinfcctious asthenia. 

Prophylaxis. Formalinizcd egg vaccines contain- 
ing a mixture of influenza A, Aj, A^, and B viruses 
are the standard preparations available commer- 
cially in the United States. Tlie British favor the 
use of a monovalent vaccine presently prcparctl 
from a more concentrated suspension of influenza 
Aj virus. Infectious attenuated virus administered 
intninasally h.is been widely used for Influenza im- 
munization in Uie Soviet Union, but its safety and 
cfBcacy liavo not been tlioroughly proved. The most 
promising results h.av e been obmined in the Ameri- 
can Armetl Forces by preliminary trials of adjuvant 
influenza vaccines emulsified vviUi mineral oil and 
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Arlaccl A. Althougli they stimulate the production 
of scrum antibodies, the prophylactic value of in- 
fluenza vaccines is limited by the following factors: 
(1) infection can occur in spite of high levels of 
scrum antibody; (2) antibody concentration is low 
at Uie site of infection in the respiratory tract; (3) 
\-accincs sometimes do not contain antigens pre- 
pared from the most recent strains of \irus; and 
(4) even under optimal conditions, their protective 
effect often lasts for only a few months. 

Nevertheless, there is ample evidence that vacs 
cines currently available reduce the incidence and 
severity of influenza, particularly during epidemics 
in closed populations (such as boarding sch(»ls 
and military camps). The U.S. Public Health Serv- 
ice strongly recommends routine yearly immuniza- 
tion with polyvalent influenza vaccine for high-risk 
groups, including: persons of all ages who suffer 
from chronic rheumatic heart disease, other cardio- 
vascular diseases, clironic bronchopulmonary dis- 
eases, diabetes mellitus, or Addison's disease; also 
pregnant women and persons sixty-five j^ars of age, 
or older, regardless of their previous state of health. 
For initial immunizabon it is advisable to adminis- 
ter the vaccine subcutaneously in two divided doses 
of 1 ml each, the first injection in September and 
the second several weeks or months later. A single 
subcutaneous dose of 1 ml given each autumn is 
satisfactory as a j-early boaster. Intradermal injec- 
tion of vaccine is for less satisfactory because a 
sufficient antigenic moss cannot be administered by 
this route. 

Influenza vaccination is generally safe but not 
completely innocuous. Fatal anaphylacbc reactions 
and purpura have been reported in individuals 
sensitive to egg proteins, and inactivated virus It- 
self is pyrogenic and can sometimes produce an 
illness similar to active influenza. Influenza vaccine 
should be administered only advisedly and in much 
smaller doses to mfants and young children, in 
whom severe febrile reactions may result in con- 
vulsions and death. 
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PSITTACOSIS 

Robert R. Wagner and 
Ivan L. Bennett, Jr. 

Definition. Psittacosis is an infectious disease of 
birds causerl by a large virus. Transmission of the 
virus from birds to man results in a febrile illness 
cliaracterized by pneumonibs and systemic mani- 
festations. The name ornithosis is sometimes applied 
to infections contracted from birds other than par- 
rots or parakeets, but psittacosis is the more com- 
mon and preferred term for all forms of the disease 

History. In 1880 a Swiss physician, Ritter, re- 
ported a fatal pneumonic illness in patients who 
had been in contact with sick birds. Psittacosis was 
considered to be a rare and exotic disease until 
1929-1930, when almost 800 cases occurred in 
Europe, Asia, and America. This "pandemic" was 
traced to a shipment of South American parrots 
(Meyer, 1942). During the past 30 years psittaco- 
sis has been reported with increasing frequency. 
At least 1,000 cases occur each year in the United 
States, and many more probably go unrecognized. 

Etiology. The causative organism is an obligate 
intracellular parasite which is usually referred to 
as a vdnis, although it more nearly resembles a nck- 
cttsia m size, staining properties, susceptibility to 
antibiotics, and its capacity to multiply by binary 
fission It is closely related to the virus of lympho- 
granuloma venereum and to a wide variety of m.im- 
malian vmises which have not been shown conclu- 
sively to produce human disease, except for rare 
laboratorj’-acquircd infections. 

Epidemiology. Psittacosis is widely distributed 
throughout tlie world, and almost any avian species 
can harbor the virus. Psittaeine birds are mo.st com- 
monly infected, but human cases have been traced 
to contact witli pigeons, ducks, turkeys, cliickcns, 
and many other birds. Psittacosis can be consid- 
ered an occupational disease of pet-shop owners, 
poulti}' raisers, pigeon fanciers, taxidermists, and 
zoo attendants. Tlie incidence of human infection 
lias steadily risen dnnng the past decade owing in 
large part to the increasing popularity of parakeets 
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and related birds as pets and the easing of regula- 
tions banning their importation and interstate ship- 
ment. 

The virus is present in nasal secretions, excreta, 
tissues, and feaUiers of infected birds. Although the 
disease can be fatal, infected birds frequently show 
only minor evidences of illness such as ruffled 
feathers, lethargy, and anorexia. Asymptomatic 
avian carriers are common, and complete recovery 
can be followed by continued shedding of virus fot 
many months. Prolonged oral administration of feed 
impregnated vrith chlortetracycline may eradicate 
the infection in many birds, but not all. Campaigns 
to educate breeders to treat all young parakeets 
with adequate doses of antibiotics have met with 
indifferent success. 

Psittacosis is almost always transmitted to man 
by the respiratory route. On rare occasions the dis- 
ease may have been acquired from the bite of a 
pet bird. Intimate and prolonged contact is not es- 
sential for transmission of the disease; a few min- 
utes spent in an environment previously occupied 
by an infected bird has resulted in human infection. 
The severity of the disease in man bears no appar- 
ent relationship to closeness or duration of contact. 
Human-to-human transmission of psittacosis has oc- 
curred particularly among hospital penonnel, and 
the resulting infections arc usually severe, often 
fatal. There is evidence that these ‘'human” strains 
are more virulent than native avian viruses. There 
is no record of infection acquired by eating poultry 
products. 

Pathogenesis. Psittacosis virus gains entrance to 
the body through the upper respiratory tract and 
eventually localizes in the pulmonary alveoli and 
the reticuloendotheUal cells of the spleen and liver. 
Invasion of the lung parenchjmia probably takes 
place by way of the blood stream rather tfian by 
direct extension from tlie upper air passages. A 
l)'mphoc)’tic inflammatory response occurs on both 
the interstitial and respiratory surfaces of the alveoli 
as well as in the perivascular spaces. The alveolar 
walls and interstitial tissues of the lung are thick- 
ened, edematous, necrobc, and occasionally hemor- 
rhagic. Histologically, tlie affected areas show al- 
veolar spaces fiUed with fluid, citythrocytes, and 
IjTnphocytes. The picture is not pathognomonic of 
psittacosis unless macrophages containing charac- 
teristic cytoplasmic inclusion bodies (LCL bodies) 
can be identified. The respiratory epithelium of the 
bronchi and bronchioles usually remains intact. 

Manifestations. The clinical manifestations and 
course of psittacosis are extremely variable. After 
an incubation period of 7 to 14 days, or longer, the 
disease may start abruptly with shaking chills and 
high fever, but the onset is often gradual with in- 
creasing fever and malaise over a 3- to 4-day pe- 
riod. Heaclaclie is almost alw'ays a prominent svTnp- 
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tom; it is usually diffuse and excruciating and often 
the patient's chief complaint. Generalized m)^algia 
is also common. Spasm and stiffness of the muscles 
of the back and neck can lead to an erroneous diag- 
nosis of meningitis, A faint, macular rash (Horder’s 
spots) simulating the rose spots of t)phoid fever 
has been described. Lethargy, mental depression, 
agitation, insomnia, and disorientation have been 
prominent features of the illness in some epidemics, 
but not m others*, delirium and stupor occur near 
the end of the first week in severe cases. Occasional 
patients are comatose when first seen by a physi- 
cian, and the diagnosis of psittacosis may be missed 
in this circumstance. Gastrointestinal complaints 
such as abdominal pain, nausea, vomiting, or di- 
arrhea are present in some cases; consbpation and 
abdominal distention somebmes occur as late com- 
plications. Icterus, tlie result of severe hepatic in- 
volvement, is a rare and ominous finding. Symp- 
toms of upper respiratory infection are not promi- 
nent, although mild sore throat, pharyngeal inj'ec- 
Uon, and cervical adenopathy are often present. 
Epistaxis is encountered early in the course of 
nearly one-fourth of the cases. Photophobia is also 
a common complaint. 

'The dry, hacking cough of atj^ical pneumonia 
is characteristic of psittacosis; it is usually nonpro- 
ductive, but small amounts of mucoid or bloody 
sputum may be raised as the disease progresses 
Cough may appear early in the course of the dis- 
ease or as late as 5 days after the onset of fever 
Chest pain, pleurisy wiA effusion, or a fnction rub 
can all occur but are not usual Fericardibs and 
myocardib's hav'e been reported. Most pab'ents have 
a normal or slightly increased respiratory rate, 
marked dyspnea with cyanosis occurs only in severe 
psittacosis with extensive pulmonary involvement. 
In psittacosis, as in most nonbactcrial pneumonias, 
the physical signs of pneumonitis lend to be less 
prominent than sjTnptoms and x-ray findings would 
suggest. The mib’al examination may reveal fine, 
sibilant rales, or clinical evidence of pneumonia 
may be completely lacking Rales usually become 
audible and more numerous as the illness pro- 
gresses. Signs of frank pulmonary consolidation arc 
usually absent. 

Patients without cough or other clinical evidence 
of respiratory involvement present the problem of 
a fever of unknown origin. The pulse rate in psitta- 
cosis is slow in relabon to the fever. Splenomegaly, 
when present in a patient with acute pneumonitis, 
strongly suggests psittacosis. Inability to feel the 
spleen is of no diagnostic significance, however; the 
reported incidence of splenomegaly has ranged 
from 10 to 70 per cent in different series of proved 
cases. It should be remembered that tlie spleen is 
only slightly enlarged and is more frequently pal- 
pable late m the course of the disease. Nontender 
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hepatic enlargement also occurs, but jaundice is 
rare. Thrombophlebitis is not unusual during con- 
N-alcsccnce; indeed, pulmonary infarction is some- 
times a late complication and may be fatal. 

In untreated cases of psittacosis, sustained or 
mildly remittent fever persists for 10 days to 3 
weeVs, or occ.isionally as long as 3 months. Defer- 
vescence is by lysis, rarely by crisis, and is accom- 
panied by abatement of respiratory manifestations. 
Psittacosis contracted from panoU or parakeets is 
more likely to be a severe, prolonged illness than 
infections acquired from pigeons or barnyard fowl. 
Relapses occur but are rare. Secondary bacterial 
infections arc uncommon. Immunity to reinfection 
IS probably permanent. 

Laboratory Findings. The x-ray of the lungs in 
psittacosis mimics a great varict)' of pulmonary dis- 
eases The pneumonic lesions are usually patchy in 
appearance but can be haxy, diffuse, homogeneous, 
lobar, atelectatic, wedge-shaped, nodular, or mili- 
ary. Tlie while blood cell count is normal or mod- 
erately decreased in the acute phase of the disease 
but may rise in eont’alcsccnce. The erythrocyte 
sedimentation rate is frequently not eles-aled. Tran- 
sient proteinuria is common. The cerebrospinal fluid 
sometimes contains a few mononuclear cells but is 
oUierNvise normal. Cold agglutinins are rarely pres- 
ent in tlie serum of patients with psittacosis. 

Tile diagnosis of psittacosis can be confirmed 
only by virus isolation or serologic studies The 
virus IS present m (he blood during the acute phase 
of the disease and in the bronchial secretions for 
weeks or sometimes years after infection, but it is 
often difficult to isolate. Psittacosis is most readily 
diagnosed by tbo demonslralion of a rising liter of 
complement fixing antibody in the patient’s blood 
An acute and convalescent specimen sliould always 
be tested. Even a low titer of antibody during ihe 
acute febrile phase constitutes presumptive evi- 
dence of psittacosis. Tlie prompt initiation of treat- 
ment with tetracycline has been showTi to delay 
antibody rise in convalescence for several weeks or 
months. Interpretation of a single complement Juca- 


lion test can sometimes be difficult because of the 
anb’gcnic cross reaction between the viruses of 
psittacosis and IjTnphogranuIoma venereum. 

Differential Diagnosis. A history of exposure to 
birds may be the only clinical basis for differen- 
tiating psittacosis from a great variety of infectious 
and noninfecUous febrile disorders. A partial list of 
pneumonic diseases that can be confused w’ith psit- 
tacosis includes primary atypical pneumonia, Q 
fever, coccidioidomycosis, hiterculosis, carcinoma 
of the lung with bronchial obstruction, and bacte- 
rial pneumonias. In the early stages, before pneu- 
monitis appears, psittacosis can be mistaken for in- 
fluenza, typhoid fever, miliary tuberculosis, infec- 
tious mononucleosis and, less commonly, rheumatic 
fever or bacterial endocarditis. 

Treatment. The tetracyclines are consistently ef- 
fective in the treatment of psittacosis. Deferves- 
cence and alleviation of symptoms usually occur in 
24 to 4S hr after instituting therapy vvjtli 2 to 3 
Gm daily. To avoid relapse, treatment sliould prob- 
ably be continued for at least 7 days after deferves- 
cence. The disease will usually respond to penicillin 
if a daily dose of at least 2 mdiion units is used. 
In severe cases, oxygen and other supportive meas- 
ures are indicated. 
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INTRODUCTION 

Robert R. Wagnor 

The term enlerov/rus has a very specific meaning 
to the virologist. Under this dcsigimtion are classi- 
ied the related viruses of poliomyelitis. Cotsacktc 
Coxs.ickic B, and the ECHO group (sec Table 


I70-I). The more inclusive term "enteric viruses," 
which has no official status in virus nomenclature, 
is often used by the clinician to lump together tliC 
entemviruses and other unclassified viruses iJiat in- 
fect tlie intestinal tract of man. Among Ihe hitter 
are certain unidentified causative agents of gastro- 
eittcntis and tlie virus of infectious hepatitis. 
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The history of the enteroviruses is intimately as- 
sociated with research in poliomycUlis. The exist- 
ence of CoxsacUe viruses was first recognized in 
1948 during attempts to isolate viruses from pa- 
tients wth poliomyelitis by injecting stool suspen- 
sion into suckling mice. The Coxsackie viruses were 
then divided into groups A and B largely on the 
basis of differences in pathologic lesions in infected 
mice. The ECHO viruses ^vere discovered when 
tissue culture methods became readily available for 
studying polioviruses. During the decade 1930- 
1960, dozens of hitherto unsuspected viruses were 
recognized, most of which could not be associated 
unth any specific disease. The resulting chaos 
prompted the formation of a clearing house (Com- 
mittee on the Enteroviruses) for classification of 
these "orphan" viruses. The term enterovirus was 
officially coined in 1957 when it became apparent 
that these agents shared certain physicochemical 
and biologic properties. All viruses of the polio. 
Coxsackie, and ECHO groups are strikingly resist- 
ant to inactivation by heah drying, and certain 
chemical agents. In addition, those which have been 
carefully studied are relatively small spherical vi- 
ruses, 23 to 33 mft in diameter, and are composed 
entirely of ribonucleic acid and protein in a ratio 
of about 1:3- 

The major problems have been to subdivide the 
enteroviruses into meaningful categories and to re- 
late them to human disease. OriginaUy, the general 
policy was to classify newly discovered intestinal 
viruses as Coxsackie A if they infected only suck- 
ling mice, Coxsackie B if they infected both suck- 
ling mice and tissue culture, or ECHO if they in- 
fected only tissue culture and were not antigenically 
related to the three poliovirus types. Unfortunately, 
these criteria were too crude, and the system of 
classification soon began to break down. For exam- 
ple, Coxsackie A type 9 and other types were found 
to infect tissue culture, some Coxsackie B viruses 
are not pathogenic for suckling mice when first iso- 
lated but reaily infect monkey kidney and certain 
human cell lines, and a few ECHO viruses cause 
disease in suckling mice. ECHO virus type 10 
turned out not to be an enterovirus at all and has 
been reclassified, along with other similar agents, 
in the reouirus group (respiratory-enteric viruses). 
Recovery of adenoviruses from feces and entero- 
viruses from the respiratory tract even raises the 
question of the adequacy of the site of infection as 
a basis for classification- 

Perhaps the major problem in arriving at a mean- 
ingful nomenclature, particularly for the dinician, 
IS increasing awareness that enteroviruses do not 
fall into neat etiologic categories of disease. It was 
soon recognized that designation of aseptic menin- 
gitis as “nonparalytic poliomyelitis” was often a 
misnomer. Then came the realization that Cca- 
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sacln'e and ECHO viruses may occasionally cause 
diseases clinically indistinguishable from paralytic 
or bulbar poliomyelitis. It now seems apparent tliat 
all members of the enterovirus family can some- 
times be causative agents of illnesses that were for- 
merly wmsidered to be specific reacb'ons to infec- 
tion with Coxsackie, ECHO, ot polioviruses. An 
indication of this etiologic diversity is presented in 
the following table. 


apECTRcu OF *1 uon ct-isncAt. disordebs 

ATTSmUTED TO ENTEROVIBUSES 


Clinical syndrome 

1 Associated enteroviruses 

Poliovirus 

Coxsackie 

ECHO 

Aseptic meningitis 
Carditis (pericarditis 

-t- 

1 


-1- 

or myoc.arditis) 

+ 

+ + 

+ 

Encepbalitis 

-t" 


+ 

Febrile exantbem 

(?) + 

4- 

+ + 

“Flu” syndrome . 

+ 

+ 

+ 

Gastroenteritis 

1 + 

1 

1 + + 

Berpangica 

0 

' + 

(?) + 

Pleurodynia 

. U)0 

1 

+ 

Poliomyelitis 

++ 

' + 

+ 


eoCRCs: Adapted from J ? Sanford and S E Sulkio, 
New Engl. 3. Med., 261 .1113, 1050. 


Inability to establish absolute biologic and 
clinical criteria for classifying enteroviruses has 
prompted the suggestion that tire terms Coxsackie 
A, Coxsackie B, ECHO, and polioiirus be aban- 
doned. The proposal to substitute a numerical sys- 
tem for designating the enteroviruses based largely 
on antigenic constitution, however, seems both pre- 
mature and unmanageable. Despite overlap in bi- 
ologic and clinical properties, the present nomen- 
clature is useful for both the clinician and the vi- 
rologist Coxsackie B viruses, for example, can still 
be considered the most common, although not the 
only, cause of pleurodynia. 

In considering the epidemiology of the entero- 
viruses, It was formerly presumed that they were 
normal inhabitants of the intestinal tract in much 
the same manner as are the Enterobacteriaceae. 
This does not appear to be correct. Enteroviruses 
may be excreted in the feces for weeks or months 
after infection, but Aey do not persist indefinitely. 
Infections are far more prevalent during summer 
and autumn; as anticipated, these are the seasons 
of highest incidence of poliomj'eh'tis, pleurodynia, 
and aseptic meningitis. In addition, enteroviruses 
are more widespread in populations with inade- 
quate sanitary facilities. Under these conditions, 
mixed infections witli two or more enteroviruses 
are not unusual There are undoubtedly multiple 
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nioilcs of transmission, including sewage, water, 
food, and flics. However, the most important factor 
pr«lisposing to communicability of enteroviruses is 
intimate an<l prolonged personal contact, [jarticu* 
laily within family groups or in institutions. 

"Ilip pallioj^cnesis of infection with the knowm 
enteric varuscs is characterized by multiplication of 
virus in the intestinal tract. This is sometimes ac- 
companied by mild gastroenteritis, but roost in- 
testinal infections with Coxsacbic, ECHO, hepatitis, 
and polioviruses are asjTnptomatie. Infections with 
enteric vinises generally come to the attention of 
the physician only on those relatively rare occa- 
sions when viremi.a and sjstcmic dissemination re- 
sult in n characteristic disease picture. Therefore, 
descriptions of the clinical manifestations of infec- 
tion with these viruses more properly belong in 
Qtber sections of a textbooh of medieme and will 
be found on the following pages: infectious hepa- 
titis, p. 1670; poliomyelitis, p. 1139, aseptic men- 
ingitis, p. 1135; herpangina, p. 1173, and enlero- 
viral exanlhems, p. 1162. 
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COXSACKIE A \TOUSES 

Hohcrt R. Wagner 

Tlic enteroviruses relegated to the classification 
of Coxsackie A are divided into 23 or more distinct 
.antigenic types. The s.alicnt biologic propertv' of 
Covs.nckic A viruses Is ibcir infeclhity tor siiclhng 
mice winch develop fl-iccid paralysis and die with 
cliaracteristic necrotizing, inflammatory lesions spe- 
cifically confined to struated muscle. Unlike otiicr 
cnti rovinises, most members of the Coxsackic A 
group liavc only limited capacity to induce cyto- 
„patbic changes In tissue culture. Type 9 and some 
- 'us of type 16 mfect cultures of monkey Wdn^ 


or human amnion cells but not HeLa carcinoma 
cells of Iniman origin. Of considerable interest ix 
the fact that some Coxsackic A vinises can produce 
paraly'sls and neuropathologic lesions in monkeys 
that are difficult to distinguish from the effects pf 
poliovirus. It is not surprising, therefore, that a vi- 
rus isolated from patients with paralytic poliomye- 
litis and originally' thought by Russian investigatoi's 
to be a new type of poliovirus turned out to be 
Coxsackic A type 7. 

Coxsackic A viruses arc widespread in human 
populations and have been implicated as causative 
agents of a variety of childhood diseases (see Table 
170-1). The first recognized eb'ologic relationship 
was vvitli herpangina; this disease is probably still 
the most readily identified syndrome caused by at 
least six immunologic types of (^xsackie A virus 
(see p. 1173). Perhaps the most frequent, but least 
dramatic, manifestations of infection with CoX- 
sackie A viruses are obscure epidemic febnle dis- 
orders occurring among children during the summer 
that go under such names as "3-day fever," "sum' 
mer complaint,” and "summer grippe and sore 
throat ” An increasing number of isolated reports 
indicates that Coxsaekie A viruses may also occa- 
sionally cause the following disorders: aseptic men- 
ingitis (p. 1135), fatal myocarditis (p. 1132), peri- 
carditis (p. 1132), encephalitis (p. 1152), febnle 
exanthem (p 1162), pleurodynia (p. 1131), and 
gastroenteritis (p. 1134), Undoubtedly, all these 
diseases are uncommon when compared with tlie 
overwhelming incidence of asymptomatic Infection. 

None of Ine 23 types of Coxsackic A viruses iS 
known to be the sole cause of any specific disease 
However, it is worth noting that typo 9 virus is onO 
member of the group that Is not infrequently asso- 
ciated with severe illness. Children studietl during 
a Coxsackic A type 9 epidemic e-xhibited a recog- 
nizable disease pattern characterized by fever, ve- 
sicular or petechial rash, pharyngitis, and pneu- 
monia. A causative agent of respiratory infections 
known as Coe virus has recently been reck-issified 
os Coxsackic A type 21. Another investigation sug- 
gests that Coxsackic A vims type 4 may be respon- 
sible for some eases of "sudden, unexplained dealli’ 
of infants. This enigma has plagued pathologists 
because respiratory and cerebral lesions discernible 
at autopsy are relatively inconsequential. 
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COXSACKIE B VIRUSES 

Robert R. Wagner 

Coxsaclde B viruses were originally differenliated 
from the Coxsackie A group on the basis of distinc- 
tive pathogenicity for suckling mice. Infection of 
these animals with most strains of Coxsaclde B 
virus results in encephalitis, necrotizing stcatitis 
liegeneriAitin oS 'mown Incfpa'ntis, and cJrr- 
ditis. Pancreatitis often occurs in both adult and 
suckling mice. Inflammation and necrosis of skeletal 
muscle are less common and less prominent than 
they are after infection of suckling mice with C<rc- 
sackie A viruses. All CoxsacUe B viruses produce 
cytopatliic changes in monkey kidne)' tissue cul- 
tures; this is usually the most sensitive method for 
detecting xarus in feces or throat washings. Final 
identification is based on serologic studies, primarily 
by tissue culture neutralization or by complement 
fixation, procedures which are less formidable than 
those for identification of CoxsaeWe A or ECHO 
viruses because only six types of Coxsackie B virus 
have been recognized. 

It must be borne in mind that Coxsackie B vi- 
ruses are not the sole etiologic agents of pleuro- 
djmia, pericarditis, and myocarditis of the newborn, 
as was once thought. Clinically indistinguishable 
syndromes are occasionally associated with infec- 
tions by Co.xsackie A, ECHO, and probably other 
viruses. Nevertheless, desenptions of these diseases 
are presented in this chapter because Coxsackie B 
viruses are by far their most common cause. The 
role of Coxsackie B viruses in aseptic meningitis 
(p. 1135) and enteroviral exanthems (p. 1162) is 
discussed elsewhere. 

PLEURODYNIA 

Definition. This is an acute infectious disease 
characterized by sudden onset of paroxysmal lower 
thoracic and abdominal pain and fever. Common 
synonyms are Bornholm disease, epidemic in)'3lg*a, 
and devil's grip. 

Epidemiology. Pleurodynia is a disease of the 
summer and autumn that occurs in epidemic form 
throughout the world. All age groups are affected, 
but the highest incidence is in children and youOg 
adults. Explosive outbreaks with high attack rates 
b'ave Wen lepnrtei, ■pnrtircAaAy m 
it is more usual for epidemics to start insidiously, 
reach a peak in sex oral ueeks, and subside oxer a 
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period of months. Multiple cases in a single house- 
hold are infrequent, indicating a predominance of 
asymptomatic infections and carriers. Infection is 
spread by close personal contact, probably by the 
fecal-oral route through fomites, food, and xx’ater. 
Other modes of transmission are suggested by iso- 
lation of Coxsaclde viruses from respiratory secre- 
tions, sexx'age, and flies. 

Manifestations. The incubation period Is usually 
2 to 5 dajs but may be as long as 2 weeks. Mild 
prodromal s^mptonis, such as malaise, sore throat, 
coryza, anorexia, or mj’algia, may be present for 
several dax's. Hoxvever, the most characteristic fea- 
ture of the disease is the sudden onset of sex’ere, 
sharp, paroxysmal pain over the loxxer ribs or in the 
sciWteinjA sata. is acttfrAua'ied *oy mtmng, Vretfdi- 
ing, coughing, sneezing, or hiccupfng and may be 
referred to tlie shoulders, neck, or scapulas. Pam 
and spasm of the anterior abdominal muscles occur 
in about half tlie cases, often in combination with 
chest pain but sometimes limited entirely to the 
lower abdomen. Muscle tenderness is usually not 
prominent, but some patients complain of intense 
cutaneous hyperesthesia and paresthesias over the 
affected area. Headache is frequent and is some- 
times of excruciating severity. The disease may be 
accompanied by delirium, dizziness, and true ver- 
tigo. Fever with temperatures of 100 to 105*F de- 
velops shortly after the onset of pain and is often 
preceded by chilliness or shaking chills The tem- 
perature may be elevated in the early morning, fall 
to normal at midday, and rise again in the evening 
Respiratory manifestations are not prominent, but 
there may be mild pharyngeal injection and non- 
productive cough. Conjunctivitis and photophobia 
are rare. A pleural friction rub is detectable in 10 
to 23 per cent of patients and can persist after the 
pain subsides. Transitory erythematous rashes have 
occasionally been noted. Anorexia and nausea are 
frequent, and vomiting and diarrhea often occur m 
children. 

The complications of pleurodynia are largely the 
result of disseminated infection xx'ilh the causative 
virus. Meningitis can occur several days after the 
onset of pain and fever, or it may be tlie sole mani- 
festation of infection, indistinguishable from other 
forms of benign aseptic meningitis (see p. 1135). 
Orchitis developing in the second week of the dis- 
ease has been a frequent complication in certain 
outbreaks but is rare in others. Arthritis and jaun- 
dice have also been reported. 

The average duration of illness is 4 days but 
varies from I day to several weeks. Relapses occur 
in 23 to 50 per cent of cases, usually 2 to 3 days 
after subsidence of the initial episode but somc- 
tisaies a.tt.c,x asx «xtcxv5.\ <iC weeVs. pa- 

tients experience multiple attacks of equal sex'crily. 
Complete recovery' may be delayed for weeks bv 
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generalized weakness, but convalescence is other- 
wise uneventful, and there are no knowm sequelae. 
Immunity is tj’pe specific, and reinfection can occur 
with other t}q)es of Coxsackie virus. 

Laboralorj’ Findings. Cotsackie B viruses can be 
isolated from blood, urine, skeletal muscle, cerebro- 
spinal fluid, spinal cord, and myocardium. How- 
ever, isolation of Coxsaeb'e B virus from the feces 
or Uiroat washings does not constitute vah’d proof 
of infection unless supported by strong epidemio- 
logic evidence. Definitive diagnosis can be made 
by demonstrating a rising titer of neutralizing or 
complement-fixing antibodies in the serum. X-ray 
of the chest is normal except for rare instances of 
pneumonitis or pleural effusion. The blood leuko- 
C)te count is usually normal but can be low or 
moderately elevated. Slight eosinophilia sometimes 
occurs several days after onset or in convalescence. 
The cerebrospinal fluid may be normal or may con- 
tain as many as 300 cells, most of them mononu- 
clear. 

Differential Diagnosis. Pleurodynia is often con- 
fused with early bacterial pneumonia Nvhen pain 
is localized to the chest, and with intraabdominal 
disease, particularly acute appendicitis, when ab- 
dominal pain predominates. 

Treatment. Coxsackie viruses are not affected by 
antibiotics. Aspirin, codeine, or morphine is often 
rerjuired for symptomatic relief of pain. Tbe usual 
measures for relief of pleurisy (p. 1564) may be 
helpful. 

COXSACKIE PEMCARDITIS 

Coxsackie viruses, particularly group B, appear 
to be n major cause of acute benign pericarditis. 
Tins disease lias been reported predominantly in 
young adult males but may occur in either sex at 
any age. FencardiUs is sometimes the sole manifes- 
tation of infection w ith Coxsackie riruses, or it may 
be seen in association with pleurodynia and its com- 
plications. The principal manifestations are sbght 
or moderate fever for sex'eral days, substemal sore- 
ness or oppressive anterior chest pain radiating to 
the left arm, splinting of the chest, mild dyspnea, 
and apprehension. The diagnosis is usually sug- 
gested by the presence of a pericardial or pleuro- 
pericardial friction rub. Chest x-ray often xcveab 
an enlarged cardiac silhouette and signs of pleural 
effusion. Pericardial paracentesis may yield moder- 
ate amounts of serous or serosanguineous fluid 
which frequently b free of virus Electrocardiog- 
raphy usually confirms the diagnosis of pericardial 
disease. The presence of cardiac decompensation 
and conduction defects have been cited as evidence 
of m)ocardi.il as >vell as pericardial insuhTmenL 
Howescr, myocarditis is rarely severe in adults and 
\Iocs not appear to be a major component of Cox- 


sackie pericarditis. No fatalities have been reported, 
but relapses occur and several weeks may be re- 
quired for complete recovery. Insufficient data are 
available to determine the incidence of sequelae, if 
any. Establishment of an etiologic diagnosis de- 
pends on virus isolation from the feces or pharyn- 
geal secretions, or rarely from other sites, and dem- 
onstration of a rising anbbody titer to the virus 
isobted. 

MYOCARDITIS OF THE NEIVBORN 
Coxsackie B viruses also cause a severe, often 
fatal, mj-ocarditis of newborn infants which be- 
comes manifest in the first few days or w'eeks of 
life In several reported cases the infection appears 
to have been acquired in utero subsequent to a 
Coxsackie infection of the mother near or at temi. 
The disease may start abruptly and termmate in 
death within a few hours. Not infrequently, how- 
ever, the illness is biphasic with insidious onset of 
low-grade fei’er, diarrhea, apathy, and refusal to 
feed. There may then be a period of apparent re- 
covery for 1 to 7 days followed by high fever, 
cardiac decompensation, c)’anosis, shock, extreme 
tadiycardia, and arrhythmias. The electrocardio- 
gram may show conduction defects. Deterioration 
is rapid, and the outcome is usually fatal. Many 
of these infants also exhibit clinical signs of gen- 
eralized infecbon, particularly of the brain and 
liver, a syndrome designated as cncephalohepato- 
myoccrditts neonotOTim. 

Autopsy often reveals extensive necrosis and In- 
flammation of ra)ocardium, liver, brain, and spinal 
cord and interstitial pneumonitis. Coxsackie B vi- 
ruses, types 2, 3, 4, or 5, can usually be recovered 
from tliese tissues in large amounts. 
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ECHO VIRUSES 

Robert R. Wagner 

The term ECHO viruses is derived from an early 
description of these agents as enteric cytopatho- 
genic Ziuman orphan viruses. The name is still apt 
but must he qualified in the light of later studies. 
In common with other enteroviruses, the ECHO 
viruses primarily infect the intestine of man and 
are transmitted by the fecal-oral route, but they 
also multiply in the upper respiratory tract and can 
be disseminated to viitually any organ. Another 
characteristic is their ability to induce cytopathic 
changes in tissue cultures of monkey kidney and 
human amnion cells but not in HeLa carcinoma 
cells, ECHO viruses isolated directly from man are 
less pathogenic for suckbng mice and monkeys than 
are Coxsackfe and polioviruses; these criteria form 
the essential basis for classification of enteroviruses. 
^Vhen newly isolated strains of ECHO virus type 
9 were found to be virulent for suckling mice, they 
were reclassified as Coxsackie A type 23. Some 
types agglutinate human erythrocytes. 

Despite similarities in their biologic and epide- 
miologic properties, the ECHO viruses do not share 
a common complement-fixing antigen, as do the 
adetwiviruscs, and can be separated into at least 28 
immunologic types on the basis of complement fi-xa- 
tion and neutralization tests. Type speaficity is not 
absolute in that serologic cross reactions have been 
demonstrated between several types and to a slight 
extent with polioviruses. ECHO virus type 9 also 
exhibits an interesting antigenic relationship to 
herpes simplex virus. Enteroviruses similar to ihe 
ECHO group in man have been isolated from ani- 
mals and have been given names such as ECBO 
(bovine) or ECMO (monkey) viruses. None of 
these animal viruses has been implicated as an 
agent of human infection. 

The original concept of ECHO viruses as "or- 
phans,” or “viruses in search of disease,” has also 
undergone modification. In fact, we are now con- 
fronted with the converse problem of sorting out 
the diverse clinical manifestations c.iuscd In’ these 
agents that were formerly considered to be largely 
s.iprophjlic. Although some ECHO types are still 
of doubtful etiologic significance and can be iso- 
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latcd from apparently healthy individuals, others 
have been shown to induce a wide variety of path- 
ologic effects. Many of these disorders can also be 
caused by unrelated viruses (see p. 1112) and are 
discussed in other chapters of this book. Among 
flie disease entities in wliich ECHO viruses have 
been found to play an etiologic role are enteroviral 
exanthems (p. 1162), aseptic meningitis (p. 1135), 
viral enteritis (p. 1134), and rarely, various forms 
of encephalomyelitis, some of which can simulate 
poliomyelitis (p. 1139). Some epidemics have been 
characterized by the occurrence of combinations of 
these symptom complexes in the same infected in- 
divnduais. Although it is not possible to associate 
each type of ECHO virus with a specific illness, 
circumscribed outbreaks usually exhibit a prepon- 
derance of one clinical syndrome. For example, in- 
fections with ECHO virus type 16 often result in 
febrile exanlhem and enanthem (Boston exanthem), 
whereas type 6 virus has caused epidemic menin- 
gitis without rasli. ECHO virus type 9 has been 
associated with both meningitis and febnle e-xan- 
thems in the same epidemic, or either clinical en- 
tity may occur alone. ECHO virus type 20 can bo 
transmitted by the respiratory route, resulting in 
febrile wtanb. A large proportion of individuals in 
any epidemic may develop fever of short duration 
without other dislmgoishing manifestations of in- 
fection. There have also been isolated reports in- 
dicating that ECHO viruses occasionally can cause 
inOuenza-hke illnesses, pleurodynia, pericarditis, 
ocular palsies, orchitis, minor hepatic dysfunction, 
postinfcctious arthritis, and a syndrome simulating 
roeningococcemia 

Despite the protean nature of these disorders, 
the constitutional manifestations of infection with 
ECHO viruses often follow a pattern similar to that 
of poliomyelitis The course is frequently bipliasic, 
div'iding the illness into minor and major compo- 
nents Fever is common at the onset, and the tem- 
perature may occasionally reach 105'’F accompa- 
nied by true rigors. Most patients complain of 
frontal or retroorbital headache, anorexia, nausea, 
and vomiting; diffuse muscle and abdominal pains 
are not uncommon. Members of the ECHO group 
also infect the respiratory’ tract, frequently giving 
rise to cough, coryza, sore throat, and photopliobia. 
As a good illustration of this, an agent recovered 
from pharyngeal secretions of patients during epi- 
demics of acute febnle respiratory disease was 
originally known as the JH or 2000 respiratory vi- 
rus but has been reclassified as ECHO vims type 
28. Generalized lymphadenopathy lias been a 
prominent finding m different epidemics, but sple- 
nomegaly is more variable. The total duration of 
illness varies from a few days to several weeks. 
Excqit for rare fatalities in infants, recovery is 
usually uneventful. 
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VIRAL GASTROENTERITIS 
Robert R. Wegner and 
Ivan L. Benncit, Jr. 

Bacterial and prolozoart infections account for a 
minor fraction of the cases of g.istrocntcriUs In the 
United States. Many of the remainder arc prol>al>)y 
not Infectious in origin, but a significant proportion 
ore Uioiight to Ihj of viral etiology, lliesc vlnises 
base been much less carefully studied dian those 
associated witli acute respiratory and s)'stcmlc dis- 
eases. The frequency witli which Known enteric 
viruses produce symptoms of gastroenteritis with- 
out severe sj’stcmic illness has not been accurately 
detenmned However, during epidemics of polio- 
myelitis, Caxsacklc A and D infections, and infec- 
tious hepatitis, diarrhea can be tlic sole manifesta- 
tion of infection, particularly in joung children. 
Undoubtedly, the most important ctiologic agents 
among the enteroviruses ore various members of 
the ECHO group. During epidemics of diarrhea in 
infants and children, ECHO viruses, often of one 
type, have been recovered from feces in as many 
as 50 per cent of affected individuals. Scrum anti- 
body responses to Uie viruses isohated have also 
been demonstrated. Many children with severe ill- 
nesses are also infected with palJiogcnic strains of 
Escherichia coh (p. 932), a finding which has led 
to the hypothesis that combined viral-bacterial in- 
fection accounts for some cases of infantile diar- 
rhea. Another important ebss of agents associated 
with gastroenteritis in children Is the rcovirus group 
(respiratory-enteric viniscs), originally classified os 
ECHO virus type 10. As indicated by their name, 
infections with reoviruses may take the form of 
acute respiratory or gastiointeslinal disease, or both. 
Other respiratory viruses can produce symptoms of 
gastroenteritis. Certain adenoviruses (p. 1116) ap- 
-pear to be particularly prone to cause vomiting and 
diarrhea, the incidence in some winter epidemics 


ranging as high as 40 per cent of those individuals 
vrilh respiratory sjmptoms. Although popularly 
called "intestinal flu," tlicfc is no evidence tliat 
winter gastrointestinal disorders arc attributable t<> 
infection with influenza viruses. 

Less is knoviTi about tlie viruses that cause g.is. 
trointcsUnal disorders in adults. Conventional lab. 
oratory methods have failed to disclose the etiology 
of most epidemics of nonbaclcrial gastroenteritis, 
although many of these studies were made before 
the availability of modem tissue culture methods 
Cordon and his associates have shown that two fil 
Icrabic agents, presumably viruses, can be trans. 
mitted to volunteers by the oral but not by iho 
respirator)' route. Immunity to one agent persisted 
for at least 15 months in individuals who were 
fully susceptible to the other. Although the clinical 
and epidemiologic features of these two forms of 
gastroenteritis overlap constdcrnbly, it is conveni- 
ent to classify them as afebrile and fchrUe t)-pcs. 

Afebrile Nonbaclcrial Costroenlcrltis (Viral Dys- 
entery}. Tlie ineuluticm period is usually 2 to 3 
da)-s but varies from 1 to 5 daj's. The onset is often 
abrupt but may be gradual and preecrlcd by mal- 
aise, anorexia, and nausea, which almost Invariably 
persist throughout the illness. Vomiting can occur 
on the first day but is not prominent thereafter. 
Crampy abdominal pains of mdd or moderate se- 
verity may be tlie first s)Tnptom. The most charac- 
teristic feature is persistent watery diarrhea with- 
out blooil, mucus, or pus in the stoob. Tenesmus is 
uncommon, although many patients have more than 
20 bowel movements a day. .Mild headache ami 
fever with temperatures up to 101*F, a day or two 
after onset of gastrointestinal s>Tnptoms, are some- 
times present. Tlic usual duration of illness is 3 to 
4 days but nuy be as long as a week. 

Adults recover uneventfully without complica- 
tions or sequelae. Young children can become se- 
verely dch)dratccl, retjuiring parenteral replace- 
ment of fluid and electrolyte losses. Symptomatic 
relief of diarrhea is best athteved with tincture of 
opium (paregoric) given after every bowel move- 
ment or c\ cry few hours. 

Febrile Nonbaclcrial Castrocntcritis. The incti- 
bation period is 20 to 30 hr. The onset is usually 
abrupt and chiraetcrized by moderately severe 
colics abdominal pain, and vomiting. Dianhea is 
infrequent, altliougli Uicrc may be an increased 
number of formed or soft stools. Chilliness and 
cold sweats may be present at the onset, and a tem- 
perature of 101 to 103®F, headache, malaise, and 
prostration arc prominent features. The illness 
rarely lasts longer than 48 hr. Specific treatment 
is not available, but atropine may relieve the ab- 
dominal pain and vomiting. 

A disorder known as “winter vomiting disease" 
appears to be similar in onset, duration, and clini- 
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cal manifestations but is more frequently associated 
with (lianhea. It is only mildly contagious and has 
not been transmitted to volunteers. 

Diarrheal Diseases Caused by ECHO Viruses. 
Tlicse disorders occur predominantly in children 
during the summer and autumn and may assume 
epidemic proportions. The incidence in adults h 
not fcnouTi, but laboratory-acquired infections with 
ECHO vims t)pc 11 resulted in an illness of abrupt 
onset and brief duration with watery diarrhea, se- 
vere vomiting, abdominal cramps, and chilliness. 
Intestinal infections with ECHO viruses are most 
severe in infants, who may require hospitalization 
for treatment of dehydration. Profuse diarrhea is 
almost invariable, and the stools frequently contain 
mucus or blood. Bulk)’ and foamy stools have also 
been described. Vomiting occurs in the majority of 
eases but may be absent. Fever is generally present 
from tile outset, but unless the illness is prolonged 
or complicated by severe dehydration, it is usually 
not prominent. 

Differential Diagnosis. Dietary indiscretions, ex- 
cessive ingestion of alcohol, and psychologic stress 
can precipitate vomiting and diarrhea that closely 
simulate acute viral gastroenteritis. St.iphylococcal 
food poisoning (p. S98) invariably lias a precipi- 
tous onset of severe vomiting and retching, ordi- 
narily without fever or diarrhea, 1 to 6 hr after 
ingestion of the incriminated food. Salmonella gas- 
troenteritis (p. 047) usually has a 12- to 48-hr 
incubation period and is often associated uith sys- 
temfe manifestations, fever, and Icukocj'tosis. Out- 
breaks of food poisoning are cliaraetcrized by ex- 
plosive and simultaneous occurrence of s)'mptoms 
in affected individuals without late secondary cases. 
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whereas epidemics of 'Viral" gastroenteritis begin 
insidiously, usually continue for several weeks, and 
cannot be traced to food or water supplies. Mild 
shigellosis (p. 949) may be difficult to differentiate 
from "viral" gastroenteritis, but outbreaks usually 
result in cases with sustained fever, tenesmus, and 
bloody, purulent stools that contain d)’sentery 
baalli. 
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Section 16: Viral Diseases of the Centi'al 
Nei'vous System 


1 Q7 VIRAL MENINGITIS 
TO ! AND THE SYNDROME OF 
ASEPTIC MENINGITIS 
Ivan L. Bennett, ]r., and 
UaymondD. Adams 

More than 40 viruses are knoivn to be capable of 
producing symptomatic injury to the human cen- 
tral nervous system although the frequency and 
severity of neurologic mvohement vary widely for 
infection by clifferent viruses or by different strains 


of a single virus. When neurologic manifestations 
appear during the course of a recognizable clinical 
entity of viral etiology such as mumps, chickenpox, 
or pleurodynia, diagnosis is usually easy. However, 
in illnesses where overt evidences of organ in- 
volvement are confined to the nervous system, iden- 
tification of the causative virus is a laborious and 
complicated procedure and even the most experi- 
ence laboratories fail to establish the etiology of 
30 to 50 per cent of cases. 

Despite the large number of viruses which are 
frequently or occasionally neurotropic, only three 
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major constellations of symptoms and signs are 
elicited with regularity: (1) the sjmdrome of poUo- 
mijclUis, almost invariably a result of infection by 
one of tlic polioviruses, discussed in the next chap- 
ter (p. 1139); (2) the sj-ndrome of cncepfutUth or 
meningoencephalitis, the manifestations and di- 
verse etiologies of which arc discussed beginning 
on p. 1152; and (3) the sjoidromc of osepfic or non- 
suppurative meningitis, discussed in this chapter. 

While the clinician is justified In suspecting a 
viral infection whenever one of these sjoidromcs ap- 
pears during a febrile illness, other infecthe agents 
or inflammatory mechanisms can cause similar 
clinical pictures. In most instances, the identifica- 
tion of a Wrus is achieved only after a patient is 
convalescent, and the information is useful in prog- 
nosis, in epidemiologic studies, or in planning pro- 
phylactic programs rather than as a guide to treat- 
ment. However, because scieral of the other dis- 
orders that can produce these syndromes are 
amenable to specific therapy, it is imper-ativc to 
consider nonviral etiologie possibilities In every 
patient. 

ASEPTIC MENINGITIS 

Definition. Tlie term aseptic meningitis, first used 
by Wollgren In 1925 to designate what was thought 
to be a specific disease, is now applied to a symp- 
tx»m complex that can be product by many dif- 
ferent agents The syndrome consists of fever, signs 
of meningeal irritation (headache, stiff neck), and 
an aZinomifll cerebrospinal fluid. As a rule, frank 
signs of motor or sensory Impairment arc absent 
although drowsiness, confusion, and. rarely, con- 
vulsions or coma may appear. 

Tlie cerebrospinal fluid findings consist of plcoaj' 
tosis (mainly mononuclear except in the initial 
stage) and bacteriologic sterilitij. Tlie protein level 
IS usually normal or slightly elevated. The concen- 
tration of glucose in the spina] fluid is extremely 
important; with rare exceptions, it is normal in 
viral infections. Tlie findings of pleocytosis and low 
glucose in a spinal fluid that is bactcriologlcnlly 
sterile suggest tuberculous meningitis (p. 1010), 
mycotic mcmtigills (cryptococcal, p. 10^), or rare 
mslances of meningeal involvement by sarcoid, 
lymphoma, or metastatic carcinoma. Because the 
spinal fluid glucose can be normal in tlic early 
stages of tuberculosis or cryptococcosis, tliis deter- 
mination should be repeated at intervals until a 
diagnosis has been established or the patient is 
definitely convalescent. 

In aseptic meningitis of viral tw^igin, febrile illness 
seldom exceeds 10 days and recovery is complete 
witliout residual symptoms. 

Viral Infections. The vast majority of cases of 
aseptic meningitis are accounted for by nonparnlytic 
-poliomyelitis (p. 1141), Coxsackieviruses (pp. 1130 


and 1131), ECHO viruses (p. 1133), mumps (p 
1180), and lymphocytic choriomeningitis (see be- 
low). Indeed, these viml infections along with 
leptospirosis comprise more than 03 per cent of all 
cases of aseptic meningitis of cstiblishcd etiology'. 

In tlieir milder forms, postvaccinal meningoen- 
cephalitis (p. 1163), or the central nervous system 
complications of measles (p. 1158), nibcll.i (p. 
IICO), chfckcnpo* (p. IIGO), and rabies prophy- 
laxis (p. 1149) produce aseptic meningitis. The 
diagnosis is usually made on tlie basis of recent ill- 
ness or inoculation. 

Ilcipes simplex (p. 1170) and the arthropod- 
borne (arbor) encepbahtls viruses {p. 1152) are re- 
sponsible for a small proportion of c.iros of aseptic 
meningitis Infections by tlie arbor viruses are likely 
to be encountered in epidemics along with cases of 
frank encephalitis and (end to occur in certain geo- 
grapbic oreas, faciliLiting early clinical recognitiort 
although specific identification of the virus involved 
may be cjuite dilliciilt. 

Neurologic manifestations, including the syri' 
drome of aseptic meningitis, appear occasionally in 
the course of influenza (p. 1123), psittacosis (p 
1120), lymphogranuloma venereum (p. 1177), Colo* 
rado tick fever (p. nOO),heTves zoster (p. 1108). 
West Nile fever (p. 1191), Rift Valley fever and 
enccphalomyocarditis (p. 1195), and others of 
the “exotic” agents mentioned in Chap. 210 (p. 
1192). 

Tlie icteric stage of infectious hep.atitis (p 1670) 
rarely is preceded by mild meningitis, the nature of 
which is readily evident when jaundice appears 
Among diseases of possible or probable M’ral etiol- 
ogy. infectious mononucleosis (p. 124S) sometimes 
pr^uccs wh.it appears to be a prim.iry meningitis, 
and rarely, pnmary atypical pneumonia (p. 1120) 
is complicated by aseptic mcninp'lis or other neuro- 
logic disorders. 

Lymphoetjlic Choriomeningitis (LCM). This 
viral disease is responsible for 3 to 10 per cent of 
sporadic c.a$es of aseptic meningitis throughout the 
world. The reservoir of infection is in lower animals 
of which mice are by far the most important. Mice 
acquire infection at or near birth, .and despite the 
development of .-intibody, virus persists in urine and 
other excreta for life. Surv’cys have shown that as 
many as 20 per cent of wild mice ore carriers, and 
infection is also endemic In many colonies of labora- 
tory mice. Man acquires infection by direct expo- 
sure to animals or by inhalation of infected excreta 
in dust. Transmission among animals or from ani- 
mals to man by arthropod vectors or by “superin- 
fected" adult and larval forms of TrichlncUa spiralis 
hav-e been shown to be fe.asible, but neither has 
been proved to occur naturally. Man-to-man trans- 
mission is extremely rare if. Indeed, it occurs at all 

The manifestations of mfection by the LC.M virus 



VinAL DISEASES OF THE CENTRAL NERVOUS SYSTEM 


in man form a spectrum reminiscent of infection by 
the poliovinises (p. 1139). Serologic sur\’e}'s indi- 
cate that inapparent or unrecognized infection is 
common in the population. It is also clear that J^onp- 
lomatic infection in man ordinarily consists of a 
clinically nonspecific, grippe-like, respiratory illness 
and that meningeal involvement is by no means a 
regular occurrence. Rather, neurologic manifesta- 
tions appear only occasionally and ns a late "com- 
plication,” usually following a short remission of the 
initial sjTnptoms. 

The exact inctihation period is not known but it 
is probably only a few days. Tliere are remittent 
fever (sometimes with rigors), anorexia, n).i)aise, 
generalized aching, headache, and respiratory mani- 
festations ranging from pliarjaigilis, cough, and 
bronchitis, to frank pneumonia. Fever and discom- 
fort often vai)’ in their intensity, abating somewhat 
and then recurring over a period of 1 to 3 weeks. 
Many patients then recover completely. In others, 
however, apparent convalescence is inlcmipted by 
a recurrence of fever and the abrupt onset of head- 
ache, photophobia, and signs of meningeal irrita- 
tion. This second stage of the disease ordinarily lasts 
7 to 10 days and prompt rcco\'ery is the nile, but 
relapses or recurrences of meningdal symptoms are 
seen occasionally. A few patients exhibit transient 
erythematous or papular rashes during the menin- 
geal phase. About 50 per cent of patients with 
aseptic meningitis caused by the LCM virus have 
radiologically demonstrable pulmonary tnCtUralcs. 

There is a mild leukopenia during the resplnitory 
phase, but the peripheral leukocyte count is nonnal 
by the lime of the onset of meningitis. The cere- 
brospinal fluid pressure may be increased; protein 
is norma] or slightly elevated, and glucose is normal 
in the vast majority of cases. The cell count usually 
ranges from 100 to 3,000 mononuclears per cu mm, 
but counts of more than 30,000 have been noted. 

The virus is present in the blood, nasopharynx, 
and urine during the respiratory illness and in the 
spinal fluid during meningitis. It can be isolaletl by 
intracerebral inoculation of mice or hamsters from 
uninfected colonies. Subcutaneous or intraperitoneal 
inoculation of guinea pigs is less satisfactory. 

Specific serologic diagnosis depends upon dem- 
onstrating a rise in serum complement-fixing 
(after 2 weeks) or neutralizing (G to 8 weeks) anti- 
bodies. 

Rare fatalities during the initial illness have been 
reported. These patients showed high fever and 
leukocytosis, and at autopsy extensir’e hepatic ne- 
crosis and interstib’al pneumonia were found. Also 
unusual is the occurrence of true encephalitis which 
can-lead- to death. 

Other Causes. The isolation and characterization 
of newly discovered viruses will undoubtedly con- 
tinue to reduce the proportion of cases of aseptic 
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meningitis that remain undiagnosed even after 
complete laboratory study. 

The most important nonviral cause of aseptic 
meningitis is leptospirosis (p. 1084). \Vhile the in- 
ddence of tins infection varies, as many as 10 per 
cent of the cases in some areas are leptospiral in 
origin. 

Acute syphilitic meningitis, usually a neurore- 
lapse resulting from inadequate arsenolherapy in 
early syphilis, h.is virtually disappeared. Papil- 
ledema is frequent in this disease and this finding 
in a patient with aseptic meningitis should arouse 
immediate suspicion of syphilis. Occasionally, when 
lumbar puncture is performed on a patient with a 
febrile illness accompanied by' headache, there w’ill 
be found pleocytosis and elevated spinal fluid pro- 
tein. This can lead to considerable confusion in 
establishing a correct diagnosis until it is realized 
that the spinal fluid abnormality I's unrelated to the 
acute illness and that one is dealing with the coin- 
cidence of influenza or some similar disease in a 
patient with asymptomatic neurostjphihs. 

Contiguous suppurative infection (mastoiditis, 
sinusitis, or brain abscess) can produce pleocytosis 
and elevation of spinal fluid protein (p. 1047) The 
spina) fluid glucose is normal and the fluid contains 
no microorganisms on smear or culture. The thera- 
peutic importance of recognizing the nonNirol etiol- 
ogy of this type of aseptic meningitis is self-evident 

Children with scarlet fever or streptococcal phar- 
yngitis rarely develop meningeal signs and pleocy- 
tosis, the result of a sterile, “serous” inflammation 
tliat docs not invol\'e actual bacterial invasion of 
the meninges. Many patients with serum sickness 
(p. 1268) have abnormal spinal fluid and a few 
have frank signs of meningitis without evidence of 
serum neuropathy. 

Headache, meningeal signs, and pleocytosis some- 
times occur in the course of systemic lupus erythe- 
matosus (p. 1892). 

parasitic diseases in which involvement of the 
central nerx'ous system occasionally takes the form 
of an aseptic meningitis (although it is more often 
a frank encephalitis) include toxoplasmosis (p. 
1208), schistosomiasis (p. 1225), and trichinosis 

(p. 1221). 

Fmally, attention must be drawn to a clinical 
situation that is all too frequently seen. Patients 
tcith pyogenic meningitis who are given antibiotics 
in inadequate dosage without examination of the 
^iRof fluid may be seen at a time when infection 
has been suppressed to the point that mononuclear 
cells predominate, glucose is normal, and orgam'sms 
xure not detectable in the spinal fluid. A mistaken 
diagnosis of aseptic meningitis is often made when 
the spinal fluid is Erst examined; the true state of 
affairs becomes evident only' when the patient 
worsens and bacteria again appear. Careful atten- 
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tion to a liistorj’ of Tcccnt nnliinicrolii.il therapy 
sometimes permits recognition of these eases licforc 
serious sjTTiptoins ream 

Diagnosis. In nny patient suspected of siral 
meningitis, scrum should Ixj stored for future 
serologic comp.irison with convalescent specimens, 
and if viral isolalion is to be atiempted, prnpeily 
collected specimens of stool, nasopharjTigeal secre- 
tions, bIoQ<l, cerebrospinal fluid, and urine slmidd 
be transmitted to the lalioratory. 

Clinical distinctions between the many diffcient 
forms of aseptic meningitis cannot Ixs made with o 
high degree of rcluhility, but tisefiil leads c.in Ijc 
oblainctl by careful alicntion to certain di-tafls of 
histoiy and phj'Sical rsamination. 

Tlie season during which illness ocatrs m.ay be 
helpful Entcrosiral infections (pohom)ehl{s, Cos* 
sacLic. ECHO) ate diseases of tnidsvimmcr and 
early fall, August and Septemlwr usinlly licing peak 
months The arthropod-home diseases also ocatr in 
Slimmer and fall (coinciding with the popiihlicm 
of insec-t sectors), and while leptospirosis may oc- 
cur at any se.nson, its incidence In the United St-ntes 
shows a striving peak in August. Mumps .and In- 
fectious mononucleosis occur In late winter and 
spring LjTTiphocjtic choriomeningitis is particuLirly 
common m late fall and winter, presumaldy liccause 
field mice enter dwellings at tins time. 

A definite p-ast history' of mumps aids in escliid- 
mg this disease, second attacks liemg ver)- unusual. 
A histor)’ of sjphilis should be ln(|uircd alioiit care- 
fully Preceding upper respirator)- infection of long 
duration suggests l>Tnplioc) lie choriomeningitis. 
Sore throat, l)'mphadenopat}i) , or rash point to in- 
fectious mouomicleosis or ECHO infection 

Scscrc back and leg pain occur m poliomyelitis, 
leptospirosis, and trichinosis Aseptic meningitis 
during prepmney is likely to be poliomyelitis Es- 
posiire to animals such as mice (LCM), dogs, rats, 
or swine (leptospirosis) may gho a hint in diagno- 
sis Swimming in stagnant water, or an occupation 
such .IS scterinary medicine, poultry or fish dressing, 
and sewer work suggests leptospirosis. 

Leptospirosis is predominantly n disease of males; 
in some series more than 00 per cent of p.'ifirnts ore 
men, a disproportion not accounted for entirely by 
occupational exjwsure. Leptospirosis is unusual in 
children; tlie reasons for this arc unknown. .Mumps 
meningitis is at least Use times more common in 
males than in females. 

The presence of any condition which is known 
to predispose to brain abscess constitutes Important 
information. These Include recent pneumonia, 
chronic pulmonary suppuration, empyema, bacterial 
endocarditis, congenital heart disease, otitis, and 
sinusitis. 

Careful search fur ros/i must be made in con- 
^ inrcclioiis mononucleosis, ECHO Mral in- 


fection, nnd leptospirosis (often n transient, blotchy 
ct)lhcin.i). Iclrrut suggests Irifeitions monomiclco- 
sis or viral hqntilis; It Is not present In pure menin- 
geal fcjitospirosis Conjiinctkal su0uiion is com- 
mon in leptospirosis am! may lx- seen in trichinosis. 
The ifl/itory g/onr/s nm! frsfrs should l« examined 
wUh special care; minimal Inxnlvrment mav lx* the 
only indiention of mumps Tlie presence o/ pufmo- 
nary hfihnitrt suggests LC.M, Icptuspirnsfs, infec- 
Itous monomictcosis, or psittacosis. 

Few laboratory tests are helpful. Tlie peripheral 
IciiLocyle count is often normil. hut leukopenia 
can accompany so many of the dijc.nses responsihle 
for ase]i(ic tneiiingitis (infectious mononucleosis, 
Colorado tick fever, LC.M, lupus erylhematosus. 
etc.) tli. 1 t it is rarely a useful finding Enslnophiha 
should suggest n p.irasitic infestation, Iculocilosis 
m.iy nccorapany hrsin abscess, and occasionally, 
infectious mcnniiuclcosis w ill firs! be recognircil by 
ll»e blood smc.ir. LCM produces the highest plcoc) • 
tosis, and aseptic meningitis with spinal fluid eel! 
counts of 3.000 or more mononuclears is olm'nt 
surely this disease. Sctolngie tests for syphilis p«*r- 
formed on spinal fluid in tneningdis must Iv In- 
tcrpreteil with caution liccniisr fnflimm.ition of 
many types can produce a false posillso reiction 
Infectious mononucleosis and lupus ciylhematoius 
can elicit hiologie false positive scniin tests for 
syphilis LtvTf function tests nre abnormal in m.iiw 
paliails with infectious mrmoniicleosl* and In anlc- 
Irnc hepatitis, hepatic abnorm-ihlies nre not regu- 
l.irly present in tJic other entities under considera- 
tion. 

In summary, while chnlc.il findings, season.nl oc- 
airrcnce, and l.il>otalory tests can lotnetimes enable 
the physiclin to direct further diagnostic efforts 
along sptxific lines, they arc rarely conclusive 
Most im]x>r(ant Is constant attention to tlie possible 
presence of tuberculosis, cryptococcosis, syphilis, 
brain abscess, or iTiadcrjuately treated pyogenic 
roimmgllis masfjucr.itllng IcmjxmiTdy as ll« syn- 
drome of aseptic meningitis. 
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POLIOMYEUnS 

Louis Weinrfein 

DeSnition. Poliomyelitis is a common acute viral 
infection which occurs naturally orJy in man and 
produces a wide variety of clinical manifestations. 
In its most severe form, it involves parts of the 
central nervous sj’stem. In most instances, the nerv- 
ous system is not invaded; infection may tahe place 
without apparent illness, or it may result in the pro- 
duction of nonspecific spdromes or in invasion of 
the nervous system with or without the develop- 
ment of dysfunction. 

Etiology. The causative agent of poliomyelitis is 
a virus ranging from 8 to 30 mu in diameter, patho- 
genic for man, monkeys, and chimpanzees. Three 
antigenically distinct tj^es have been defined: type 
I (Brunhilde), type 11 (Lansing), and ^e III 
(Leon). Although some degree of cross neutraliza- 
tion is demonstrable in highly immunized experi- 
mental animals, infection in man 'vith one type does 
not protect against invasion by another. Poliomye- 
litis virus grows well in tissue culture. 

The I’iruses of poliomyelitis may remain viable in 
water or sewage, under proper conditions, for as 
long as 4 months. They are not killed by ether, 
Merthiolate, tincture of Zephiran, ethyl alcohol, or 
low concentrations of phenol, but are uiactivated by 
heat, bichloride of mercury, oxidizing agents, 2 per 
cent tincture of iodine, ultraviolet li^t, and 10-min 
exposure to a chlorine concentration of 0.05 ppm. 

Epidemiology. Poliomyelitis is world-wide, but 
epidemics have been limited to a relatively small 
number of areas. That the disease is mu<^ more 
prevalent than is suggested by the number of clin- 
ically recognized cases is proved by the widespread 
distribution of neutralizing antibody to the v’irus 
in population groups in which it was thought to 
be rare. In areas Nsbcrc infection without involve- 
ment of the nervous sj’stcm occurs, about 95 per 
cent of the disease is clinically unapparenL Poho- 


myelitis occurs mainly in the warm montlis of tlie 
year, with the highest frequency from July through 
September in the North Temperate Zone, althougli 
R may appear as early as April or as late as Decem- 
ber. In tropical or subtropical regions, the "season” 
may be prolonged. 

^rtain environmental factors are of importance 
in determining the risk of e.xposure to poh'omyelitis 
virus and the development of infection. In areas of 
poor sanitation, most individuals develop neutraliz- 
ing antibodies in early childhood, rvhereas in locali- 
ties where sanitation is good, the peak of popula- 
tion immunity is not reached until fifteen years of 
age or older. Urban divellers become immune ear- 
lier than those who live in rural areas. In lower- 
income gj'oups, evidence of contact with polio- 
myelitis virus appears at a younger age than in 
individuals whose financial status is good, this may 
only reflect differences in crowding and sanitation 
In some parts of the world, certain racial groups 
appear to be more susceptible than others, but this 
is not constant for a particular race in a different 
area. 

Poliomyelitis was most common In the preschool 
child until about 25 years ago. In the past quarter 
of a century, however, it has been Increasing in 
older age ^oups; in some recent epidemics, 25 to 
30 per cent of patients have been older than fifteen 
years of age. Ibe increase in adult cases is not due 
merely to aging of the population or increased re- 
porting of paralytic and nonparalytic cases. Young 
children are sbU affected more often than adults. 
Paralytic disease has been described in the neonatal 
period and late in the sixth decade of life but is 
very uncommon at these age e.Ttremes. 

PaOiogenesis. Man is the sole reservoir of polio- 
myelitis virus. Human carriers, especially those with 
unapparent infection, are most important in trans- 
mission of the virus to susceptible contacts; history 
of contact with recognized cases is uncommon. Milk 
has been incriminated os the source of infection in 
one epidemic. 

Virus is present in the stool and oropharynx of 
patients with pohomyclitis regardless of the clinical 
type of disease. It is recoverable from pharjaigcal 
secretions for only a few days but is demonstrable 
in the feces for several weeks. The weight of opin- 
ion favors the intestinal tract as the main source 
from which virus is disseminated. The mode of in- 
fection is, therefore, fccal-oral, the same as that m 
salmonellosis, shigellosis, and other enteric infec- 
tions. Very small quantities of stool contain thou- 
sands of infective doses of poliomyelitis virus. Large 
quantities of virus are present in sewage drained 
from areas in which the infection is present. The 
role of tbe fly in tbe transmission of poliomyelitis 
is not settled. Flies trapped in areas close to cases 
of poliomyelitis may cany the virus. Food e-xposed 
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to flies from homes m wliicli poliomyelitis was pres- 
ent has protlucccl the disease in monkeys to whom 
it \vas fed. Attempts to reduce the spread of dis- 
ease in epidemics by eradication of the fly popula- 
tion, however, has not been successful. Poliomye- 
litis is as highly communicable as measles or vari- 
cella; in Individuals under fifteen years of age, 
infection, with or svilhout clinical manifestations, 
occurs in 100 per cent of household and 87 per 
cent of daily contacts. 

The theory that poliomyelitis virus multiplies 
only in nervous tissue and reaches the central nerv- 
ous system only by way of peripfieral nerves from 
tbe pharynx or intestinal tract has \wn seriously 
questioned because of the demonstration of vlremia 
prior to the onset of clinical manifestations. Al- 
tliough the exact mechanism still remains to be 
proved, the following sequence of events has been 
postulated on the basis of experimental and clinical 
observations: (1) The virus enters by way of die 
mouth and begins to multiply in the oropharj-ax 
and lower intestinal tract. It escapes from cither 
area, there is no conclusho evidence as to which 
is more important in transmission. The site of xiral 
growth is probably cxtranoural Virus is present In 
pharyngeal secretions and stool during the incuba- 
tion penodj it has been demonstrated in the fcccs 
as long as 19 days prior to onset of the disease. 
(2) The phase of "minor lUncss" (described bclmv) 
develops in association w-ith the presence of the 
virus in the blood, throat, and feces, die siremia 
persisting for only a few days until antibo<IieS make 
thevr appearance. Tire following migration of the 
infectious agent has been suggested: Virus m the 
intestinal tract penetrates the lymphatic cliannels 
and enters the blood stream, from winch ft k dis- 
seminated into the mteistilial tissue spaces ami then 
reaches the lymph nodes, wliere it may be detected 
for a penoci after the stage of viremia fftere is 
still some question whether \iremia « primary and 
IS followed by invasion of the nervous system, or 
whether it is merely a manifestation of spdl-ovcr 
from already infected neural tissues. (3) Tlie final 
stage in the pathogenesis of poliom)ehtis is inva- 
sion of the nervous sjsteni. Tliis is thought to follow 
the viremic stage, during which the agent g.iins a 
foothold in the nervous system, in whicli it multi- 
plies. It has been suggested that the virus enters 
the nervous system from the blood at one point, 
perhaps the area postrema in tlie mcdulli oblon- 
gata, because this is more penetrable than other 
parts of the brain to dyes in)ected intravascolarlyj 
it has also been postulated, however, that viral in- 
vasion of the nervous system occurs at many points 
by direct passage of virus from capillaries to neu- 
rones. Once the infectious agent has reached the 
nervous s)'stem, it spreads along nerve fibers. 

,Central nervous system invasion in poUomyclitis 


results from the simultantxius operation of two 
^iips of factors: (1) those associ.Tte<l with the 
virus nnd (2) those related to the host. Strains of 
poliomyelitis virus varj' greatly in their ability to 
mvade nervous tissue from the blood or intestinal 
tract and to destroy neurones Repeated passage in 
animals or tissue cultures induces changes in inva- 
sive capacity without affecting the basic antigenic 
diameter of the agent. One of the host factors im- 
portant in dclermlnlng susceptibility to disease of 
the ncnxnis system is tjpc-spccific neutralising an- 
tibody, which is present even before the onset of 
sjTijptoms The early presence of detectable immu- 
nity is in favor of mnlliplic.ilion of virus in non- 
ncfvous tissue, and accounts for the short persist- 
ence of virus In the pharynx and blood, sites in 
which antibody is demonstrable. The prnisience of 
virus in the nervous system and intestine is prob- 
ably due to the difficulty which antibody has in 
reaching these areas. 

TIic most importint determinant of human sus 
ccptibilily to poliomyelitis is serum aniihodtj Pre- 
vious inapparent infection and illness without in- 
vasion of the nervous system are common in areas 
where the p.iraJ}1ic form of the discitsc occurs, 
these produce resistance to rcmvasion. .Many chil- 
dren and most adults possess neutralizing antiliody 
for all three ly pes of n inis, this probably accounts 
for die relative mfrcqucticy of the dtscasu In older 
age groups. Infants under six months old rarely get 
poliomycblis because immunity is pissively trans- 
ferred from Uic mollier, Dabics bom to women in 
the acute phase of poUomychtis esm develop llw 
disease sliortly after birth. The sex of patients plays 
a role In determining susceptibility. Among chil- 
dren, males arc aflected more often than females, 
die opposite is true in adults Pregnancy inaeases 
the risk of clmic.illy apparent poliomyelitis. Multip- 
arous femafes are more suscvptili/e than primip- 
aras. The di«;asc is somewhat more frequent m the 
second dian in die first or third trimesters. .Men- 
slniallon or ovulation appears to heighten suscep- 
tibility Absence of the lonsth and adenoids, regard- 
less of die time of their removal, is associated with 
a marked increase in incidence of bulbar poliomye- 
litis. Chilling or physical exertion after invasion by 
the virus leads to more frequent development of 
paralytic pohomyclitis, especially in adults. 


CLINICAL MANIFESTATIONS 
Tlie incubation period of poliomyelitis varies 
from 3 to 35 days; about 80 per cent of eases occur 
within C to 20 days after contact wnlli die vims. 
Tlie disease may assume one of four fonns: (1) 
unapparent infection, (2) "minor illness,'* (3) non- 
para^tic poliomyelitis, (4) paralytic poliomyelitis. 
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Vnapparent Infeciion 

In families in %\’hicli a clinically recognized case 
of poliomyelitis is present, other susceptible mem- 
bers usually develop unapparent infection. The bulk 
of infection wth the virus of poliomyelitis (35 per 
cent) occurs in this form. There arc no s)’mptoins, 
but the virus is present in tlie pharjm and intes- 
tine. It is probably also present in the blood. T^'p®" 
specific neutralizing antibody usually develops. 

'“Minor Illness” 

The entire course of poliomyelitis may consist of 
a nonspecific illness without clinical or laboratory' 
evidence of central ncr^'ous system invasion; this 
is *aborti\'e'’ pobomyclitis. TJiree symdromes have 
been observed; (1) upper respiratory manifesta- 
tions, consisting of fever of varying degree, pharyn- 
geal discomfort, with or without coiy’za, and red- 
dening and swelling of the lymphoid tissues of the 
throat; (2) gastrointestinal disturbances, with nau- 
sea, vomiting, diarrhea, or constipation, and ab- 
dominal discomfort, accompanied by moderate 
fever; (3) grippelike disease vvith fever and gen- 
eralized aching of muscle, bones, and joints, re- 
sembling influenza. Virus can be demonstrated in 
the pharyTuc, feces, and blood in tlio early stages of 
these “minor" illnesses. Type-specific neutralizing 
and complement-fixing antibodies develop during 
conv’alescencc. 

Nonparahjflc FoUomyelUts 
Nonparalytic poliomyelitis consists of prodromal 
manifestations, signs of meningeal irritation, and 
abnorm.alitios of the spinal fluid. The prodrome is 
similar to that of the “minor” illnesses and Is usu- 
ally present for several days before the onset of 
other signs; it may be entirely absent. Stiffness of 
the neck and back, positive Kemig’s signs, and. 
With severe meningeal irritation, leg and neck Bred- 
zinski’s signs are present. Tlie tripod (patient ex- 
tends arms behind back with hands on bed for sup- 
port when sitting up) and Hoync’s signs (head falls 
back when, with patient in supine position, shoul- 
ders are elevated) can be elicited in paralytic or 
nonparalytic poliomyelitis but are not pathogno- 
monic. The spinal fluid usually contains between 
25 and 500 cells, rarely as many as 1,000 to 2,000. 
Very early in the disease, there is often a prepon- 
derance of neutrophils (up to 80 per cent); within a 
few days, however, mononuclear cells predominate. 
The protein is normal or slightly elevated at the be- 
ginning of the illness but may increase to between 
50 and 100 mg per 100 ml. The sugar content is 
normal or moderately elevated. These findings indi- 
cate an inflammatory reaction of the meninges but 
are not diagnostic of poliomyelitis They are also 
present in healing bacterial meningitis, tuberculous 


meningitis, focal embolic encephalomyelitis (sub- 
acute bacterial endocarditis), scarlet fever, pertus- 
sis encephalopathy, leptospiral meningitis, syphilis, 
mumps meningitis, Co.xsaclde virus infections, 
herpes simplex meningitis, infectious mononucle- 
osis, trichinella meningitis, brain abscess, multiple 
sclerosis, tumors of the brain or spinal cord, allergic 
reactions involving the nervous system, postinfec- 
tious encephalitides, “infectious” pol>*neuritis, and 
lymphocytic choriomeningitis. The diagnosis of non- 
paraljtic poliomyelitis on clinical grounds alone is 
impassible, because the signs, symptoms, and lab- 
oratory findings are completely nonspecific. Viral 
and immunologic studies suggest tliat less than 40 
per cent of cases of “nonparalytic poliomyeUtis” are 
actually this disease; mumps meningitis without 
salivary gland involvement (p. 1180) and Cox- 
sackie v'rius disease (p. 1131) are the two most 
common differential diagnoses. 

The course of nonparalytic poliomyeh'tis is be- 
nign. Defervescence usually occurs in 3 to 5 days, 
but meningeal irritation may persist for as long as 
2 weeks. No changes in reflexes or in muscle and 
cranial nerve function are detectable. The white 
blood count may be as high as 15,000 in the early 
stage of the disease but is usually normal within 
1 week. The spinal fluid often shows mononuclear 
pleocytosis and elevated protein for 2 to 3 weeks 
after the onset of the disease. 

Paralytic Poliomyelitis 

The syndrome of paralytic poliomyelitis consists 
of prodromal manifestations (“minor" illness ) , signs 
of meningeal irritation, abnormal spinal fluid, and 
signs of involvement of motor nerve cells in the 
spinal cord, brain, or cranial nerve nuclei, resultmg 
in paresis or paralysis of various muscles Lesions 
may also be present in parts of the nervous system 
other than anterior horn cells; the precentral gVTUs, 
the reticular formation in the medulla, the roof nu- 
clei and vermis of the cerebellum, Auerbach’s and 
Meissner’s plexuses, and sympathetic ganglions are 
usually found to be involved in fatal cases. Seldom, 
however, are there clinical signs pointing to disease 
of these parts. “Skip” areas are common in spinal 
paralytic disease; e.g., involvement of the ceivical 
and lumbar cords is often present with no dysfunc- 
tion of the thoracic portion. 

Paralytic poliomyelitis may be subdivided into 
file followmg types; 

I. Spinal 

A. Cervical 

B. Thoracic 

C. Lumbar 

D. Any combination of A, B, and C 
IL Bulbar 

A. Upper cranial nerve im’olvemenl— 1I1,W,V,VI, 
VII.VIII 
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B. Lower craninl ncnc Involvement — 

C. Involvement of caediorevplralory centers 
III Dulbospiml 

I\'. Polioencephalitis — paralytic or nonpamlytlc 

A. Diflvise encephalitis 

B. Foc.il encephalitis 

C. Cerebellar involvement (?) 

D. Diilbocnccplialitlc disease 

E. Spinalcnccphalillc disease 

Piodromal manifestations are often absent in 
paralytic poliomyelitis. In some cases, the illness is 
bipliasic in cliaracter. In these cases, the disease 
starts with fever and mamfestalSons of one of the 
“minor" illnesses. After several days, nil symptoms 
disappear; in 5 or 10 days, there is rccnidcsccncc of 
fever, Uie development of signs of meningeal irri- 
tation, and the appearance of paralysis. The com- 
monest prodromal symptoms in adults are general- 
ized muscle and bone discomfort. In children, up- 
per respiratory tract syndromes are most frequent. 
The spmal fluid findings In paralytic pohomyclitis 
ore the same as those in the nonparalytic disease 
and bear no relationship to the severity of involve- 
ment or prognosis. It has been stated that the spinal 
fluid is completely normal in about 10 per cent of 
cases of poliomyelitis This incidence Is too high 
because of the inclusion of cases of "nonparalytic 
poliomyelitis, ’■ many of which, as pointed out above, 
are instances of some other disease In the autlior's 
experience, paralytic pohomyohtis may be accom- 
panied by a completely nonnal spinal fluid through- 
out Its entire course, but this occurs in no mote lh.m 
0 5 per cent of eases. In some patients, decrease In 
number of cells in the spinal fluid is .accompanied 
by .a progressive rise in protein, winch may reach 
levels high enough to cause confusion wath the cy- 
toalbiiminologic dissociation observed in “infec- 
tious" polyneuritis 

Spinal Paralytic Poliomyelitis. In the early stages 
of spinal paralytic poliomyelitis, cramping pain in 
the muscles innervated by the aflccted neurones 
and hyperesthesia of the overlying skin are present. 
The discomfort may be very severe; muscle 
"spasm,” the exact mechanism of which is not clear, 
IS usually detectable. Paralysis may not appear for 
some time after the onset of symptoms. In some 
instances, increase in muscle weakness is very slow; 
in others, it becomes widespread within 4S hr. 
Rarely, a rapidly ascendmg paralysis of the Landry 
type IS observed. Age is one factor in determining 
the extent of involvement. In children less than five 
years old, paresis of one leg is most common. In 
patients between five and fifteen years of age, weak- 
ness of one arm, or paraplegia, is most frequent, 
while in adults (sixteen to sixty-five years old), 
quadriplegja is observed most often. Dysfiincticm 
of the minary bladder is at least ten times wore 
frci^ucnt m adults tlian in cliildrcn. Paralysis of the 
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imisclex of respiration is most common in those 
older than sixteen years of age. Infants younger 
tlian one yi-ar arc suhject to very extensive involve- 
ment. Among adults, men develop quadriplcgia, 
rcspiraloiy paralysis, and loss of bladder function 
more frequently th.in do women. Pregnancy does 
not increase the severity of the disease unless par- 
turition takes place during the acute phase. There 
is a definite association of inoailation of antigenic 
materials ("triple vaccine," for example) with an 
increased risk of involvement of the muscles around 
the site of injection. 

Tlic location of musde weakness depends on the 
portion of the spinal cord affc'Clcd. Isolalc'd infec- 
tion of tlic cervical, thoracic, or lumbar areas mav 
be present, or two or more parts of the cord m.ay 
be involved simultaneously. Tlic lumbar area is the 
one most frcrpicntly damaged. 

Ulicn the cervical portion of the spinal cord is 
involved, there is p.'iresis or paralysis of tlic muscles 
of the shoulders, arms, neck, and thaphiagm Very' 
early in the disease, the reflexes In the arms remain 
livx'ly, they diminish rapidly, however, and are iisii- 
allv absent by the lime paralysis lias become estal>- 
lislicd Coarse twitching of tlie aflcctcxl slioulder 
or ann muscles is common. With cervical cord dis 
ease, there is always danger of respiratory paralysis 
due to $prc.id of the infection to the motor nuclei 
of the phrenic nerves and medulla 

Weakness of tlic muscles of the chest, upper por- 
tion of the abdomen, and spine follows involvement 
of the thoracic portion of the spinal cord. Difficulty 
m breathing results from dysfunction of tlic inter- 
costal and oilier thoracic muscles. The chest wall 
may be in “spasm" and may appear rigid despite 
the presence of only a minor degree of paresis 
Twitching of tlie thoracic, alKlominal, or spine- 
supporting muscles may sometimes be noted 

Disease of the lumbar portion of the spinal cord 
produces wcak-ncss of the muscles of the legs and 
inferior portions of the abdomen and back. Ag.vin, 
pain, tenderness, "spasm," and twitching herald the 
oncointiig paralysis, and the reflexes arc abolished 
with tlie development of iliccid paralysis. Dysfunc- 
tion of the iliopsoas imiscles, in<iic.ated by inability 
lo sit op from a lying position, the hip muscles, 
quadriccjis femoris, hamstring, and gaslrocncmii, 
pcroncals, anterior tibials, tensor fasciae latac, glu- 
tei, and sartorfous m.ay occur in various combina- 
tions. In adults, complete paraplegia is not infre- 
quent Paralysis of the urinary bladder, usually tem- 
porary, occurs in about one-third of patients over 
sixteen years of age and is rarely observed in the 
absence of weakness of tlie legs. 

The abdominal and crem.isleric reflexes usually 
disappear before muscle wc.akncss is marked m 
paralytic poliomyelitis ami may be absent during 
the entire course of the disease. An extensor plantar 
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response (posiuVe Babinski) has been eUchccl in a 
few cases during the first 1 or 2 days but is a rare 
finding; its pcnistencc or late development is In* 
compatible with poliomyelitis. Iljpcresthcsia of the 
skin is fre<jucnt. Sensor)’ loss docs not occur. Con- 
stipation, abdominal cramps, and meteorism are 
common in spinal paralytic poliomychlis and are 
due to partial ileus resulting from involvement of 
the autonomic ncr\’oiis S}slcm and weakness of the 
abdominal muscles. \\’hcn tbc disease is scv'cre, 
ss’mpalbclic nervous system disturbances, wirti 
tachycardia, hj’pertcnsion, abnormal sweating, and 
cy.iiiosis and coldness of the invohed extremities, 
not due to superficial vasospasm, are present. 

Fe\cr in spinal paralytic poliomyelitis is usually 
present for the first few d.i)s of the disease and 
disappears by Ij’sis. In about 90 per cent of cases, 
there is little or no extension of paralysis after def- 
ervescence has been established for about 48 hr. 
In alwut 10 per cent, houe\cr, progression of weak- 
ness may continue for as long as a week or more 
and may be of notable degree. 

Bulbar Poliom>cIitis. The incidence of bulbar 
poUomvclitls differs from one epidemic to another 
and varies bclu cen 6 and 25 per cent. In patients 
subjected to tonslUoadcnoidcctomy within 30 days 
of onset of the disease and in those in whom the 
operation was canied out years before, the bulbar 
form of infection is present in about 83 per cent of 
cases. Pure bulbar imolvemcnt (without any signs 
of spinal cord invoKcmcnt) is commonest in chil- 
dren; adults with bulbar disturbances usually have 
associated spinal paralyses. Tlie prodromal mani- 
festations of bulbar poliomyelitis arc often tbc same 
as in the spinal form. The syndromes which develop 
depend on the area of the brain stem involved, and 
result from damage to the medulla, pons, ami mid- 
brain. Signs and symptoms arc produced by (1) 
dysfunction of the upper cranial ner\-e nuclei, (S) 
damage to the lower cranial nerve nuclei, and (3) 
disturbances of the respiratory and vasomotor regu- 
lating centers in the medulla. Combined bulbar and 
diffuse or focal encephalitis or spinal involvement 
may occur. 

Upper Cranial Nerce Nuclei — III, IV, V, V/, VII, 
VIIl. Isolated ocular nerve palsies, total exlcmal 
ophthalmoplegia, pupillary disorders, and Homer’s 
syndrome occur. There may be unilateral or bilat- 
eral involvement of the fifth nerv’C, with difficulty 
in chewing and closing the mouth, as well as devia- 
tion of the jaws. Paralysis of the seventh cranial 
nerve is common and usually unilateral; the entire 
face or only the upper or lower parts may be af- 
fected. Disturbances of veshbular function and 
deafness resulting from damage to the nucleus of 
the eighth nerve occur infrequently. 

Lotcer Cranial Nerve Nuclei — IX, X, XI, XII. 
Life may be endangered when the muscles of de- 
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idutition are paralj’zcd because of involvement of 
the nucleus ambiguus in the medulla. With involve- 
ment of these nerves, the voice has a nasal quality 
and movement of one or both halves of the soft 
palate Is decreased or absent. Saliva collects in the 
bjpopliary'ru; because of difficulty in swallowing 
and not because of excessive secretion. Hoarseness 
and laryngeal stridor follow weakness or paralj'sis 
of the vocal cords. Unilateral or bilateral weakness 
of the tongue, sternocleidomastoid, and trapezius 
muscles may be present. Inability to swallow results 
in pooling of saliva and food in the pharynx, with 
obstruction to the airway. Aspiration of fluid into 
the lar)-nx, reflax spasm of the glottis, and abductoi 
paTaI)sis of tlie vocal cords constitute veiy serious 
threats to life. Minor or major pareses of the soft 
palate and pharj'ngcal muscles are detectable by a 
nasal quality of tlie voice. 

Disease of the medullary respiratory center pro- 
duces irregularity of the rhythm, depth, and rate 
of brc.ilhing. Respirations are shallow and, as the 
disease progresses, are interrupted by longer and 
longer periods of apnea until breathing stops com- 
pletely. The thoracic muscles and diaphragm are 
not weak, unless spinal involvement is present. Hic- 
coughing is frequent in the early phase of respira- 
tory center dysfunction. Hypoxia, without visible 
cyanosis, is common and contributes to tlve inten- 
sity of the manifestations. In the late stages, cyan- 
osis, unresponsive to oxygen administration, is com- 
monly present, and the temperature, pulse rate, and 
blood pressure are elevated. The final event Is usu- 
ally shock, which, in the majority of cases, is irre- 
versible despite heroic measures. 

The manifestations of involvement of the circu- 
latory regulating center are a deep cherry-red color 
of the lips. Hushed florid appearance of the skin, 
a very rapid, irregular pulse, small pulse pressure 
when the blood pressure is normal, and moderate 
to severe liypotension. Hyperthermia, cold, mottled, 
clammy skin, shallow respiration, and anxiety, rest- 
lessness, and confusion appear as the circulatory 
mechanism becomes progressiv'ely more unpaired 
and irreversible shock develops. 

Polioencephalitis. Encephalitic symptoms occur 
as isolated syndromes or together with bulbar or 
spinal poliomyelitis. The incidence of polioenceph- 
alitis Is variable; one small epidemic in which most 
of the patients had this type of disease has been 
described. Sy’mptoms of diffuse or focal involvement 
of the brain may be present. The diffuse form is 
characterized by confusion, agitation, anxiety vviffi 
a feeling of impending doom, or somnolence. Quiv- 
ering, trembling, twitching, and jerking of the facial 
muscles and extremities, flushing of the face, tremor 
of the hands, and restless movements occur. In- 
somnia may be sev’ere In fatal cases, the confusion 
is marked and progresses to lethargy and death. 
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In focal polioenceplialitis, there may be clinical 
evidence of brain damage, or the lesions may be 
silent and demonstrablo only at necropsy. Visual- 
verbal agnosia. m)’oclonic jerks, grand mal convul- 
sions, which occasionally persist for a long time after 
recovery, spastic hcmiparcsis, ataxia of one arm or 
leg, and h)drocephalus have been described. 

The diagnosis of paral)Hc poliomyelitis can usu- 
ally be made on clinical grounds. Tho outstanding 
manifestations are a lower motor neurone lesion of 
rapid development with flaccid weakness and hypo- 
or arefle’da. Signs of upper motor neurone disease 
or decreased sensation arc not compatible with 
poliomyelitis. <\mong the diseases which m-ay cause 
confusion, especially in their early stages, are toxic, 
"infectious," or idiopathic polyneuritis, the post- 
infectious enccphahlicles, viral cnccphalitides, trichi- 
nosis. acute rheumatic fever, cerebrovascular acci- 
dents with paraljsis, acute syphilitic meningitis 
(frequent cranial nene palsies), meningomyclo- 
encephalitis resulting from sensitization to foreign 
protein (horse serum, rabies vaccine, pertussis vac- 
cine), osteomyelitis, scurvy, acute multiple sclerosis, 
pseudobulbar palsy, myalgie mcningocnccpbalilis 
(Iceland, Tallahassee, or Coventry disease), spina) 
epidural obscess or tumor, neoplasms of tlie brain 
and S]]fnal cord, CoTsackie virus infection, the cn- 
cephditis of tlie prelcteric phase of infccUoiis hepa- 
titis, infectious mononucleosis with neurologic in- 
volvement, infections due to the enteric c)topalho- 
genic human "orplian” (ECHO) viruses, focal em- 
bolic encephalitis associated with subacute bacterial 
endocarditis, tuberculous meningitis with hemi- 
plegia or cranial nerve (especially the sLvth) p.a]sies. 
and brain abscess. Study of these diseases over a 
period of a few days to a week after onset clarifies 
the situation in most instances. The only positive 
method of establishing the diagnosis of paralytic 
pa^ccen^vlitis is the isahtian of the vims /«rm the 
stool or pharyngeal secretions (spinal cord or brain 
at necropsy) and the demonstration of a rise In the 
level of neutralizing antibody to the isolated strain 
m acute- and convalescent-phase scrums. If virus 
cannot be isolated, the three type strains maintained 
in tissue culture may be used; a Significant rise in 
titer of neutralizing antibody against a specific sero- 
type IS diagnostic. 

Medical Complications. Paralytic poliomyelitis, 
especially in adults, often presents a number of 
serious and potentially lethal complications. These 
compheations occur most frequently when the 
respiratory muscles are involved because of involve- 
ment of spmal or bulbar motor neurones, they are, 
at tunes, the direct cause of death. Disturbances in 
water and electrolyte b-ilance are common in pa- 
tients receiving conbnuous artificial respiration. 
^Fever and tlie sweating which follows enclosure in 
‘ *a tank during the summer months, together with 
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vomiting, diarrhea, inability to t.ikc food, and dis- 
turbances m carbon tUoxide related to improperly 
regulated ventilation, produce a scries of chemical 
disturbances, the repair of which taxes the ingenuity 
of tlic physician. Edema and low electrolyte levels 
often follow' overenthusiaslic hvdration and have 
been misinterpreted as evidence of a salt-wasting 
^'ndnimc. Myocarditis is not uncommon in polio- 
myelitis; it is probably due to direct viral invasion 
ECC changes, mainly T, ond ST-T and P-R ab- 
normalities, are present in from 10 to 20 per cent 
of cases. Interstitial infiltration of the m)ocardium 
with round cells and mild muscle changes arc not 
infrequent and occurs in a few cases along with 
degenerative changes fn muscle fibers. Verrucous 
endocarditis involving the mitral valve has been 
described. Severe uiyocardopalhy has been thought 
to be responsible for dc.i(h in some cases. Ilj'pcrlen- 
sion may develop and is produced by two mecha- 
nisms: (1) transient elevation of blood pressure due 
lohj'poxia, and (2) persistent hypertension second- 
(u)' to hi/polhelamic tnvokement, which m-iy be- 
come “mahgn.xnl" and lead to severe retinopathy, 
convulsions, and mental deterioration, unless 
treated. 

Pulmonary edema ond shock, the exact palho- 
gtnesis of which is not known, are usually the 
tormina] events in fatal cases of poliomjelilis Al- 
though rekilively young adults are involved, phlcbo- 
throffibosis of the legs with or without pulmonary 
embolism is not uncommon All methods of arti- 
ficial revpiration produce hemodjmamic disturb- 
ances, which are counteretl by reflex mechanisms 
acting to maintain normal blood pressure and car- 
diac output W'hcn patients are placctl in respirators 
under negative tank pressure (positive intratracheal 
pressure) after hjTioft-nsion and impending shock- 
arc already presml, the penpheral vascular col- 
fcpsc often is mjcfc worse /tet/te and marled d/At- 
talion of the stomach and large bowel, perforation 
of the cccum, acute ulceration of the iluodenum, 
stomacli, and esophagus, the formation of multiple 
erosions of the entire gastrointestinal tract with con- 
siderable bleeding and paralytic Oeus have been 
observed. Marked depression of prothrombin, w'lth 
massive spontaneous hemorrhage, occurs in indi- 
viduals with severe poliomyelitis, especially if they 
are receiving large doses of broad-spectrum anti- 
biotics orally. Severe bulbar (ninth and tenth 
cranial nerves) or bulbospinal disease with paralysis 
of the breathing muscles is accompanied by the 
risk of major pulmonary atelectases. Bacterial infec- 
tion is one of the most dangerous complications of 
paralytic poliomyelitis. Pneumonia is quite common 
in patients with paralysis of the muscles of respira- 
tion or deglutition. The incidence of pulmonary in- 
fection is greatly increased by tracheostomy and is 
highest in the rcsplr.itor case subjected to this oper- 
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aUon. Tlie organisms involved most often are 
Slaphytococcus aureus and gram-negative bacteria 
such as Proteus, Pseudomonas ptjoctjanca, Escheri- 
chia coU, and Klebsiella pneumoniae, many strains 
of which are not sensitive to the commonly used 
antimicrobial agents. Chemoprophylaxis is without 
value in preventing secondary bronchopulmonary 
bacterial invasion. 

The other common site of infection in poliomye- 
litis is the urinary tract, which is exposed because 
of the necessity for chronic catheterization in pa- 
tients with paralysis of the bladder; cliemoprophy- 
laxis, even when given together with tidal drainage, 
is usually ineffective. Although the symptoms m.iy 
suggest only c)-stitis, invoh’cment of the kidney is 
always present. The responsible organisms are those 
usually found in urinary tract infections and arc 
often insusceptible to antibiotics and sulfonamides. 
The renal problem is complicated by the frequency 
of stone formation, which may be responsible for 
renal colic, obstruction of the pelvis and pyone- 
phrosis, increase in severity of pyelonephritis, renal 
decompensation, h)pertcnsion, and vascular disease. 
The factors which contribute to renal lithiasis in 
these cases axe immobility with calcium mobiliza- 
tion, infection, stasis, dehydration, and calcium in- 
take, Attempts to control this problem consist of 
the liberal administration of fluids, decrease of cal- 
cium intake, acidification of the urine, administra- 
tion of 8alic}’latc, and mobilization os early as 
possible, 

A syndrome resembling rheumatoid arthritis, with 
redness, s^velIing, pain, and tenderness of the larger 
joints, is observed rarely in the convalescent phase 
of paralytic poliomyelitis. A variety of skin rashes 
may occur, including miliaria, seborrhea, and pur- 
puric, moibillifonn, or exfoliative eruptions due to 
drug sensitization. Bedsores are common in res- 
pirator patients because of the difficulty in moving 
them about. Markedly paralj’zed individuals, espe- 
cially those whose life is threatened by respiratory 
difficulty, frequently experience very difficult emo- 
tional problems. Disorientation, acute panic states, 
Korsakoff-Lke syndromes, and acute psychoses have 
been noted. Chronic anxiety and depression are 
almost universal in severely damaged adults and 
probably reflect merely the sudden impact of a 
crippling disease, with its serious social and eco- 
nomic implications, rather than brain damage due 
to viral invasion. 

Immunitij 

One attack of poliomyelitis usually confers a 
Iffelong immunity against leinvasion by the same 
serotype. Both neutralizing and complement-fixing 
antibodies appear early in the disease; the latter 
persist for only several years after infection, while 
the former persist throughout life. Theoretically, 
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individuals may suffer three episodes of the dis- 
ease, because immunity is strictly type-specific. 
Most adults and many children liave poliomyelitis, 
without paralysis or even nerx’ous system invasion, 
two or three times, as shown by the presence in 
their serums of neutralizing anbbody for more than 
one virus type. This probably accounts for the de- 
creasing frequency of the disease with increasing 
age- There are, however, well-documented instances 
of two episodes of paralyzing infection separated 
by a number of years in the same individual In- 
fants may be protected against infection during the 
first three to six months of life by antibody passively 
transferred from the mother. 

Treatment 

Cases of "abortive” poliomyelitis, even if recog- 
nized, should receive no therapy except for "symp- 
tomatic” relief of the manifestations of the “minor” 
illnesses. Antibiotics are without value. 

The management of nonparalytic poliomyelitis 
involves primarily the relief of the headache, pain 
in the back, and "spasm” of the legs, associated with 
meningeal irritation. Rest in bed with the mattress 
supported by a board may be of importance in 
preventing paralysis and is helpful in reducing the 
back discomfort. The application of wet heat, in 
the form of "hot packs," to the neck, back, and 
thighs produces considerable relief. Analgesics such 
as Demerol and codeine are very useful and are 
preferable to other morphine derivatives. Antimi- 
crobial agents are useless, because they have no 
effect on the primary disease and do not decrease 
the risk of secondary infection. Neuromuscular ex- 
amination should not be carried out more often 
than every 3 to 4 days. Bed rest is terminated as 
soon as severe discomfort is absent, in order to 
reduce the risk of phlebothrombosis and pulmonary 
embolism. Every patient thought to have nonpara- 
lytic poliomyelitis should have careful assessment of 
muscle function and an orthopedic follow-up study 
for 2 to 3 months after recovery. Tlie purpose of 
tlvcse measures is to detect and correct minor de- 
grees of weakness which may become apparent 
only when muscles which appear norma] at rest are 
taxed by the exertion of normal physical activity. 

TTie treatment of paralytic poliomyelitis invohes 

(1) the use of all measures to spare the life of the 
patient threatened by involvement of vital areas, 

(2) relief of discomfort, (3) maintenance of weak 
musdes in as good a condition as possible until 
noimal neuronal function has sufficient time to re* 
tunt, (4) immediate recognition and treatment of 
medical complications, (5) prophylaxis and therapy 
of emotional disorders, (6) surgical treatment of 
correctable defects, and (7) social, economic, occu- 
pational, and physical rehabilitation. 

Patients with paralysis of swallowing, loss of 
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function of the breathing muscles, pulmomiy 
edema, or shock arc in great danger of death. Dys- 
function of the ninth and tenth cranial nerves, whde 
leading to complex problems of infection and regu- 
labon of caloric, water, and electrolyte balance, is 
most important because of the danger of fatal ob- 
struction of tlie atnvay. For this reason, it has been 
suggested that tracheostomy be performed in all 
such cases. Ho\ve%er, thorough study has indicated 
that this operation Is followed by a much higher 
incidence of bronchopulmonary infections due to 
organisms difficult to eradicate with anHbiotlc 
agents than occurs when the procedure is not ear- 
ned out. In some cases, howeier, tracheostomy be- 
comes necessary, despite the risks The indications 
for this operation are (1) abductor paralysis of the 
vocal cords, confirmed by indirect or direct laryn- 
goscopy — this makes the operation mandatory; (2) 
pneumonia with inability to clear the lungs of exu- 
date, the opening in the trachea permits easy drain- 
age of tlie lower airway; (3) repeated bouts of 
major degrees of pulmonary' atelectasis requiring 
tracheal catheterization or bronchoscopy, (4) in- 
ability to keep the airw'ay relatively free of secre- 
tions — this is often purely a matter of availability 
of a sufficient complement of expenenced personnel. 
Using these indications, few tracheostomies h-avc 
been performed m the author's clinic. 

The development of respiratory muscle paralysis 
demands early recognition and treatment. De- 
creased movement of the diaphragms or intercostal 
muscles or both indicates tlic need for frequent 
determination of vital capacity. IVhen this is re- 
duced to 50 per cent of normal or less, on the basis 
of age and weight, artificial respiration must be 
given svith a tank or cuirass type of chest respirator. 
Details of this type of treatment are discussed on 
p. 1146. 

The use of the eleclrophrenic respirator is indi- 
cated when the respiratory center is involved. Tank 
respiration may actually mcrease this type of dif- 
ficulty. Indirect stimulation of one phrenic nerve 
through the skin is usually sufficient. 

The treatment of infections of the lungs and 
unnary tract which complicate paralytic poliomye- 
litis is the same as that employed in these types of 
disease without nervous system infection. The fre- 
quency of involvement of antibiotic-insensitive or- 
ganisms necessitates determination of resistance of 
the isolated bacteria to a variety of antimicrobial 
drugs. 

There is 'no specific treatment for poliomyo- 
carditis. ^Vhen pulmonary edema supervenes in 
patients receiving artificial respiration, the use of 
positive intratank pressure or positive pressure 
breathing through a cuffed tracheotomy tube may- 
be helpful Shock is easier to prevent than to treat. 
'•Assurance of adequate oxygen saturation, preven- 


tion of dehydration, and early treatment of super- 
imposed bacterial infection arc of prophylactic 
value. When marked hypotension develops, vaso- 
constricting agents such as norepinephrine are 
often veiy helpful in establishing normotension. As 
a rule, however, these dnigs finally become inef- 
fective as their use is prolonged. Plasma infusions 
may be of some help. Hypotension appe.aring dur- 
ing artificial respiration may respond to alternating 
positive and negative tank pressures of approx- 
imately the same degree. 

The relief of discomfort is one of the most im- 
portant problems in the case of paralytic poliomye- 
litis. Hot wet packs, diathermy, warm baths, and 
dry heal reduce pain due to muscle “spasm.” Anal- 
gesic drugs should be used whenever necessary, but 
morphine derivatives should be avoided. Changing 
the position of paralyzed limbs and moving the 
patient about in bed arc effective in reducing tlic 
frequency and intensity of pain. 

Weak muscles must be maintained in as good 
condition as possible until neural function returns; 
the time, degree, and extent of resumption of func- 
tion are unpredictable, but treatment should be 
continued for at least S years. Tin's aspect of Uier- 
.vpy is best managed by the physiotherapist who 
has had experience with poliomyelitis Muscle ex- 
aminations should not bo carried out loo often In 
the acute phases of tlie disease; this precaution 
minimizes the possible effect of exercise in increas- 
ing the degree of paralysis. Daily physiotherapy is 
usually started 3 to 4 days after complete defer- 
vescence has appeared and extension of weakness 
has stopped. Exercise against resistance, even that 
of gravity, is thought to be most beneficial by some 
clinicians. In many clinics, exercise in water to 
remove the effects of gravity is standard practice. 

The physician must be constantly aware of the 
coinp1ic.ations of paralytic poliomyelitis described 
above, because their immediate recognition and 
treatment arc often lifesaving. The prevention and 
treatment of the emotional disorders which accom- 
pany severe paralytic poliomyelitis arc often best 
carried out by the attending physicians and nurses 
Altliovigh the help of the psj'chiatrist is necessary 
ill difficult situations, the importance of physicians, 
nurses, and attendants who are in constant contact 
with the patients and are properly oriented towards 
these problems cannot be overemphasized. 

Ma.xunal return of muscle function usually is 
established at the end of 2 years following the onset 
of paralytic poliomyelitis. A review of the clinical 
problem by an orthopedic surgeon should be car- 
ried out if residual palsies remain, and a program of 
surgical rehabilitation should be set in motion. 
Persistent coldness and cj-anosis of the lower et- 
trcimties suggests consideration of lumbar sjinpa- 
tlicctomy. 



VIRAL DISEASES OF THE CENTRAL NERVOUS SYSTEM 


CHAP. 1S8 1147 


T!\e impact of paralytic poliomyelitis on tire so- 
cial and economic status of adults is often vcij' 
severe. Every effort must be made to enlist the 
cooperation of social service agencies to minimize 
the disruptive effects of the disease. Many patients 
require occupational rehabilitation because of in- 
ability to perform the work in which they were 
engaged prior to being crippled. For others, the 
use of devices, such as movable splints, hooks, etc., 
is very helpful in physical rehabilitation, if this 
cannot be accomplished surgically. 

Prognosis 

The over-all mortality rate for poliomyehtis is 
about 5 per cent. Patients with the “abortive" and 
nonparalytic types of the disease recover com- 
pletely. About 2 to 5 per cent of children and 15 
to 30 per cent of adults (increasing with age) ivith 
paralyzing infection die. When bulbospinal involve- 
ment, especially with medullary or phrenic and 
intercost^ nerve dysfunction, is present, the fatal- 
ity rate varies between 25 and 75 per cent; in these 
cases, it is gieatly influenced by age and the pres- 
ence of shock, pulmonary edema, superimposed in- 
fection, or other medical complications. 

Many persons with paralytic poliomyelitis recover 
completely. In a considerable number, there is 
return of muscle function to some degree Only a 
few remain totally paraly'zed. It is striking, though 
paradoxical, that the more life-threatening the dis- 
ease in the acute stage, the more frequent is com- 
plete functional recovery, if the patient survives. 
Thus, paralysis of the respiratory center usually 
disappears completely. Dysfunction of the ninth 
and tenth cranial nerves is followed by total re- 
covery in most instances, although mdd palato- 
pharyngeal weakness may occasionally persist for 
life. Paralysis of the muscles of respiration often 
disappears completely. In some cases, the final 
vital capacity, although reduced, is adequate to 
maintain ventilation, even with moderate physical 
exertion. In very few instances is chronic respirator 
care necessary. Weak extremities regain about 60 
per cent of the total strength that they \vill ever 
recover in 3 months, and 80 per cent within 6 
months. Improvement may continue for as long as 
2 years. The final degree of functional return de- 
pends on the number of neurones totally destroyed; 
it varies from as low as none to 10 per cent to as 
high as 100 per cent. 

Prevention 

Because 90 to 95 per cent of cases of poliomye- 
litis arc unapparent, or "minor,” infections and arc 
not diagnosed, the prevention of the disease by 
isolation is very difficult. The common practice of 
isolating clinically evident cases is of much p’cater 
individual than public health benefit. The usual 


period of isolation is about 2 weeks, although virus 
may be present in the feces for a much longer 
period. Contact with kno^vn cases should be 
avoided. Restriction of community activities such 
as swimming, gathering of people, etc., is not 
necessary' except with large epidemics, when it is 
more effective in allaying panic than in reducing 
infection. Pregnant women should take special pre- 
cauUon because of the increased susceptibility to 
the disease during pregnancy. Tonsillectomy is con- 
traindicated in areas where poliomyelitis is present. 
All individuals with “minor" illnesses during the 
poIiomy'eliUs season should limit their physical 
activity and avoid chilling until all symptoms h.ive 
disappeared. 

The use of y-globulin prepared from pools of 
normal human plasma has not been strikingly effec- 
tive as a prophylactic measure in either family or 
outside contacts. However, in persons peculiarly 
susceptible or in a vulnerable position, such as 
pregnant women, campers, and physicians or nurses 
accidentally in contact with virus-containing ma- 
terials, the administration of y-globulm may be 
worthwhile. The dose is 0. 15 ml per lb body weight; 
the total quantity for adults is 20 ml. 

AcUvo immunization against paralytic poliomye- 
litis has been successfully produced by parenteral 
administration of formalin-inactivated strains of the 
three viral serotypes grown in monkey kidney tissue 
culture. The vaccine is said to be about 60 to 70 
per cent effective against type 1 and 85 to 90 per 
cent against types 2 and 3. All individuals should 
receive a fourth dose 1 to 2 years after the third 
The necessity for this is suggested by the observa- 
tion that 928 of tire 5,000 cases of poliomyelitis 
reported in the United States in 1959 had received 
three or more injections of Salk vaccine. In some 
areas of the country in that year, the vaccine ap- 
peared to be relatively ineffective; for example, 45 
per cent of tlie cases of paraly'tic poliomyelitis in 
Klassachusetts, 40 per cent of those in Dade County, 
Florida, 22 per cent of those in Minnesota, and 25 
per cent of those in Newfoundland had been given 
at least three doses of vaccine. Tliis apparent rcka- 
live inefficiency of immunization does not indicate 
a lack of value of the vaccine but is probably due 
to the relatively low antigenic potency of lots of 
vaedne which these individuals had received. The 
commercial vaccines presently available have been 
improved in quality so that the expected lugh level 
of protection can probably now be attained. 

No antibody is demonstrable in about 20 per cent 
of patients after the first injection of vaccine. In 
most individuals without antibody prior to vaccina- 
tion, neutralizing capacity of low degree appears in 
about 4 to 6 weeks after the first dose of vaccine 
but falls gradually over the next few montlis. The 
“booster” injections 7 months later and the fourth 
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dose subsequent to this produce a rapid rise in 
antibody. Persons immune to a single serotype, 
wiierr first inoculated, develop a rapid increase in 
antibody to all three types of virus. 

The vaccine does not appear to decrease the 
incidence of nonparolytic poliomyelitis. It has no 
effect on the intestind phase of the disease and 
fails, therefore, to interrupt the spread of vims from 
one vaccinated person to another. Another draw- 
back of tlie formalin-inactivated vaccine is the 
necessity of “booster” doses for the maintenance of 
a protective level of antibody. While four doses are 
presently recommended, the necessity for more in- 
jections beyond this has not yet been determined. 
Reactions to the vaccine are uncommon; headacJie, 
stiffness of the neck, arms, and legs which may be 
accompanied by pain, skin hypersensitivity, fever, 
sore throat, vomiting, and pam at the site of injec- 
tion have been noted. Reactions to the antibiotics 
contained in the vaccine have been observed and 
may be severe. 

Experimental studies and field tri.'ds in man sug- 
gest that immunization with orally administer^ 
livmg pohomyehtis virus produces neutralizing anti- 
bodies and protection against infection. The virus 
strains are prepared by isolation of a single virus 
particle Nvhich has low virulence and high anti- 
genicity. The vaccine may be given in a capsule, in 
milk, in candy, or by medicine dropper. It is stable 
in a deep-freeze icebox for many months, In an 
ordmary refngeiator for 1 month, and at room 

S erature for 3 to 5 days. Vaccine virus, after 
ng. multiplies in the intestinal tract and re- 
mains at this site. Viremia occurs very rarely, and 
then only with some strains. Live vaccine virus 
spreads and infects contacts of vaccinated in- 
dividuals The mcidcnce of spread is lowest in high- 
income groups (about 9 per cent), higher in fami- 
J.'cs hving under rehtively poor condJltons /about 
53 per cent), and highest (40 to 80 per cent) fol- 
lowing feedmg of infants. The widespread use of 
this t)T® immunization in the presence of epi- 
demic poliom)elitis may lead to replacement of 
the “wild” paralylogenic strain by the one in the 
vaccine. 


The degree of antibody response varies, to some 
extent, with the strains in the “live” vaccine. Inges- 
tion of the Sabin “triple” vaccine, for example, pro- 
duces a good response to type 2 and a relatively 
poor one to types 1 and 3. The serologic response 
depends on whether single types are given sepa- 
rately or are administered simultaneously. In gen- 
eral, the effect is best with feeding of monov^enl 
v’accinc; it is less vvith divalent and least with 


trivalent preparations. An adequate antibody* re- 
sponse is produced, however, by giving “triple" 
vaccine twice. Significant levels of antibody* develop 
yOhi 90 to 100 per cent of persons receiving “live 


virus” vaccine; they develop more rapidly and 
persist longer th.in those which follow the use of 
formallnizcd vaccines. Intestinal immunity is pres- 
ent after feeding of the “live” preparations so that 
minimal or no multiplication in the bowel occurs on 
exposure to "wild” strains of virus. Because both 
intestinal immunity and circulating neutralizing 
antibody are present after immunization with the 
Tive virus” vaccine, the degree of protection against 
infection appears to be superior to that produced by 
tlie parenteral administration of formalinized virus 
vaccine. 

Field trials of live virus vaccines involving over 
70 milbon persons indicate a high degree of protec- 
tion (over 90 per cent) against paralyde polio- 
myelitis and a tendency for the epidemic strains to 
be replaced by the ones in the vaccine. In general, 
the results of such studies have proved that this 
type of vaccine is safe and effective in controlling 
poliomyelitic infection and preventing paralysis. 
The development of disease in some vaccinated 
persons has suggested the probable necessity of 
additional vaccine feedings to ensure a higher de- 
gree of immunity in a population. 

No untoward effects have thus for followed tlie 
use of live virus vaceme. WTiiIe passage of vaccine 
virus from one individual to another leads to an 
Increase of pathogenicity as determined by assess- 
ment of neuiovinilence in monkeys, the heightened 
invasive copacity quickly reaches a plateau and 
becomes stabilized at a level below that thought to 
be dangerous for man. There is presently no evi- 
dence that vual agents which may be present in 
the monkey kidney tissue, which Is the culture 
medium used to grow vaccine virus, will infect man 
when given orally. The presence of otlier entero- 
viruses in the intestinal tracts of vaccinated subjects 
may “interfere" with implantation of the vaccine 
strains and lead to hdure of immanization. That 
this is so has been demonstrated in field trials in 
the tropi<5 where many persons cany enteroviruses 
and wliere the rate of successful immunization has 
been of the order of 60 per cent. This suggests that 
immumzatioD with live poliomyelitis virus be car- 
ried out in the cooler months of the year when the 
incidence of intestinal carriage of enteroviruses is 
the lowest. The available data indicate that live 
vims vaccines offer great promise in the prevention 
of poliomyelitis. The relative merits of “Lve" and 
“dead” vaccine still remain to be determined. 
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RABIES 

Robert R. Wagner 

Definition. Babies (hydrophobia, lyssa) is a fatal 
viral infection of die nervous system transmitted in 
saliva of rabid animals. 

History. Some of die earliest extant writings con- 
tain suggestive references to mad dogs. Aristotle (c. 
333 B.c.) described the transmission of rabies from 
dogs to other animals, and Cclsus (c. a.d. 100) 
recognized that hydrophobia in man was caused by 
the bite of a rabid dog. The prevalence of the 
disease in man increased markedly in the eighteenth 
century following a European epizootic of canine 
rabies. The first effective control measures were in- 
stituted in Scandinavia, resulting in elimination of 
the disease tliere by 1826. Galtiers report in 1879 
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of transmission of rabies to laboratory rabbits led 
to the classical studies by Pasteur and his associates 
of “fixed” virus for vaccine production. Histologic 
diagnosis of infection became possible after Negri 
in 1903 described the characteristic cellular inclu- 
sion bodies of the disease. 

Etiology. Rabies virus is infectious for nervous 
tissue of all warm-blooded animals and can also be 
grown in tissue culture and chick embr^'os It is 
rapidly destroyed by heat, drying, and formahn but 
can be preserved in glycerol or by freezing. The 
term street virus is used to designate the agent of 
the naturally occurring disease. Fixed vmises are 
rapidly multiplying strains used in vaccine produc 
tion which have lost their jnfectivity for salivary 
gland tissue after passage in laboratory animals. 
There is only one anhgenic tjpe of the vtitiS. 

Epidemiology. All mammals are potential vectors, 
but carnivores are responsible for most cases in man 
and animals. Virus is present in saliva for several 
days before symptoms develop and persists until the 
time of death. Rabies is usually contracted from 
bites, occasionally from scratches or abrasions con- 
taminated with infected saliva, or rarely by penetra- 
tion of mucous membranes. The principal source of 
infection in man is the dog, but 5 to 15 per cent 
of human cases are caused by cats or other animals 
The usual form of the disease in dogs, called iurwus 
rabies, is characterized by progressive agitation, 
aimless wandering, difficulty in swallown’ng, froth- 
ing at the mouth, labored respirations, feeble bark, 
ataxia, convulsions, and vicious, indiscnminate at- 
tacks on all creatures and inanimate objects Paraly- 
sis and stupor usually develop 2 to 3 days before 
death and are the sole mamfestabons (dumb 
rofjtcs) in about one-fiCth of infected dogs. 

Although quarantine, killing of stray animals, and 
vaccination are effective in controlling canine rabies, 
large reservoirs of infection exist in void animals, 
such as the wolf in Eastern Europe and Western 
Asia, the jackal in India and North Africa, and the 
mongoose in South Africa. Human and canine rabies 
caused by bites of rabid foxes is not unusual in tlie 
United States, and the disease is also found in 
skunks, raccoons, coyotes, squirrels, bobcats, moun- 
tain lions, and other mammals. Vigorous control 
measures have eliminated all foci of rabies in do- 
mestic and wild animals of Scandinavia and the 
British Isles and pre\’ented importation of the dis- 
ease into Hawaii and Australia. 

The vampire bat transmits a paralytic form of the 
disease to cattle and horses and constitutes an im- 
portant reser\’oir of rabies in South and Centr.il 
America, Mexico, and the West Indies. Vampire 
bats are occasionally nocturnal predators of man, 
attacking silently to take their blood meal without 
the sleeping victim's knowledge. Human rabies ac- 
quired from bites of common bats w.is first recog- 
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nizeci in the United States in 1951 to 1933. and 
subsequent surveys have re\ealed that Uie disease 
occurs in many insectivorous and herbivorous spe- 
cies. There is evidence to suggest that bats arc the 
original hosts and constitute tlie largest reservoir 
of rabies. 

Rabies is almost invariably a rapidly fatal infec- 
tion in all mammals except vampire and insctAivo- 
rous bats, which can contmuc to transmit Uie disease 
for many months. Sudden, unprovoked attacks by 
any animals are rare and should be considered 
presumptive evidence of exposure to rabies. 

Pathogenesis. Rabies virus spreads from the site 
of inoculation along sensory nerve pathways to the 
posterior columns of the spinal eoid, if the bite is 
on the extremities or trunk, or by cranial nerves to 
the brain stem from face wounds. The salivary 
glands, intestine, pancreas, renal tubules, and 
adrenal medulla are involved by extension along 
the autonomic nerves. Vircmia may occur. Focal 
inflammation, neuronophagia, demyelinization, 
hemonhages, and perivascular infiltration by mono- 
nuclear celb occur throughout the nervous system, 
but these changes are most marked in the basal 
ganglions, subcortical areas, and spinal cord. Rabies 
can be distinguished from other viral enccphaliUdcs 
only if the pathognomonic Negn bodies arc found. 
These ore eosinophilic inclusion bodies, 0.5 to 10 ^ 
in diameter, demonstrable m the cytoplasm of nerve 
cells by special stains. In all animals, Including man. 
they are found in greatest abundance in Ammon's 
horn of the hippocampus and to a lesser extent in 
pyramidal cells of the cerebral cortex. Purkinjc 
cells of the cerebellum, and nuclei of the basal 
ganglions. 

Manifestations. The incidence of rabies in unvac* 
cinated individuals bitten by rabid animals is about 
15 per cent, but varies from 5 to 70 per cent, de- 
pending on the amount of virus in tlie saliva and 
the location and depth of the wounds. It may be 
difficult to obtain a history of animal exposure if 
the disease is acquired from minor bites or 
scratches. The incubation period is usually 30 to 70 
days but can be as short as 10 days or, rarely, more 
than a year. Short incubation periods occur after 
face or arm bites, multiple wounds, or xvolf bites 
Prodromal symptoms of fever with temperatures of 
100 to 102®F, headache, malaise, nausea, vomiting, 
sore throat, and persistent loose cough are often 
present for 1 to 4 days. The most sigiiiiicant early 
manifestations, in about 80 per cent of cases, are 
tingling, paresthesias, and dull or stabbing pain at 
the site of the bile, often radiating to the hip, 
shoulder, or neck, and to distal parts of tlie involved 
e.xtremity. The wound may be inflamed and ex- 
coriated by the patient’s scratching. The first or 
cxcilemeni, phase of the disease is characterized hy 
Teasing ngit.ition, marked restlessness, excessive 


motor activity, aimless pacing, dysarlliria, and occa- 
sionally, visual or auditory hallucinations. Episodes 
of unreasoning fc.nr and rage alternate witli pro- 
found depression. Tlie patient may become destruc- 
tive, wildly apprehensive, and combative if re- 
strained but usually does not attack his attendants. 
Spasmodic gross muscle contractions and gcncral- 
izCTl clonic or tonic convulsions with opisthotonos 
develop shortly after the onset, often precipitated 
by loud noises, bright lights, touch, or even drafts. 
Respirations become shallow and irregular, the 
pulse becomes rapid and thready, and the tem- 
perature usually exceeds I03*F. There may be 
involvement of the autonomic nervous system 
manifested by dilated, irregular pupils, excessive 
lacrimation. sweating, and salivation. Many patients 
also cxliibit vertigo, nystagmus, optic neuritis with 
central blindness, diplopia, sbrabismus, or facial 
palsy. Paralysis of the vocal cords results in hoarse- 
ness or aphonia. Hyperactive deep tendon reflexes, 
Dabinski signs, and nuchal rigidity are often present. 

The most characteristic feature of the disease is 
severe, painful contractions of the pharyngeal mus- 
cles, initially precipitated by attempts to swallow 
fluids. This usually develops 1 to 3 days after onset 
and progresses until the mere sight, sound, mention, 
or even thought of vvatcr cause reflex spasms of the 
muscles of deglutition and respiration, leading to 
bouts of apne.v, cpnosis, and generalized convul- 
sions. Most patients manifest a fear of water (hy- 
drophobia) and to avoid swallowing allow frothy 
saliva to drool from the mouth. Death usually fol- 
lovv-s a generalized convulsion with prolonged 
apnea. 

Patients who survive the cxdtcmcnt stage of the 
disease develop generalized flaccid paralysis, often 
evident at first in the bitten extremity. Muscle 
spasms and pharyngeal contractions cease, ami 
agitation gives way to depression, apathy, hypo- 
reflexia, ond coma. The ability to swallow ma)’ 
return temporarily, and there is often transient 
slowing of the pulse and respirations. The bladder 
usually becomes atonic. Generalized paral)sis, re- 
sembling the Guillain-Darrc s)Tidromc, is occasion- 
ally the only neurologic manifestation. Rabies 
aerjuired from vampire bats, which frequently bile 
the toes, usually takes the form of Landry's ascend- 
ing paralysis without excitation or pharyngeal 
spasm. Death usually occurs 2 to 3 days after onset 
of paral>'tic rabies but may be delayed for several 
weeks. 

Laboratory Findings. The blood leukocyte count 
may be elevated, occasionally to 30,000 cells per 
cu mm, with an increased number of polymorpho- 
nuclear and large mononuclear cells. Glycosuria, 
atttonuria, proteinuria, and oliguria are present in 
most cases. The cerebrospinal fluid is usually normal 
but may contain slighti) increased .amounts of pro- 
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tein and as many as 100 mononuclear cells per oi 
mm. Vims may be present in saliva or, rarely, in 
cerebrospinal fluid. Scrum antibodies can be de- 
termined by neutralization or complement fixolion 
tests, but serologic studies arc of little value for 
retrospective diagnosis, because almost all surriwng 
patients have received vaccine or immune serum. 
Definitive diagnosis is usually made at autopsy 
demonstrating Negri bodies or by isolation of rabies 
virus from the brain. The liistochemical tedinique 
of staining brain or p.irotid tissue with fluorescent 
antibodv has proved to be an accurate and rapid 
method of diagnosis. 

Differential Diagnosis. Hysterical reactions to dog 
bites and allergic encephalomyelitis caused by 
rabies vaccine arc sometimes difficult at Crtt to 
differentiate from rabies. Paralytic rabies may be 
confused with poliomyelitis or the Ciiillain-Barr^ 
syndrome, particularly when a history of animal 
bite cannot be obtained or the incubation period 
exceeds 3 months. Many of the manifestations of 
tetanus, except trismus, resemble those of rabies. 
Delirium tremens and intoxication tcilh belladonna 
cibaloids occasionally simulate rabies. 

Treatment. There are about 5,000 cases of rabies 
in animals reported annually in the United States, 
and 5 to 10 cases are recognized in man. However, 
approximately 50,000 persons each year are con- 
sidered to be exposed to rabies and receive vaccine 
treatment. Tlio basic principle in the treatment of 
individuals exposed to rabies is to furnish sufficient 
antibody to prevent the virus from involving the 
central nervous system. Semple's vaccine, prepared 
from fixed vims grown in rabbit brain and inac- 
tivated with phenol, has been commonly used for 
this purpose in the United Slates. A course cl 14 
daily inoculations is recommended. A potent vac- 
cine, free of brain tissue, can be prepared in chick 
embryos from Uie Flury strain of rabies virus, and 
a vaccine prepared in duck embr)'os has been 
licensed for human use in the United States. These 
avian vaccines induce high antibody titers in man 
and have proved to be effective for vaccination of 
dogs and cattle. Passive immunization with anti- 
rabies horse serum, used as an adjunct to vaccina- 
tion, appears to afford enhanced resistance to 
infection, particularly in heavily exposed indi- 
viduals. The local treatment of bites consists of 
thorough cleaning with strong soap or detergent 
solutions and infiltration of the area with imioune 
semm. Cauterization or debridement of the wound 
is no longer recommended. 

The chief hazards of Semple’s vaccine are ftyper- 
sensitivity reactions with severe local erythema, 
often accompanied by fever and arthralgia, in about 
5 per cent of cases and peripheral neuritis or al- 
lergic encephalomyelitis caused by the rabbit brain 
tissue in 1 of 600 to 10,000 vaccinated individuals. 


Encephalomyelitis usually occurs 1 to 3 weeks after 
tlic first injection of vaccine and is characterized bs 
the sudden onset of chills, fever, headache, and 
vomiting, followed by disorientation, dysarthria, 
ata.ria, paresthesias, cranial nerve palsies, visual 
disturbances, and, frequently, hemiparesis or para- 
plegia, Increased concentrations of protein in the 
cerebrospinal fluid and mononuclear pleocytosis arc 
noted in the majority of cases. The mortality rate 
vanes from 0 to 25 per cent, and about one-third 
of patients who recover from allergic encephalo- 
myelitis have residual neurologic disorders. 

The decision to proceed with antirabies treat- 
ment must depend on the risk of exposure m in- 
dhidual cases. Vaccine should he administered 
promptly if a person is bitten by an anin^ tJ:«,t 
escapes, is clinically rabid, or show's histologic evi- 
dence of infection. However, Negri bodies are not 
demonstrable in 12 per cent of animals with rabies 
proved by virus isolation. Healthy dogs or cats that 
inflict minor bites or scratches contaminated with 
saliva should be impounded and obserx'ed for 7 
days. No treatment is required if the animal re- 
mains healthy. Immune scrum should be adminis- 
tered within 24 hr to all individuals who incur 
scx'cre or mulh’plc bites, regardless of whether the 
animal shows signs of rabies at the time. Every bat 
bite should be considered to be an exposure to 
rabies. 

Prophylactic vaccination is adi’isable for a small, 
but selected, "high-risk” segment of the population 
of the United States, including veterinarians, dog 
catchers, and postmen. After a primary course of 
axian x’accine, a single booster injection induces a 
prompt antibody response. Semple rabbit-brain vac- 
cine should not be used for repeated revaccination 
because of the increased risk of allergic encephalo- 
myelitis in individuals sensitized to rabbit brain 
tissue. 

No specific treatment is available if clinical mani- 
festations develop. The patient should be kept in a 
quiet, darkened, draftless room and disturbed as 
little as possible. Large doses of barbiturates are 
more effective than opiates in lessening anxiety, 
delirium, and the frequency of pharj-ngeal spasms 
and conx’ulsions. Parenteral administration of fluids 
is often required. 

Prognosis. Thus far, rabies has been an invariably 
fatal disease in man. However, every patient should 
receive all possible supportive treatment in the 
hope that the diagnosis is in error. 
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VIRAL ENCEPHALITIS 
Ivan L. Bennett, Jr., 
and Raymond D. Adams 


Enceplialitis is much more varied in its mode of 
presentation than are aseptic meningitis (p. 1135) 
and paralytic poliomyelitis (p. 1139). As in the di- 
agnosis of aseptic meningitis, there is a diversity 
of etiologic agents, infectious ^nd noninfccUous, to 
be considered In addition to viruses. Despite a con- 
siderable overlapping cf manifestations, hovvev'er, 
several of tlie encephaLus viruses produce rela- 
tively characteristic clinical pictures 
Within rather narrow limits, acute damage to a 
specific area of the brain, no matter what its cause, 
produces the same clinical morufestations. The his- 
tologic responses to injury in the central nervous 
system consist of various degrees and combinations 
of neuronal degeneration, microghaJ proliferation, 
ncuronopli.ngia, tissue necrosis, perivascular cuffing, 
and meningeal infiltration with lymphocytes and 
mononuclc.ir cells. So nonspecific are these that 
the anatomic distribution of damage throughout 
tlie neuraxis is often of far more importance to 
the ncuropalliologist in his attempt to establish an 
etiologic diagnosis than are the microscopic details 
of the lesions. Because the neurologic deficit ex- 
hibited by a patient with encephalitis is also more 
dependent upon tlie location of the lesions than 
upon their exact nature, a fairly typical cluster of 
symptoms and signs is elicited by many infectious 
agents that affect the brain. 


THE SY-NDROME OF ENCEPHALITIS 
Tlic distinction between meningitis and encepha- 
btis on clinical grounds alone is far from exact 
Stupor, coma, and convulsions con occur in citlwir 


meningitis or encephalitis, though they are more 
frequent in the btter, and do not constitute a re- 
liable basis for separation. In addition, most viruses 
xvliicli ordinarily' cause aseptic meningitis can pro- 
duce, on occasion, the clinical picture ebssed as 
encephahtis, and the encephalitis viruses elicit no 
more than a meningitis in many patients. These 
facts make it difficult to place complete reliance 
upon statistical data on the relative incidence of 
encephalitis collected in surveys from various virus 
bboratories For example, it is our impression tliat 
most cases of mumps and ly-mphocytic choriomen- 
ingitis classed as enceplialitis or "meningoencepha- 
litis" are little more thon examples of intense men- 
ingitis. They rarely cause death with postmortem 
demonstration of cerebral lesions, and surviving 
cases seldom have residual signs. 

In general, the clinical syndrome of encephalitis 
consists of an acute febrile illness with meningeal 
symptoms to which are added various combinations 
of stupor, confusion, hallucinations, coma, Iiemi- 
paresis, sensory changes, pathologic reflexes, 
tremor, ataxia, and disordered ocular moi'ements. 
The most reliable signs of encephalitis are evidence 
of pyramidal tract disease (flaccid paralysis and 
reflex changes), found in about 25 per cent of all 
cases, mental changes, aphasia, and disordered 
cranial nerve function, The illnesses produced by 
the many agents causing encephahtis vary In dura- 
tion but are usually measured xn weeks. Death 
occurs in 5 to 20 per cent of patients with viral en- 
cephalitis. Residual signs such as mental deteriora- 
tion, amnesic defect, personabty change, and pa- 
resis (usually spastic) are seen in about 20 per 
cent of patients who recover from all forms of viral 
encephalitis. This over-all figure fails to reflect, how- 
ever, the wide variation in tlie incidence of bte 
changes lliat follow infection by different V'lruse^, 
For example, residua! defects occur in as many as 
80 to 90 per cent of patients with eastern equine 
encephahtis while the incidence in western equine 
infections is only 5 to 10 per cent. 

FinaUy, it should bo noted that paralysis w'ilh- 
out sensory changes or signs of cerebral deficit 
nearly always signifies paraly’tic poliomyelitis. 

Etiology. Numerous noxious agents qualify os 
frequent, occasional, or rare causes of encephalitis 
or meningoencephalitis. Indeed for almost every 
mabdy of bacterial or viral origin, “enceplialitis” 
has been rejiorled as a complication although ruany 
such descriptions lack substantiation. 

Table 100-1 hsls most of the viruses and viral 
diseases that arc known to be associated with en- 
cephalitis. In addition to the viruses that commonly 
manifest Uicmselves by their effects on the centml 
nervous system, there is a brge group of viral dis- 
eases in vvhitli cerebral involvement is an unusual 
comphcation in tlie cotuse of a well-defined clini- 
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cal illness. These diseases are fully descrihecl in the 
other chapters of the booh referred to in the table. 

In most of these diseases, the pathologic findings 
are those of neuronal damage and inflammationj it 
is probable that encephalitis results from direct 
involvement of ncrv'ous tissue by the virus. How- 
ever, the cerebral involvement which complicates 
vaccination against smallpox or rabies and the 
encephalitis which appears during convalescence 
from several common viral diseases seem to in- 
volve some different mechanism, possibly some 
form of hjpersensilivity. The cerebral lesion in 
these cases consists of extensive perivascular dc- 
m)ehnation, a Ijpc of damage that is not charac- 
teristic of Ollier viral enccphalitides. Deinyclmat- 
iiig diseases are discussed in detail on p. 1820, and 
Table 190-1 gives references to descriptions of the 
specific cncephalitidcs of this tj'pe that appear in 
other cliaptcrs of this book. 

Other Causes of Encephalitis. The most impor- 
tant nonv’iral diagnostic possibilities to be consid- 
ered in a patient with the syndrome of encephalitis 
are sj-philis {p. 1073), pertussis (p. 930), lepto- 
spirosis (p. lOS-l), relapsing fever (p. 1088). epi- 
demic Ij-phus (p. 1103), scrub tj'phus (p. 1106), 
Rocky Mountain spotted fever (p. 1093), trypano- 
somiasis (p. 1203), toxoplasmosis (p. 1208), cere- 
bral malaria (p, 1200), trichinosis (p. 1221), schis- 
tosomiasis (p. 1225), and cysticcrcosis (p. 1234). 

Among other conditions that may be confused 
initially with viral encephalitis, although the sub- 
sequent course usually chrifies the picture, are tu- 
berculous meningitis (p. 1010), brain abscess (p. 
1047), subdural empyema (p. 1046), hypertensive 
encephalopathy (p. 1354), acute glomenilonepbrilis 
(p. 919), cerebral involvement in systemic lupus 
erythematosus (p. 1892), brain tumor (p. 1811), 
hyperparathyroidism (p. 604), Wernicke’s disease 
(p. 1839), acute necroti/ing hemorrhagic encepha- 
lopatliy (p. 1832), the neuromyelitis optica syn- 
drome (p 1S3G) , the acute “cerebral” type of mul- 
tiple sclerosis (p. 1835), and Schilder’s disease (p. 
1837) or Tay-Sachs disease (p. 1859) in which 
there is an abrupt onset of symptoms. 

Eiicep/ialifw Letharglca (Von Economo’a Disease, 
Sleeping Sickness ) 

This disorder has not occurred in epidemic form 
since 1926 and is primarily of historical interest as 
the first type of epidemic encephabtis recognized 
clinically and subjected to extensive study in mod- 
em times. The first outbreak occurred in Rumania 
in 1915, and epidemics appeared in France within 
a year, spread over Europe, reached the United 
States by 1918, and continued in various parts of 
the world until 1926- Von Economo’s careful 
studies were carried out in Vienna in 1917. 


Table IDO-]. VIBAL causes of ENCerHAUTIS 
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Disease reference 

Eastern equine 1155 

Western equine 1155 

Venezuelan equine (rare) 1193 

St. Louis 1155 

Jai>anesc B 1155 

fiiturr&y Valley (Australian X disease) 1155 

llhcus. , 1191 

Russian tick-borne complex; 

Russian Bpring-summer 1156 

lA)U|iiiig ill (rare). 1191 

K 3 'aiatiur Forest disease (rare) 1193 

Central European 1193 

Dipha-sic milk fever 1194 

West Nile fever (rare) . .. 1191 

Colorailo tick fever (rare) 1190 

Encephalitis lothargica (Von Economo) . . . 1153 

Rabies .... 1140 

Polioencephalitis . . 1143 

Cox.«.nckic (rare) . . .... 1130 

Herpes simplex 1170 

Lymphocytic choriomeningitis (rare) 1130 

Mumiu (rare) .. 1180 

Cat-scratch dLcasc (tare) 1178 

P»iltftco«i8 (rare) 112" 

Influenza (rare) 1123 

Lymphogranuloma venereum (rare) 1177 

Primary .atypical pneumonia (rare) 1120 

Infectious hepatili? (rare) . 1070 

Enccpha!omyocafditi8(Coliimb!a-SK,Mengo,etc ) lift.’) 
Postinfcctious or postvaccinal dcmyelinating 
encephalitis* 

Vaccinia UCO 

Rabies .... 1149 

VnnccHa .... UCO 

Rubeola. ... . 1188 

Rubella . ... ... . 1100 

Exanthim subitum HCl 

Smallpox ... 1163 

Dengue . USS 

Yellow lever 1184 


A viral etiology was never established for the 
disease, but adequate bacteriologic studies were 
negative and its infectious origin seems almost cer- 
tain. Reports of sporadic cases occurring since 1926 
are based, of necessity, upon clinical findings only 
and cannot, therefore, be accepted unequivocally 
as indicatmg persistence of the disease. 

Epidemiologic evidence indicates an incub.'ition 
period of 1 to 2 weeks, and the definite seasonal 
incidence in winter and early spring argues for 
spread by contact rather than by an arthropod vec- 
tor. The majority of patients were under the age 
of 40 years and at least 25 per cent were in the 
10- to 20-year age group. While many aty'pical or 
inapparent cases occurred (as evidenced by ap- 
pearance of late sequelae), the mortality rate in 
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patient* with definite- clinical illness wa* about 30 
per cent, anti residual disability affected about 20 
per cent of suimsots. 

Tlie signs and S)-jnptoms of ciiccplialitis IcUiar- 
gica were estremcly \aried: for a detailed descrip- 
tion, the reader is rcfcrrctl to the monograph by 
Xcal listed at the end of tlii* chapter. C«ieTally, 
the disease is described as csolving through three 
stages. Initl-dly, there were feser. meningeal signs, 
sleepiness, and ophthalnioplcgi.ns followwl soon by 
the onset of other signs of cercbr.d disease. Tlic 
two most cLiraclenstic ssTidromos were the so- 
t allot,! JOfnnoffii/-op/iri«jfmopfcg/c anti the Irri/a- 
tice, or hyperkinetic, in which choreiform and my- 
oclonic mosements prctlominatcd. Jlowexcr, almost 
i-very neurologic disorder from epilepsy to poho- 
nijelitls s\.is obsorsed. The second stage lastctl for 
months or years and wa* referred to as ptcuJopsij- 
choncurolic as p.nlicnts complained of hcad.icl«c. 
tinnitus, insomnia, haligue. etc. The final st.igo 
sometimes blended with the first hut more often 
appearetl months or years later as parkinsonism, 
oculogyTic cruses, lichavioral abnormalities (espe- 
cially in children), and a variety of peculiar in- 
soliintary motor syndrome* and scgetalKc disor- 
thr« such as obesity and somnolence. It is of In- 
terest that much of our present understanding of 
the function of the basal ganglia derives from 
eliiiicopalliologic correlalhms in the study of vic- 
tims of tills disease. 

rPJDEMIC VIRAL ENCEPHALITIS 

All of llie diseases describwl here arc produced 
h) memlx-rs of the large (and cs rr-growlng) group 
of arthroposl-bcime, or arbor, siruses. Encephalitis 
IS b) no inr.ins the mast freejnent manifestation of 
biiman inh'ction by arlxir \lrtises. and only a mi- 
nority of the mcinliers of the group arc significantly 
eneeph ilifogcnic. Table 210-1, p. 1193. lists the 
most important ailnr virsises and indicates iho 
types of illness which each produces in man, tlic 
gr-ographic dislnbullon of Infc-ction. and the nrthro- 
pwl yc-cttirs rrsponsiblc for transmission. 

TJierc arc sis arbor \inises to be considcrcsl in 
.1 discussion of epidemic incephahtis: eastern 
equmo (EEC). WTstem cipnnc (WEE), St. Lonis, 
Japinese 11. Murray Valley', anil the closely related 
\mi5es rifcnrd to as the Russun tlck-lmmc com- 
pli-s All arc small vinistS (15 to -JO m/»), and their 
tv-wckojt in nature is prob.ybly persistent, inappai- 
fnt infection in mamin-ils, birds, or aitbmpods. 
EEE and WEE cause epidemics of filial cnccpluli- 
(is in horses, and (lie Russian \iniscs elicit 3 similar 
disease (UiupSng III) in slvcsip. .Anotlter ailxir virus, 
VcTiemeljfi njiime <\’EE). is .i raiise of epidemic 

-• ^ i-nct-nJubiij in cijiiincs hut scry rarely produces 
\ vany tiling mere llan a grippcliVe illness In man (p. 

S’ 
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1103). Despite its name, then, VEE L not properly 
regarded as a cause of epidemic encephalitis in 
man. 

Tlie usual route of human infection is through 
lire bite of an infected arthropod. Iloweser, infec- 
tions among laboratory workers have been numer- 
ous, and the viruses of Ibis group rank among tbc 
agents that c.iny the greatest risk in the laboratory, 
liiis ilanger, together with the difficulty of isoI.it- 
itig sinis from many patients, should preclude .any 
attempt at isokation of a specific agent in eases ol 
encephalitis except by experienced personnel in 
properly ccpiippcd institutions. Vims bas been iso- 
bted from both blood and spinal fluid in nussi.m 
and Jap.incsc B enccpluliHs rather frdjuently 
WTiile W'CE virus, on scry rare occ.isions, has been 
recovered from blood or spinal fluid, it can be found 
regubrjy only in central nervous system tissue. 
Simibriy EEC and St. Louis vlniscs have been 
found in central nervous system tissue, but neither 
has ever been isolated from spinal fluid. St. Louis 
virus has been isolated from the bloorl in occasional 
lnst.inccs. but there is on record only a single iso- 
btion of EEE virus from the blood. Scrofog/c <fi- 
ogHor/s by demonstrating a rise in neutralizing or 
complcment-faing antibody is quite nder|Uatc for 
clinical purposes. Paired serums taken early in die 
ilhiess and at 3 weeks should be tested slmiiltape- 
oiisly. h is import.xnt to Separate serum as soon as 
clot retraction occurs and to keep it frozen until 
testing. 

Pathoienetis. Following a stage of transient vl- 
rcinia. the virus attacks the meninges and the gray 
and white matter, principally of the ccrebmm and 
cerebellum. The lesions elicited by different arbor 
viruses resemble each other closely. Small hemor- 
rhages and endarteritis appear in the cercbnim and 
meninges; csiiddlion of small mononuclear cells is 
prominent, p.irticularly in the perivascular spices 
(**cuning"), Neuron.ll degeneration and necrosis arc 
proramtnt, and in J.ip.inese B und Murray Valley 
infections, there is extensive destruction of the 
PorVinje tfll*. Focal cnccphnlomabicia and demy- 
eliriatinii arc frequent, but the deim elinating proc- 
ess Is not confined (o the perivascuiir regions as it 
Is in postinfretious or postvaccinal encephalitis (p 
1105), and it tends also to destroy axis cylinders. 

Diagnostic Considcrolians. Rarely' will the symp- 
toms and signs of viral onecpinlitls dcscnlnxl in 
the following sections permit firm diagnosis on 
clmicai grounds alone. Serologic confirmation is 
always desirable. Wliile the geographic distnhutiini 
of thc'c ihscases (sec Table 210-1, p. 1193) will 
often narrow the jrossibllities. tod.iy’s rapid Inuts- 
portatioiv has already resnllevl in tlic appe.irancc of 
jjp.inese li cnccplialitu In patients in the Uiiitnl 
States. These are ell diseases of viarm weather, 
conesponding to tlie popul.ition of arthropod vtx-- 
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tors, but slight differences in seasonal incidence 
are apparent. In the United States, St. Lonis infec- 
tions occur in spring and early summer while W^E 
and EEE infections are summer diseases. Russian 
infections come in spring and summer while Japa- 
nese B and Murray Valley infections reach a peat 
in late summer and autumn. Ob\'iously, recogni- 
tion is more difRcult in sporadic cases than it is in 
a clearcut outbreak of encephalib's. 

Western Equine Encephalitis 
Serologic surveys indicate that 5 to 10 per cent 
of residents in endemic areas acquire sobclinical 
infection by ^VEE virus. In symptomatic cases, the 
severity of illness varies a great deal. The incuba- 
tion period ranges from 5 to 21 days but is usually 
less tlian 10 days. After a systemic illness with 
headache, fever, nausea, diarrhea, and lethargy, 
there may be complete recovery, but in severe 
cases there is sudden recrudescence of fever fol- 
lowed by severe headache, myalgia, and such neu- 
rologic disturbances as dysarthria, ataxia, nystag- 
mus, confusion, coma, or convulsions. Frank paraly- 
sis is relatively unusual, occurring in about 15 per 
cent of patients; ophthalmoplegia is rare. Recovery 
begins after 7 to 10 day’s and is ordinarily com- 
plete. There is usually a peripheral polymorpho- 
nuclear leukocytosis up to 15,000 per cu mm and 
the cerebrospinal fluid contains 10 to 500 cells wnth 
mononuclear celb predominating after the third 
Jay. Protein is elevated and glucose is normal. 

Mortality rarely exceeds 10 per cent and residual 
symptoms are very unusual. 

Eastern Equine Encephalitis 

This disease is far more severe than tlie vv’eslem 
type, and while some evidence of subchnical infec- 
tion in man has been encountered, it is apparently 
an infrequent occurrence. The onset is abrupt with 
fever, headache, and vomiting for a day or two. 
Following a short remission, there are high fever 
(often more than 103®F), conv'ubions, coma, opis- 
thotonos, paralysis, and peculiar edema of the face 
and extremities. Cyanosis is frequent. Peripheral 
polymorphonuclear leukocytosis as high as 50,000 
to GO.OOO cells per cu mm is not rare. Tlic illness 
lasts about 3 weeks and mortality ranges from 50 
to 75 per cent. A majority of survivors show serious 
residua] effects such as paralysis or mental deterio- 
ration. 

The cerebrospinal fluid pressure is high, protein 
concentration is elevated, and an initial polymor- 
phonuclear pleocytosis of 1,000 or greater gives 
way to a predominance of mononuclear cells after 
a lew days. 

St. Louis Encephalitis 

Inapparcnl infection is frequent; serolt^ie sot- 
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veys indicate that the incidence m.iy be .is high as 
70 per cent in endemic areas. Most symptomatic 
infections consist of a brief febrile illness without 
neurologic signs. In severe cases, there is abrupt 
onset with chills, fever, occipital headache, vomit- 
ing, and meningeal irritation. Convulsions are more 
frequent in children, lethargy and disorientation 
predominate in adults. Tremors, dysarthria, weak- 
ness, photophobia, and myalgia are also common 
Dramatic improvement after 3 to 10 days is usual 
althou^ convalescence is usually prolonged by 
weakness, malaise, and mental dullness. Convul- 
sions generally signify poor prognosis. Mortality 
ranges from 5 per cent in young adults to 30 per 
cent in uifants and the aged. The peripheral Icu- 
kocy’te count is often slightly low, but a mild leu- 
kocytosis is the rule. Cerebrospinal fluid pressure is 
rarely elevated, and the fluid contains up to 250 
cells with an early' polymorphonuclear predomi- 
nance. Pleocytosis of 500 or more is seen in chil- 
dren. Protein is slightly increased. Sequelae of 
mental deterioration or paralysis are rare m adults 
but occur in as many as 25 per cent of infant sur- 
vivors. Postencephalitic parkinsonism has not been 
noted following St. Louis infections. 

Japanese B and Murray Valley (Australian X 
Disease) Encephalitis 

These diseases are produced by closely related 
but distinctly different viruses. The geographic dis- 
tribution of infection, however, is quite different 
(see Tabic 210-1, p. 1193) with Murray Volley 
virus being confined to Australia and New Guinea 
However, clinical and pathologic manifestations of 
infection in man by these tvv’o viruses are so nearly 
identical that a single description suffices for both. 

Inapparcnt human infection is the rule. It is re- 
L'ably estimated that subclmic.al infections in man 
by Japanese D and Murray \'alley viruses are five 
hundred to one thousand times more fretjuent than 
symptomatic cases. While the attack rate in differ- 
ent age groups has vaned in some outbreaks of 
Japanese B infection, the majority of p.ilients in 
epidemics of both diseases have been cluldren, and 
sporadic cases tend to occur either in children or 
in adults entering an endemic area for the first 
time. This pattern is a reflection of the high rates 
of inappatent infection and consequent immunity 
in endemic populations, leaving cluldren and recent 
immigrants as the only' susceptible persons. 

In terms of Uie overwhelming preponderance of 
asvTnptomatic cases. Infection by these viruses car- 
ries a low mortality. However, among those indi- 
viduals who develop clinical disease, fatalities are 
very common. In various epidemics of Japanese B 
infection, as many as SO per cent of older patients 
have died and an over-all mortality of 35 to 50 
per cent is the rvilc. In American miht.'iTy forces. 
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fatalities have occurred in 1 0 to 30 per cent of cases 
desjiite the fa\orable age of patients and excellent 
medical care. The mortality in Murray Valley epi- 
demies has ranged from 40 to 60 per cent. 

Occasionally, instances of fever, headache, and 
malaise with complete recovery after a few days 
have been noted in epidemics, hut abortive cases 
of this tj'pe are not commonly seen. Encephalitis 
sometimes develops gradually after several daj’S of 
low-grade fever and grippelifce symptoms, but in 
both diseases the onset is usually abrupt, and pros- 
tration comes on rapidly. High fever with rigors in 
adults and convulsions in children are accompanied 
by headache, meningeal signs, myalgia, gastroin- 
testinal disturbances, flushing of the face, and sen- 
sorial changes including letfiargy, confusion, and 
coma. Tremors, nystagmus, spasticity, and \*arious 
abnormal reflexes are frequent. Isolated facial pa- 
ralysis or monoplegia is likely to be seen io chil- 
dren, but symmetrical spastic paresis without pa- 
ralysis is the rule in adults. Sustained high fever 
with relative bradycardia begins to subside by lysis 
on the third or fourth day, and striking subjective 
improvement Is usually apparent when patients be- 
come afebnle a few days mter. However, convales- 
cence IS long and slowj lethargy, weakness, trem- 
ors, and anorc-xia may persist for weeks. Extensive 
u eight loss is frequent, and a large proportion of 
patients show impairment of mentation, personality 
change, or paralyses which persist, although slow 
improvement may continue for months or years. 
More unusual residuals arc aphasia, psychosis, cere- 
bellar dysfunction, and decereberate rigidity. 

Polymorphonuclear leukocytosis as high as 30,- 
000 per cu mm m the peripheral blood subsides 
as defervescence occurs. Cerebrospinal fluid is 
rarely under increased pressure but slioivs elevated 
protein, normal glucose, and a mononuclear pleo- 
cytosis of 10 to 500, although higher counts can 
occur. Cases in which the spinal fluid shows no 
mcrcasc in cells are not unusual. Both protein and 
cell count in the spinal fluid tend to remain ele- 
lated well into the period of convalescence. 

Iliiistan Tick-borne Complex 

The scicral viruses in this group are believed by 
many virologists to represent different strains of 
Uie same agent. All are transmitted by ticks, and 
while encephalitis is a prominent feature of human 
infection by the vims in central Europe and in the 
Soviet Union, including European Russia and Si- 
beria, other clinical syndromes are ako elicited 
Tliese include Omsk hemonh.igic fever (p. 1193) 
in Siberia and Kyasanur Forest disease (p 1193), 
a simil.vr hemorrUagic illness In south India. 

IMiiIe transmission of the virus to man usually 
occurs by the bile of a tick belonging to the family 


Ixodidac, transmission by ingestion of raw milk 
from goats bearing infected ticks has been obsened 
in Russia and probably occurs in Austria as wcU 
(so-called diphasic or biundulant milk fever). 

The disease produced in marr by the cncephah- 
logenic strains of this vims is strikingly biphasic. 
After an incubation period of 7 to 10 days, there is 
an abrupt onset of a febrile, grippelike Illness, vnlh 
headache, malaise, myalgia, and anorexia. There is 
a mild peripheral leukopenia at this stage. IVithio 
5 to 10 days, fever and other symptoms abate, and 
patients may recover completely without further 
illness. However, in an unlmown proportion of pa- 
tients, a remission of 4 to 10 daj's is followed by 
fever, severe headache, and neurologic manifesta- 
tions. The blood shows a ihild leukocytosis during 
this second stage. Neurologic involvement is often 
L'mitcd to aseptic meningitis, but nystagmus, letb- 
argy, disorientation, pareses, and flaccid parnlysk 
signify central nervous system involvement in many 
patients. Tlie spinal fluid shows mononuclear pleo- 
cytosis and elevation of protein. Defervescence usu- 
ally occurs after 10 to 13 days, and convalescence, 
although prolonged by headaclie and asthenia, usu- 
ally ends in complete recovery. MortaLty rotes iO 
various epidemics have ranged from 0 to nearly 
30 per cent. Residual disability occurs in 3 to ^ 
per cent of survivors and consists of paralysis, psy- 
choses, and a peculiar syndrome called Kozhevni- 
kov's epilepsy in which locaUzed clonic muscle 
spasms are constantly present and occasionally In- 
tensify to the degree that an epileptic seizure oc- 
curs. The disease acquired from milk tends to be 
milder than the tjck-bome disease in Europe, anJ 
the severest encephalitis has occurred in easten^ 
Russia. The diseases produced by encephalitogenic 
strains of the vims are referred to by various 
names, including Central European, Czcchoslova' 
Wan, or Russian tick-borne encephalitis, Russian 
spring-summer encephabtis, Russian Far Eastern 
encephahtis, and biundulant meningoencephalitis. 

Prevention. Other than attempts to control vec' 
tors in local areas and the use of screening, protec- 
tive clothing, and repellents for individu.als enter- 
uig endemic zones of infection, specific immuniza- 
tion is the only approach that offers hope. Formol- 
ized vaccine prepared from infected mouse brain 
are said to have been effective in Russia for the 
Uck-bome complex. There is no vaccine for Murray 
Valley vims, and no reb'able preparation for im- 
munization against Japanese B virus is yet avail- 
able despite much work on the problem. No vac- 
cine is available for St. Louis encephalitis, and 
while x-accines for both IVEE and EEE viruses are 
used to protect laboratory workers, no large-scale 
demonstration of their effectireness in preventing 
natural infection in man has yet been attempted. 
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Section 17: Vii-al Diseases with Lesions of 
Skin or Mucous Membranes 


M MEASLES (Rubeola, 

Morbilli) 

Robert R. Wagner 

Definition. Measles Is a highly contagious viral 
disease characterized by prodromal respiratoiy 
symptoms and enanthemas (Koplik spots), followed 
by a typical morbilliform rash. 

History. At one time all epidemic eruptions (in- 
cluding t)’phiis fever and scarlet fever) were con- 
sidered to be variants of smallpox. Measles was 
probably first recognized by Rhazes, a tenlb-centuiy 
Arabian physician, and its identity as a ^ecific 
disease was finally established by Sydenham in the 
seventeenth century. The description by Koplik in 
1896 of buccal mucosal lesions firmly established 
the measles enanthem as a definite clinical basis for 
differentiating measles from rubella and other minor 
exanthematous diseases. It was not until 1954 that 
Enders and Peebles succeeded unequivocally in 
cultivating measles virus in the laboratory, thus 
providing reliable procedures for diagnosis and for 
preparation of vaccines. 

Etiology. Measles virus readily infects tissue cul- 
tures of monkey or human origin and can be 
adapted to grcAV in cbick embryos. Hmvo'er, even 
under the most favorable conditions the virus multi- 
plies to relatively low titer in tissue culture and in- 
fection can be demonstrated by staining with fluo- 
rescent antibody in only a small proportion of cells. 


Spread of measles virus in tissue culture occurs by 
fusion of cytoplasmic membranes of adjacent cells 
which then form multinucleated syncy'tiums, the 
characteristic cytopathology in all forms of infection 
with this virus. Monkeys in captivity commonly ac- 
quire the disease from man and from each other, 
and the virus is frequently present in a latent form 
in monkey renal epithelium. There is only one anti- 
genic type of measles virus, but serologic cross 
reaction occurs with the virus of canine distemper. 
Reports that distemper vaccine could induce im- 
munity to measles were probably premature. 

Epidemiology. Measles is transmitted by the 
respiratory route dunng the prodromal and early 
eruptive stage of the disease. Sporadic cases occur 
throughout the year in all civihzed countries, but 
epidemics are most frequent during the late winter 
and early spring. Measles is probably the most con- 
tagious of all diseases. An isolated community in 
Greenland, where measles ws formerly unknerwn, 
suffered an epidemic in 1951 in which the attack 
rale was virtually 100 per cent at all ages. Epi- 
demics In heavily populated areas are far less 
dramatic, because 93 per cent of individuab above 
fifteen years of age have been infected previously 
and are immune. The peak incidence is in young 
school children, and epidemics recur at intervals of 
2 to 4 years as new groups of susceptible cliildren 
reach school age. 

Pathogenesis. The virus initially infects the 
mucosa and lymphoid tissue of the nasopharynx and 
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spreads to draining lymph nodes. Viremi.i occurs 
dunng llie prodromal stage, resnlling in dissranina- 
tion of virus to all internal org.ans as well as the 
shin. Histologic examination of the early macular 
eruption reveals nonspecific focal necrosis of epithe- 
lial cells, proliferation of capillary endothelium, and 
subepidermal transudation of serosanguinous fluid. 
Tlic lesions in all infected tissues, wnth the exception 
of brain, ate characterized by progressive formation 
and enlargement of sj-ncytial giant cells, some of 
which may eventually contain as many as 100 
nuclei. Eosinophih'c inclusion bodies, composed of 
dense aggregates of viral antigen, are osu^ly pres- 
ent within the nuclei of the giant cells. Pulmonary 
infection results in desquamation and squamous 
metaplasia of bronchial epithelium, hemorrliages, 
and alveolar infiltrations by giant cells. The charac- 
teristic lesions of measles encephalitis are de- 
mjelmization of the type seen in allergic encephalo- 
myelitis, accompanied by vascular engorgement, 
perivascular hemorrhages, inflammation, and neu- 
ronophagia. 

Manifestations. The clinical course of uncom- 
plicated measles can be divided into three stages: 
the prodrome, the criiptiorij and recovery. Tlie 
prodrome usually precedes the rash by A days, but 
sometimes by a week or longer, and is characterized 
by symptoms of increasing fever, coryza, conjunc- 
tivitis, photophobia, hoarseness, and cough. The 
cough IS deep-seated, backing, frcc^uently painful, 
and may persist Uuoughout the entire illness. The 
{Mtliognofflonic Koplik spots can be found m ap- 
proximately 9S per cent of cases at the end of the 
prodromal stage and can persist for a day or bvo 
after the onset of rash. They are tiny white or 
bluish-white areas on a bright red base, character- 
istically grouped around the orifice of the parotid 
duct opposite the premolar teeth. Occasionally 
Kophk spots cover the entire buccal mucosa; they 
can also be present on the palpebral conjunctiva and 
vaginal mucosa. A prodromal rash, consisting of 
transient blotchy erythema, may precede the true 
rash. 

The inaibation period of measles, including the 
prodrome, is regularly 12 to 14 days and terminates 
in the appearance of a morZiii/i/orm rash. At this 
time, fever increases, cough worsens, the face and 
lips become puffy, and the patient appears lethar- 
gic, irritable, and acutely uncomfortable. Headache, 
letTooibital pain, itrdiing and burning of the eyes, 
marked photophobia, and myalgia are common. 
Generalized lymph node enlargement can occur but 
is less striking than in rubella. Splenomegaly is oc- 
casionally present. The rash is first noted on die 
forehead and behind the ears and soon thereafter on 
tlie face and neck. Cbssically, it spreads downward 
ill 1 to 2 days to involve the chest, back, abdomen. 
■“n 
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and limbs, Including the palms and soles. In the 
early stages the skin lesions are pink, discrete 
maailes, with slightly raised irregular borders that 
partially blancli on pressure. Later the rash becomes 
confluent, particularly on the face and back, and 
assumes a dusky red or violaceous hue. Rarely, Jt 
is hemorrhagic (black measles) and associated with 
bleeding from the body orifices, often attributable 
to thrombocytopenia. The eruptive pliase generally 
lasts for 3 to 5 days, terminating abruptly with f-ill 
in temperature and marked alleviation of all symp- 
toms. Recovery is usually uneventful. Tlie rash 
fades rapidly, leaving a brownish, blotchy discoloro. 
tion of the skin and areas of superficial desquama- 
bon. 

Complications. Measles may be complicated by 
inflammation of internal organs, caused by the varus 
itself or by secondary bacterial infection. Virol 
bronchitis and peribronchial pneumonitis are quite 
common and are often mistaken for bacterial 
bronchitis and bronchopneumonia. Abdominal pain 
and diarrhea may be manifestations of invasion of 
intestinal mucosa and mesenteric lymph nodes by 
measles \-irus. True viral appendicitis is an uncom- 
mon cause of abdominal comphints. Gangrene of 
the face and lips, or nomn, has become very’ rare. 
Slight aberration of liver function has been ob- 
served, but jaundice and hepatomegaly are uncom. 
mon. Clmica] and electrocardiographic evidence of 
myocardilis and pericarditis have been reported, but 
their true incidence is unknown. SupeTficial keratitis 
and corneal ulcerations are often found if looked for 
carefully; these areas usually heal without scarring, 
but severe bacterial kerab'tis and blindness some- 
times occur. Unhke rubella, there is no conclusive 
evideoce that measles in pregnancy is a cause of 
fetal abnormalities, but abortions may occur. 

Measles virus has been shown to cause giant-ccU 
pneumonia in children. The clinical manifestations 
are similar to those of other viral interstitial pneu. 
roonias. In addition to necrotizing bronchitis and 
bronchiolitis, the disease is characterized by diffuse, 
nodular infiltrations of the lungs, often leading to 
pulmonary insufficiency and death. Most of the 
cases have been reported in children with leukemia, 
mucoviscidosis, or other debilitating diseases, and 
several have occurred in the absence of rash or 
other manifestations of measles. Unusual features of 
measles giant-cell pneumonia are prolonged per- 
sistence of virus in pharyngeal and respiratory epi- 
thelium and absence of antibody response. 

Another serious viral complication is measles cn- 
ccplutliiis. encountered in about one case in every 
1,000. It is usually heralded by high fever, drowsi- 
ness, excitability, and convulsions occurring at any 
stage of the illness from the prodrome to a week or 
more after the onset of rash. The mortality rate of 
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measles encephalitis ranges from 10 to 30 per cent 
in different epidemics; approximately 40 per cent 
of survivors show permanent sequebe of mental re- 
tardation, personaht)’ changes, and behavioral dis- 
orders. In addition, clectroencephalographic ab- 
normalities have been noted in SO per cent of chil- 
dren witli measles who hax’c no clinical signs of 
encephalitis. 

Secondary bacterial infections generally develop 
in the late eruptive stage and, although infrequent, 
are the major causes of death in measles. The most 
serious pyogenic complication of measles Is broncho- 
pncimonla, which is associated with a high in- 
cidence of delayed resolution, empyema, lung 
abscess, and bronchiectasis. Purulent otitii media 
is occasionally encountered but usually does not 
lead to mastoiditis. Rarely, bacteremia followed by 
metastatic abscess formation, meningitis, or endo- 
carditis may occur, particularly in infants or de- 
bilitated children. Paradoxically, children with 
nephrosis often undergo a prolonged remission after 
an attack of measles. Positive tuberculin reactions 
may revert temporarily to negathe, and exacerba- 
tions of latent tuberculosis can follow an attack of 
measles. 

Laborator)' Tindings, Kteaslcs xarus can be iso- 
lated by inoculating human or monkey cell cultures 
with pharyngeal secretions or blood obtained from 
patients during the prodromal and early exanthema- 
tous phases of the disease. Comp]cmcnt*fi.xing and 
neutralizing antibodies develop in convalescence. A 
simple bboratory procedure is the microscopic ex- 
amination of Wright's stained smears of nasal 
curettings or sputum for the characteristic multi- 
nucleatetl giant cells of measles (Warthin-Finkcldc)' 
cells). These cells are most readily found dmring the 
late prodromal and early eruptive stages. The while 
blood cell count may be low in the prodromal stage 
but is usually normal during the rash. Leukocytosis 
occurs in secondary bacterial infections and occa- 
sionally in measles encephalitis. Tlie cerebroqjinal 
fluid in measles encephahtis contains 0 to 500 cells 
per cu nun, mostly mononuclear cells, and a 
slightly increased amount of protein. 

Differential Diagnosis. In measles, the rash, 
cough, and systemic manifestations are more pro- 
nounced than in rubella and exanthem subitum. A 
problem of ever-increasmg importance is the differ- 
entiation of measles from drug eruptions, par- 
ticubrly sensitivity reactions to Dilantin. It is 
sometimes difficult to distinguish the early cutane- 
ous lesions of secondary syphilis from measles rash; 
occasional patients with measles may also develop 
a false positive serologic test for syphilis. 

Treatment. The treatment of uncompb'eated 
measles is entirely symptomatic. A quiet, darkened 
room is much appreciated by the patient with im- 
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tability and photophobia. Nonproductive, debilitat- 
ing cough is best suppressed by codeine. Antibiotics 
should be administered onlij if secondary bacterial 
complications develop. 

Prophylaxis, Immune serum is probably of greater 
benefit in the prevention or attenuation of measles 
than of any other disease. The y-globulin prepared 
from adult human serum ahva^'s contains measles 
antibody, produces few untoward reactions, and is 
invariably free of serum hepatitis x’irus. The dose of 
y-globulin for prevention of measles is 0.1 ml per 
Ib body uxiight given on the third to eighth da)' of 
the incubation period. If attenuation is desired, 0.02 
ml per lb should be given during the first week or 
larger doses later in the incubation period. Doses 
affording complete protection are advTsable for 
infants or chronically ill children. Modified measles 
usually results in permanent immunity, but the 
aborted disease may not. No benefit can be ex- 
pected from p.assive immunfzab’on in the prodromal 
or eruptive stage. The y-g!obuhn does not reduce 
the incidence or seventy of measles encephalitis 
developing in partially protected children. 

The efficacy of vaccination with infectious, at- 
tenuated measles virus grown in chick embiyo 
tissue culture is being evaluated in the United 
States and elsewhere. Parenteral administration of 
this vaccine has been found to induce a serologic 
response in 05 per cent of children who had no 
demonstrable antibodies at the time of vaccination 
Unfortunately, the incidence of untoward reactions 
has been dis.vppointingIy high. Most of the children 
exhibited moderate fever about 8 daj’s after vac- 
cination and a modified measles rash 3 days later, 
but otherwise felt well. Relatively few developed 
respiratory manifestations, enanthems, or viremia; 
encephahtis and cross infection of unvaccinafed 
contacts have not been noted during vaccine tri.als 
Preliminary observations also indicate that success- 
ful vaccination induces solid immunity to measles 
Further studies of mass production methods and 
standardization of vaccines and the incidence of 
untoward reactions will probably be required be- 
fore attenuated measles vaccines are licensed for 
general use. 
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RUBELLA (German Measles) 

Robert R. Wagner 

Definition. This is a benign contagions disease of 
viral etiology, characterized by fever, ly-mphadcnop* 
athy, and morbilliform rash. Rubella is most Im- 
portant because of the high incidence of congenital 
malformations following maternal infection in the 
first half of pregnancy. 

Etiology' and Epidemiology. Rubella virus has 
not been cultivated in tissue culture or experimen- 
tal animals, but tlie disease can be transmitted to 
volunteers by inoculation of blood or nasophaiyn- 
gcal secretions obtained from infected individuals. 
The rarity of second attacks Is evidence of the ex- 
istence of only one antigenic type of rubella vinis. 
The relatively high incidence in adults suggests 
tliat rubella is far less contagious than measles. The 
preemptive stage of the disease is the period of 
greatest communicabJity, and the infection is ac- 
quired by the respiratory route. Most epidemics 
occur in the early spring and are rarely extensive 
in the community at large, but institutional out- 
breaks may assume major proportions. The inci- 
dence of asymptom.itic, or unrecognized, infection 
IS unknown but probably quite high. 

Manifestations and Diagnosis. The incubation 
period of rubella is usually IS days, with a range 
of 14 to 23 days. A distinct prodromal period is 
not characteristic of the disease in children, al- 
though mild fever, vomiting, and irritability may 
antedate the rash. In contrast to measles, rubella 
usually produces minimal respiratory manifesta- 
tions. Many patients complain of sore gums, but 
tliere is little objective evidence of gingivitis An 
enanthem, consisting of a circumscribed patch of 
small, dark-red macules resembling petechiae, lo- 
cated at the junction of the hard and soft palates, 
IS piesent in many patients (ForchJielmer spots) 
but is not so constant as Kophk spots in measles. 
In adults, systemic manifestations such as chills, 
'Jever with temperature to 10S°F, headadic, pain 


behind the eyes, diffuse muscular aches, and lymph 
node enlargement are often prominent, but even 
severe rubella rarely causes as much discomfort or 
prostration .is docs measles. The bulbar conjunctiva 
may be reddened, but palpebral conjunctivitis and 
photophobia are rare. The rash first appears on the 
neck and face as small pink macules, which darken 
and spread downward over the trunk and extremi- 
ties within 2<t hr. The lesions tend to remain dis- 
crete but may coalesce over the back and buttocks. 
The palms and soles .ire usually not involved Tlie 
rash rarely persists be)'ond the fourth day. Fine 
desquamation and lighl-broivn staining of the skin 
sometimes occur. The most characteristic manifes- 
tation of rubella is enlargement and tenderness of 
the soboccipital and postauricular lymph nodes, 
which sometimes attain a diameter of 2 cm and 
are easily visible as well as palpable. Mild gener- 
alized lymphadenopathy is common, and spleno- 
megaly is infrequently found. 

Complications are rare. There is no definite pre- 
disposition to secondary bacterial infections. Some 
patients complain of mild joint pain and swelling 
that may continue for several weeks after rash and 
fever subside. Thrombocytopenic purpura associ- 
ated with skin and mucous membrane hemorrhages 
has been described. Meningoencephalitis due to 
the rubella virus is unconunon and not so severe as 
measles encephalitis. It usually takes the form of a 
benign aseptic meningitis, but fatal encephalitis 
can occur. Peripheral neuritis and retrobulbar neu- 
ritis have also been described. 

The only significant laboratory findings are incon- 
stant leukopenia in the preeruptive phase and lym- 
phoi^osis, sometimes with abnormal lympbocjAcs, 
in the stage of rash. 

There is no specific treatment, and the vast ma- 
jority of cases recover uneventfully. Rarely, re- 
lapses, similar in all respects to the initial attack, 
occur several weeks after apparent recovery. 

Congenital Rubella. Children bom to women 
who contract rubella in the first 4 months of preg- 
nancy arc frequently malformed. Maternal rubella 
also results in abortion or miscarriage. The pnn- 
cipal fetal organs involved are the eye, ear, brain, 
and heart, singly or in combination Eye disorders 
consist of cataracts, glaucoma, microphUialmos, and 
retinitis pigmentosa. Malformations of the inner car 
result in deof-mutism. A variety of cerebral anom- 
alies have been described, including microcephaly 
and mental retardation. Common congenital cardiac 
lesions are patent ductus arteriosus and inter- 
ventricular septal defect. 

Congenital malformations following maternal ru- 
bella were origuiaJly reported to occur with a fre- 
quency as high as 90 per cent. More discriminating 
prospective studies indicate tliat the true incidence 
is 10 to IS per cent, or approximately sLx tunes the 
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incidence of congenital malformations in pregnan- 
cies uncomplicated by rubella. Many physicians 
continue to advocate tlierapeutic abortion, particu- 
larly if rubella can be diagnosed with certainty dur- 
ing the first 2 months of pregnancy. 

DiSercntial Diagnosis. In addition to mild mea- 
sles, rubella may simulate scarlet fe\’cr and e-xan- 
them subitum. Early differentiation of rubella and 
infectious mononucleosis is difficult at times owing 
to the similarity in rash, adenopathy, and early 
blood leukocyte changes. 

Prophylaxis. Girls should be exposed to rubella 
before they reach the child-bearing age. Although 
opinions vaiy as to its efficacy, pooled human 
y-globu]in has been demonstrated to neutralize ru- 
bella vires. Therefore, it is advocated that all 
women exposed to rubella during the first half of 
pregnancy should receive inliamuscular injections 
of y-globulin in doses not less than 20 ml. 
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IQQ OTHER EXANTHEMATOUS 
1^0 VIRAL DISEASES 

Roberi R. Wogner 

It has long been knoivn that macular or vesicular 
rashes occur as the cardinal manifestations of viral 
diseases other than measles, rubella, and chicken- 
pox. Erythema infectiosum was described as a form 
of rubella in 1S89 and acquired its name and sepa- 
rate status in 1899. Exanthem subitum (roseola in- 
fantum) also masqueraded as a variant of rubella 
until Zahorsky’s classic description in 1910 estab- 
lished it as a different disease. In succeeding years, 
many reports of atypical rubelliform creptions 
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found their way into the medical literature under 
such names as fourth disease or Duke’s disease, but 
none has survued as a distinct nosologic entity. 
The term Boston exanthem, which dates to 1956, 
still has some generic validity, but only as one of 
the exanthematous diseases caused by enteroM'- 
Tuses. 

Since 1957, there has been increasing awareness 
that CoxsacUe A, Coxsackie B, and ECHO viruses 
are important etiologic agents of febrile diseases 
xvith rubelliform or vesicular eruptions. Rashes base 
also been described in occasional cases of polio- 
myelitis in adults. Descriptions of these enteroii- 
ruses, other diseases caused by them, and their 
pathogenetic and epidemiologic characteristics are 
presented alsewhere (p. 1130). 

Reports claiming that the viruses of exanthem 
subitum and erythema infectiosum can be culti- 
vated in tissue culture require supporting data It 
would not be surprising, hcAvever, if the etiologic 
agents of these diseases also proved to be entero- 
viruses. Certain epidemiologic features of exanthem 
subitum and erythema infectiosum suggest that the 
respiratory tract is not the main portal of enti)’ 
Unlike measles and chickenpox, the respiratory 
manifestations of these diseases are absent or mmi 
mal, they have a relatively low degree of conta- 
giousness, and cases do not occur predominantly in 
the winter months. 


EXANTHEM SUBITUM (Roseola Infantum) 

E.xanthem subitum is a sporadic infectious dis- 
ease of infants and children characterized by a 
typical sequence of fever, defervescence, and rash 
The vast majority of cases occurs behveen sLx and 
eighteen months of age, and the disease is rare 
above the age of eight, although a few instances of 
typical roseola have been reported in young adults. 
E:unlhcm subitum seldom attacks more than one 
child in a family and almost never reaches epidemic 
proportions. 

The incubation period is about 10 days but may 
be longer. Onset is abrupt, with high lexer, the 
temperature frequently reaching 105 to lOO^F in 
a few hours. Convulsions are common with hyper- 
pyrexia, but in other respects the patient appears 
surprisingly xvell. There are usually no respiratory 
manifestations other than sUght pharyngeal injec- 
tion. The lymph nodes are somewhat enlarged, par- 
ticularly in the suboccipital and posterior cervical 
areas. Many a physician's reputation has been es- 
tablished by making a correct diagnosis in the pre- 
eniptive phase. Constant or remittent fever persists 
for 3 to 5 days and then subsides completely. The 
rash appears suddenly (hence the name exanthem 
subitum) at the time the fever disappears or as 
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nuidi as 36 hr later. It consists of small, scattered 
rose-pink macules that blanch on prcsstire. Tlie 
eruption is largely confined to the neck and trunk 
but can insolve the face and arms. It usually per- 
sists for 48 hr and fades rapidly witliout pigmenta- 
tion or desquamation. A faint enanlhem m.ay be 
present on the soft palate. The prognosis for com- 
plete recovery without sequelae is excellent. Sec- 
ondary bacterial infections and other complic.»lions 
are extremely uncommon, but encephalitic mani- 
festations and postconsoilsive hemiplegia have oc- 
casionally been reported. 

Tliere are no specific laboratory tests av'ailabic 
to aid in diagnosis. Leukocytosis during the fcbnic 
phase is followed by leukopenia during the enip- 
tivo stage. 

ERYTHEMA INFECTIOSUM (Fifth Disease) 

This is an uncommonly reeogni7ed contegious 
disease characterized by lack of systemic manifes- 
tations and a t>'pical macular rasli. It lends to occur 
in localized outbreaks, p.uticu!arly in elementary 
schools, with sporadic secondary cases in family 
groups It has been observed at ages from eight 
months to forty-five years, but most cases arc found 
in children from six to ten years old The incubation 
period varies from 4 to 14 da)S No definite pro- 
drome occurs, and the temperature is usuill) nor- 
mal or at most transiently elevated to 100 to 102*F. 
Respiutory and gastiointestinal symptoms arc con- 
spicuous by tlieir absence A few patients may 
show slight c-onjunctival injection, pharyngeal ery- 
thema, or herpes bbialis There is no cnanlliem or 
Ivmphadenopalhy. The disease Is readily lecognircd 
by the rash, whicli is the only constant manifesta- 
tion It begins on the cheeks as bnllunl rose-red 
spots with vveU-defined raised margins th.it rapidly 
become confluent. At tins stage, the rash often re- 
sembles erysipelas, and vesicles may form within 
tlie lesions The bridge of the nose is invariably 
spared, sparse discrete lesions extend from the 
clieeks to the forehead and neck. Circumoral pallor 
IS often prominent Tlie rash spreads downward in 
2 or 3 days to involve the extremities and, to a 
much lesser extent, the tnink. The most character- 
istic lesions arc seen on the extensor surfaces of 
the arms and legs and on the buttocks, where large 
red macules separated by narrow rims of nonnal 
skm produce a reticular pattern. The spots fade 
from the center outward, leaving a lacy network of 
red lines. In the late stages, tliis network may re- 
semble cyanotic marbling (cutis marmorata). The 
rash fades completely in 2 to 24 days without des- 
tjuamation or residual pigmentation, but recrudes- 
cence may occur, particularly if the skin is irritated. 
The blood leukocyte count is nonnal except for 
''‘ight eosinophilia in some cases. 


ENTEROVinAL EXANTIIEMS 
Tlie exanthematous <liscascs caused by different 
enteroviruses are not sufficiently distinctive to per- 
mit cUologic subdivision into c’.xanthems caused by 
Coxs.ickie A, Coxsackie D, and ECHO viruses. Clas- 
sification of these viruses as three separate groups 
is in itself somewhat artificial (sec p. 1128). In gen- 
eral, the entcroviral exanthems fall into two main 
clinical categories based on w hether the cutaneous 
lesions are vesicular or rubcllifomi in appearance 
Entcroviral Infections with Vesicuhar Rash. Tlie 
best authenticated epidemics of entcroviral infec- 
tion characterized by vesicular rash have been 
caused liy Coxsackie A vinis either type 9 or type 
16. Coxsackie R and ECHO viniscs have been im- 
plicated III some outbreaks. Multiple cases occur in 
families during the summer and early autumn, the 
most seriously affected members are young chil- 
dren. There is no distinct prodrome, but a common 
manifestation is fever, v^nth temperatures of 100 to 
106“F. The illness is sometimes accompanied by 
gastrointestinal symptoms of abdominal pain, ano- 
rexia, nausea, vomiting, and diarrhea. Many pa- 
tients complain of sore throat, and n few experi- 
ence cough, clicst pam. eye pain, and photophobia 
A freijucnt occurrence is the development of an 
oropharyngeal and faucial eiiantliem consisting of 
vesicles 1 to 5 mm m diameter on an ery'thematous 
base that ulcerate in several d.iy$. The exanthem 
usually begins .as discrete m.xcules and papules 
which soon vesiculate. Tlie vesicles may be con- 
centrated on the axtremities and become bullous 
in character, or they may predominate on the trunk 
and remain small Meningitis and severe pneumo- 
nitis can occur as complications of disseminated 
infection with Coxsackie A virus. Among the dis- 
eases that must be considered in differential c/icg- 
»ios« are cluckewpox (p. 116G), priewary herpes 
simplex (p. 1170), and erythema niultiforme (Sfe- 
vens-Jolinson syndrome) (p. 1924). If cutaneous 
lesions arc absent or sparse the disease might well 
be called lierpangina (p. 1173). 

Entcroviral Infections with Rubclliform Rash. 
Febrile exanthems that may be difficult to differ- 
entiate from rubella or mild measles can be caused 
by at least seven different types of ECHO virus 
and two types of Coxsackie B virus In some epi- 
demics, meningitis is a frequent concomitant, but 
in others, rash is the sole distinguishing clinical 
characteristic. Sporadic infections occurring in in- 
fants may run a course identical to that of exan- 
them subitum. However, in contrast to exanthem 
subitum, epidemics of enteroviral exanthems also 
involve older cbOdien and adults. In outbreaks of 
infection with ECHO virus type 9, tlie fever and 
rash make their appearance simultaneously. Occa- 
sionally, the eruption in infants is petechial and 
can be readily confused with merungococccmia. 
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particularly if meningitis is present. The exanthem- 
atous {liscasc caused by ECHO \’irus type 18 has 
been sliouTi to be associated with viremia. 

Boston exanthevi is perhaps the most readily rec- 
ognized entcroviral infection with rubellifoim rash 
and can ser\’e as the prototype of these diseases. 
It is an acute illness of children and their parents 
that is now known to be caused by ECHO virus 
type 16 and probably other types. The incubation 
period varies from 3 to 8 days. Fever and systemic 
manifestations arc more marked in adults, and the 
rash is more intense in children. In adults, the ill- 
ness usually starts abruptly, with shaking chills, 
temperature to 104®F, headache, muscle p.ains, 
piDstration, and, occasionally, abdominal cramps or 
sore throat. The usual findings in children are low- 
grade fever, irritability, listlessness, and anorexia, 
but more often, there are no prodromal sj-mptoms. 
A variety of lesions, including vesicles, small 
punched-out ulcerations, raised reddened areas, or 
tiny yellowish plaques, occur in the pharjmx. There 
is no significant lymph node enlargement. The fe- 
brile. or prodromal, phase of the disease lasts about 
48 hr. The rash ordinarily appears during llie 24 
hr after fever subsides and consists of salmon-pink 
macules about 2 mm in diameter with indistinct 
borders. The lesions tend to remain discrete, al- 
though they can coalesce and take on a blotchy 
appearance. The cniption predominates over the 
face and upper chest but frequently extends to the 
arms, buttocks, and legs. Occasionally, Uie palms 
and soles are involved. The rash subsides after 72 
hr, and recovery is always uneventful; no compli- 
cations or sequelae have been noted. Boston ex- 
antliem is most commonly confused with German 
measles, exanthem subitum, and "heat rash." 
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1 QA SMALLPOX, VACCINIA, 

AND COWPOX 
Robert R. Wagner 

Smallpox virus is the human representative of a 
large family of viruses that infect many mammalian 
and avian species. Poxviruses are characterized b) 
their comparatively large size (220 to 280 m/i), 
brick-shaped appearance by electron microscop)’, 
complex chemical and antigenic structure, and high 
content of deoxyribonucleic acid. The viruses of 
smallpox (Poxvirits variolae), vaccinia (P. offici- 
nale), and cotvpox (P. bovli) are closely related 
antigcnically but differ markedly in their virulence 
for man. Each is capable of producing either local 
or generalized infection, depending on the route of 
exposure and the state of host resistance. Smallpox 
acquired by intradeimal inoculation of virus is usu- 
ally a far milder disease than naturally acquired 
smallpox. This mctliod of producing immunity, 
known as variolation, antedates vaccination by sev- 
eral centuries. The classical studies of Jenner, pub- 
lished in 1798, popularized the use of “cowpox" 
pus for active immunization against smallpox. The 
virus used at present (vaccinia) differs slightly 
from cowpox virus, owing cither to mutation by 
human passage or to accidental contamination with 
attenuated smallpox virus jenner’s original vac- 
cinia virus, rather than cowpox, is still used for 
smallpox immunization. 

SMALLPO.V (Variola) 

Definition. Smallpox is a highly contagious viral 
disease characterized by a diphasic febrile illness 
and a vesicular and pustular eruption. 

Epidemiology, Smallpox epidemics have ravaged 
large areas of the world for the last millennium and 
probably longer. Major epidemics still occur in 
Asia, Afnca, and South America, and small out- 
breaks with high mortality are not unusual in Great 
Britain and other countries in which vaccination of 
children is not compulsory. The respiratory tract is 
the commonest portal of entry of smallpox virus, 
but in contrast to measles and chickenpox, the pe- 
riod of contagiousness persists throughout the erup- 
tive phase. One of the greatest dangers is dissemi- 
nation of smallpox by partially immune individuals 
with only minor manifestations of infection. The 
virus IS quite resistant to inactivation by heat and 
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can be transmitted by contact with dotbing or 
other personal effects of infected individuals, as 
well as by the air-bome route. Stringent isolation 
precautions until the last skin cnist has separated 
are essential in preventing epidemic spread of the 
disease. 

Pathogenesis. The classical studies of Fenner on 
mousepox (infectious ectromelia), an endemic dis- 
ease of mice, serve as a model for the pathogenesis 
of smallpox. In mousepox and probably in smallpox 
(Downie), virus localizes and multiplies at the site 
of penetration and in adjacent lymph nodes. The 
liver and spleen are abo infected in the early stages. 
After a definite interval of time, which corresponds 
to the incubation period, wrus enters the blood 
stream from the l)-inph nodes, liver, and spleen and 
IS widely distributed to the skin and mucous mem- 
branes. Tlus stage of v-iremia coincides with ihc 
prodromal symptoms. During the next few days, 
antibody is formed and virus disappears from the 
blood but continues to multiply in the skin, mucous 
membranes, and In certain instances, tiic lung and 
brain. This coincides with the stage of major ill- 
ness, characterized by skin eruption and parenchy- 
mal lesions of internal organs. Tlie cutaneous le- 
sions of smallpox evolve is a regular pattern. Tlie 
earliest changes are capillac^- dilatation atvd epi- 
dermal necrosis, followed by proliferation and lliick- 
ening of epidermis, vacuolization, fonnation of 
septate vesicles, and finally, pustulation produced 
by polymorphonuclear leukocytes that Invade the 
vesicles from tlie conum Cjtoplasmic inclusions 
(Guamieri bodies), composed of dense masses of 
virus particles, characterize the lesions of smallpox 
and vaccinia. 

Manifestations. In its classical form (variola ma- 
jor) smallpox can be divided into a prodromal 
phase, an afebrile period of early rash, and a stage 
of vesicular and pustular rash. The ineubafion pe- 
riod is usually 12 da)S but varies from 10 to 14 
days or longer. The prodrome starts abruptly, witli 
shaking chills, fever with a temperature of 104 to 
106®F, restlessness, irritability, headache, excnici- 
ating backache, vomiting, and prostration. A pro- 
dromal rash of faint irregular macules may be 
noted, particularly in the axillary and inguinal areas. 
An easily visible eruption at this stage usually por- 
tends a severe illness. Rarely, the prodromal rash 
is widespread and purpuric, an invariably fatal form 
of the disease known as black smallpox (purpura 
variolosa). Mucous membrane hemorrhages, bone 
marrow depression, shock, and coma accompany 
tins fulminant illness, and death occurs before the 
vesicular eruption develops. 

In most cases the initial fever subsides rapidly 
after 2 to 4 days, and the patient seems much im- 
proved. At this time a macular (followed by a 
papular) rash appears, with individual lesions 


which gradually enlarge to about 0.5 cm in diame- 
ter. Over a period of 6 to 10 days the papules pro- 
gress to become firm, mulliloculated vesicles and. 
finally, painful and pruritic pustules. With the ap- 
pearance of pustular lesions, fever and systemic 
manifestations recur. Characteristically, tlie rash of 
smallpox is concentrated on the face, extremities, 
and particularly the palms and soles. However, in 
severe infections the eruption is diffuse, confluent, 
and hemorrhagic (variola hacmorrhagica) . Ulcera- 
tive lesions often occur on the mucous membranes 
of tlie oropharynx, conjunctivas, larynx, trachea, 
and genitalia. The individual lesions evolve in a 
regular sequence from papules to vesicles and 
finally to pustules, and at each stage all the lesions 
have the same appearance. The deep laj'crs of skin 
are involved, resulting in typical firm, shotty nod- 
tiles. During the recovery phase the pustules be- 
come umbiheated and crusted; ns they heal, the 
deeply situated pustules leave pitted scars In mild 
smallpox the lesions are sparser, located in the su- 
perficial epidermis, and heal without scarring; they 
are soft, friable, surrounded by a red areola, and 
may resemble closely the individual lesions of 
chickenpox. 

The complications of smallpox arc chiefly the 
result of systemic reactions to the virus. Cncepholi- 
tls. Interstitial pneumonia, and mijocarclitis occur 
rarely and arc simil.ir in many respects to infection 
of the brain, lung, or heart with measles or cliick- 
enpox virus Viral osteomyelitis is said to occur in 
2 to 5 per cent of children with smallpox. Super- 
infections tcHh bacteria, particularly staphylococci 
and streptococci, arc seen occasionally in the late 
pustular stage. These infeclicms take the form of 
severe, often fatal, pyoderma or pneumonia. 

Benign forms of smallpox occur in certain epi- 
demics, particularly in Asia, and in partially im- 
mune individuals. Alastrim (variola minor) is char- 
acterized by low-grade fever, sparse rash, and al- 
most no fatalities. It is caused by a virus identical 
to smallpox virus except for its reduced virulence 
Modified smallpox (varioloid) is a mild form of 
the disease in vaccinated individuals infected with 
virulent virus. Under these circumstances tempera- 
ture elevation is minimal and the rash is less 
marked, evolves more rapidly, or may be absent 
A patient with smallpox modified by vaccination 
may' transmit a fatal infection to a susceptible in- 
dividual; alastrim, however, is invariably mild. 

Laboratory Findings. Smallpox virus can be iso- 
lated from the lesions of the skin and mucous mem- 
branes by inoculation of chick embryos, mice, or 
rabbits. The .virus is also present in the blood 1 to 
6 days after onset. Serum antibodies can often be 
detected as early as the fifth day of the disease by 
complement fixation, hemagglutination-inhibition, 
and neutralization tests. The leukocyte count is low 
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in the prodromal phase; leukocytosis is usual during 
the stage of pustular rash, even in the absence of 
secondary bacterial infection. 

Differential Diagnosis. Smallpox is most often 
confused \vith severe chickenpox, particularly in 
adults. In smallpox, the lesions are situated in the 
deep layers of die skin, are homogeneous, and are 
distributed centrifug.illy. The rash of chickenpox is 
superficial, appears in succcssi\-e crops, and is lo- 
cated mainly on the trunk. Pustular drug eruptions 
and erythema multiforme buUosum occasionally 
mimic smallpox. 

Treatment. No specific treatment is available for 
the primary viral infection. Although success has 
been reported in pre\enlion of secondary bacterial 
infections with antibiotics, other reports state that 
antibacterial therapy lias not greatly reduced mor- 
tality, All individuals in contact with a suspected 
case of smallpox should be vaccinated forthwith 
regardless of previous immunization. Revaccination 
of exposed individuals usually induces a prompt 
anamnestic antibody response that afi^ords complete 
protection. Primary vaccination during the incuba- 
tion period does not result in sufficient immunity 
to prevent smallpox but may attenuate the disease. 

VACQNIA 

Definition. Vaccinia is a skin infection occurring 
in the course of vaccination against smallpox with 
living vaccinia virus. Generalized vaccinia and post- 
vaccinal encephalitis are rare complications of in- 
tentional or accidental vaccination. 

Vaccination. It Is customary in the United States 
to prepare smallpox vaccine by dermal inoculation 
of vaccinia virus into calves. The fluid from the 
resulting pocks (vaccine lymph) is scraped from 
the skin, processed, and dispensed in sealed capil- 
lary tubes. It can be kept at refrigerator tempera- 
ture for several months without deterioration. An 
equally effective vaccine prepared in embvj’onaled 
hen’s eggs (Smallpox Vaccine, Arianized) is less 
likely to be contaminated with bacteria and should 
eventually replace the standard calf-ljTnph vaccine. 
An ideal preparation, particularly for underdevel- 
oped areas of the world, would be one that could 
be lyophilized and stored for prolonged periods 
Without refrigeration. 

Vaccination is usually performed in the United 
States by the multiple-pressure method, ^\'hen tliis 
is properly done, the inoculation site Is bloodless 
and confined to an area 1 to 2 mm in diameter. 
Ideally, vaccination should be carried out initially 
at four to sLx months of age and should be rqxratcd 
on entering school and at 5- to 10-ycar intcrx-als 
thereafter, or at any time that cxposxire to small- 
pox is suspected. 

Three types of reaction to vaccination are distin- 


ciiAP. 104 lies 
guishable, depending on the degree of host suscep- 
tibility'. A primary reaction, or take, occurs in pre- 
viously iinvaccinated individuals or when the level 
of immunity’ is low. It is characterized by the ap- 
pearance of an ery’thematous papule at the local site 
3 to 5 days after inoculation. The papule enlarges 
into a multijoculated vesicle, which pustulates on 
about the ninth day. Constitutional symptoms of 
fever, malaise, and irritability, as well as local pain 
and itching, are common at this time, particularK 
in children. The pustule hardens and dries, and 
a crust is formed, which usually separates at the 
end of the third week, leaving a rough pitted scar 

Partially immune individuals exhibit an acceler- 
ated (caccinoid) reaction consisting of a less promi- 
nent and more rapidly evolving lesion. An immune 
reaction reaches its peak in 2 or 3 day's and never 
progresses beyond the stage of erytJiema and pap- 
ule. Failure to develop any lesion at all after vac- 
cination is not indication of immunity and calls for 
revaccination with a fresh batch of vaccine. 

Complications. A variety of uptoward reactions 
can occur following vaccination. Groups of satellite 
lesions may surround the original inocubtion site, 
usually as a result of scratching or careless applica- 
tion of vaccine. Accidental auiofaccinatlon of dis- 
tant areas may occur from an early primary lesion, 
a particular hazard being conjunctival infection 
Vaccination sites can undergo secondary bactcn,al 
Infection. Tetanus and syphilis were at one time 
hazards of vaccination but are now almost com 
pletely unknown. A false positive serologic test for 
syphilis, which may persist for several months, 
sometimes follows vaccination. 

It is likely tliat vaccinia virus enters the blood 
stream after any primary "take.” However, it is only 
under unusual circumstances that this results in 
genemlized infection. A transient morbilliform rash 
{roseola oacciiiafum) is occasionally seen 1 to 2 
w’ecks after vaccination; tin's probably represents 
abortiv’c disseminated vaccinia. Urticarial rashes 
which may appear at this time have been attributcrl 
to allergy to nonviral protein in the vaccine. A more 
serious, although uncommon, complication is gen- 
eralized vaccinia, or Kaposi’s varicclliform eruption. 
This disorder has been described for the most part 
ill infants and y'oung children but in rare instances 
has been seen in adulu. Unfortunate confusion has 
arisen from the application of this eponym to the 
disseminated dermal infections produced by herpes 
simplex vims in children (see p. 1170). Tlie skin 
lesions of generalized vaccinia are thin-wallcd, 
licmorrliagic bullae that are superficial and heal 
without scarring. The disease is associated with 
fever, prostration, and high mortality. More than 
90 per cent of cases of generalized vaccinia have 
occurred in children with preexisting skin diseases 
such as eczema or impetigo. Tlie virus is often tnins- 
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mittecl acciclcntally from a recently \’acdnat«l 
sibling. Therefore, diildren with chronic sLin dis- 
ease should be guarded from contact with vaccinia 
virus. An eiceedingly rare but often fatal impli- 
cation of vaccination is chronic gangrenous vaccinia 
(vaccinia gangrenosa) uhich occurs in children 
with impaired mechanisms of antibody formation, 
such as agammaglobulinemia. In this disorder nec- 
rotizing and pustular lesions extend from the 
original site of vaccination and continue to develop 
over a period of vveebs or monllis. Vaccination dur- 
ing pregnancy sometimes results in cmigcnilal vac- 
cinia and is possibly associated with an increased 
incidence of abortions. 

Other extremely rare complications of smallpox 
vaccination that have been reported are pericarditis, 
ortbitts, osteomyelitis, tVirombocytopenic putpum, 
and the Guillain-Darrd syndrome. 

The exact incidence of postooccinflf encephaUlis 
is unknown but is variously estimated at one ease 
in 5,000 to 100,000 vaccinations. The mean incu- 
bation period is 10 to 12 days, with a range of 1 
to 28 days The disease starts abruptly, with high 
fever, headache, vomiting, and confusion. The neu- 
rologic manifestations of postvaccinal encephalitis 
may be limited to transient dizziness, imlabili^'. 
and ataxia, but disoncnlation, aphasia, delinum. 
convulsions, stupor, and coma are seen in severe 
cases. Nuchal rigidity is common, and the cerebro- 
spinal fluid usually sliows a moderate increase m 
mononuclear cells and protein. The mortality rate 
IS about 40 per cent, but patients who recover are 
usually free of sequelae. Because the characteristic 
pathologic process is demyelmizatioii, the sobriquet 
of "allergic" encephalitis has been applied to llus 
disease This complication is rare in infants, making 
It advisable to vaccinate all children before the age 
of one year. 

Treatment. No treatment is available for viral 
complications of vaccinia other than the use of 
human yglobuhii in chronic gangrenous Vaccinia- 
Secondary bacterial infections should be treated 
with appropriate antibiotics. Loose, dry dressings 
covenng the vaccination site will reduce the num- 
ber of suppurative complications more effectively 
than impregnated occlusive bandages. 

COWPOX 

Cowpox IS an endemic disease of cattle which is 
transmitted to man by contact witli infected cows. 
Human disease is characterized by the appearance 
of single or multiple papules on ^e hand or other 
exposed skin areas Tliese gradually enlarge into 
firm nodules which evoh'e into deep-se-ated vesicles 
and pustules. Inflammation and brawny edema in 
die surrounding tissues are frequent and painful. 
..Lymphangitis and enlargement of the Ij-mph nodes 


draining the infected are.a are also common The 
disease is sometimes accompanied by fever and a 
generalized vesicular rash which he.als without 
scarring. The local lesion is likely to ulcerate and 
drain purulent material for a month or longer. 
Serious complic.ations such as enccplialitis are ex- 
ceedingly rare. 
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]QK CIIICKENPOX (Vancolfa) 

Robert R. Wagner 

Definition. Chickenpox is a highly contagious 
viral disease characterized by a vesicular rash. 
Chickenpox and herpes zoster (see p. 1168) are 
caused by the same virus and can be considered 
as two phases of n single disease. 

Etiology. Varicella virus has been successfully 
cultivated in the kxhoratory only in cells of primate 
origin. Virus is not rcle.ised by the cells and can 
be transmitted serially in tissue culture only by pas- 
sage of infected cells In tissue culture the vims 
spreads to contiguous cells which fuse and form a 
synmtium of multinuclcated giant cells. Each nvi- 
deus in an infected giant cell cont.iins a largo 
eosinophilic inclusion body, a microscopic finding 
which characterizes all lesions caused by active in- 
fection with this vims. There is only one antigenic 
type of varicella virus, and this is indistinguishable 
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from the virus that causes herpes zoster. The bino- 
mial designation Herpesvirus variceUoo has been 
suggested for the varicella-zoster virus because of 
its biologic and physical similarity to herpes sim- 
plex virus. 

Epidemiology. The disease can be contracted 
from a patient with chickenpox or herpes zoster. 
Chickenpox is transmitted by the respiratory route 
and is almost as highly contagious as measles. In 
common with other respiratory exanthematous dis- 
eases, epidemics of chickenpox usually recur in the 
late svinter and early spring at intervals of 2 to 4 
years. The disease occurs predominantly in school 
and preschool children, hut sharp outbreaks have 
been reported in military installations. Authorities 
disagree on whether inapparent infections occur, 
but it would be surprising if they did not in view 
of the frequency witli which very mild cases arc 
recognized. 

Manifestations. Chickenpox in children is ordi- 
narily a mild illness. An incuhalion period of 14 to 
16 days is regularly obser\-ed, although a range of 
0 to 23 days has been reported. Mild prodromal 
sj-mptoms such as fc\er, malaise, anorexia, head- 
ache, and myalgia may be present for 2 or 3 days. 
Children sometimes complain of severe abdominal 
pain at the onset of chickenpox, Nvhich may lead to 
an erroneous diagnosis of appendicitis. However, 
in most instances, the initial evidence of illness is 
rash. High fever, ses'cre myalgia, prostration, and 
occasionally delirium and stupor can occur in adults 
when the eruption is at its height A macular and 
erythematous prodromal rash occasionally precedes 
the true exanthem. 

The eruption of chickenpox begins on the upper 
trunk as small macules and papules, which vesicu- 
late almost immediately. The vesicles arc superficial 
and thin walled, contain clear fluid, and are sur- 
rounded by a broad zone of erythema. Pruritus is 
often intense. Slight pressure causes some of the 
lesions to rupture, but the majority become pustular 
and encrusted within 48 hr. Crops of vesicks con- 
tinue to appear for 2 to 5 days, producing the char- 
acteristic finding of lesions in different stages of 
development. The rash is most extensive on llie 
trunk, with relatively few lesions on the face and 
extremities; the scalp is usually involved. Occa- 
sionally, the lesions ate extensrie, confluent, um- 
bihcated, hemorrhagic, or even gangrenous, mak- 
ing differentiation from smallpox by inspection 
alone difficult. The skin lesions heal rapidly rvith- 
out scarring, unless secondarily infected with bac- 
teria. 

Small superficial ulcers and vesicles on an ery- 
thematous base are frequent on the mucous mem- 
branes of the mouth and genitalia. Involvement 
the laiy nx and trachea is rare. Lesions of the con- 
junctiva and coniea sometimes lead to scarring and 


impaired vision. Iritis is uncommon. Mild IjTnphad- 
cnopathy is frequent; swelling of the suboccipital 
and posterior cervical nodes is striking when scalp 
involvement is extensive. 

Complications. Seeondartj bacterial infections of 
the skin and scalp are common. Bacterial infections 
of the respiratory tract usually occur in children 
after subsidence of fever and the acute stage of the 
exanthem. Although fewer than 1 per cent of pa- 
tients develop bacterial pneumonia, the incidence 
of suppurative broncliitis is somewhat higher. 

Primary varicella pneumonia, predominantly a 
disease of adults, is being recognized unth increas 
ing frequency. Invasion of the lungs by the virus 
produces an interstitial pneumonia characterized by 
edcnia and necrosis of alveolar walls, hemorrhage, 
perivasculitis, and a mononuclear inflammatory re- 
sponse. Typical intranuclear inclusion bodies have 
been described in macrophages and in alveolar and 
pleural cells. Pulmonary lesions are more likely to 
occur in patients with extensive or hemorrhagic 
eruptions- The onset of poeuroonitis is usually 
abrupt, with air hunger, tachypnea, and cyanosis 
developing soon after the appearance of rash. Dry, 
hacking cough is frequent, and about one-third of 
the patients produce sputum streaked with blood 
Chest p-nin occurs in half the cases ond is often 
pleuritic. Examination of the lungs is entirely nega- 
tive or reveak only scattered fine rales or rhonchi 
The temperature is moderately elevated or normal, 
but the pulse rate is invariably rapid. Artenal hy- 
potension or failure of the nght heart may super- 
vene. X-ray of the chest rei’eals fine miliary or nod- 
ular densities diffusely distributed throughout the 
lungs. The duration and course of the disease are 
extremely variable, most patients improve markedly 
within 72 hr, but in a few patients, respiratory in- 
sufficiency and roentgenographic changes persist 
for weeks. The mortality rate in recognized cases 
of varicella pneumonia has been less than 15 per 
cent. 

Chickenpox mcningoenccphnlifis is primarily a 
disease of children that resembles measles encepha- 
litis It usually appears on about the fourth day, 
but the time of onset vanes from the first to the 
Uventy-fiist day. Headache, vomiting, convulsions, 
and stupor often occur with dramatic suddenness, 
but the temperature rarely rises above 104®F and 
is frequently normal. Ataxia and other signs of cere- 
bellar disease are often conspicuous. Meningismus, 
cranial nerve palsies, spastic or flaccid paralyses, 
and hemiplegia may also be present. The mortality 
rale is approximately 5 per cent; permanent paraly- 
sis, ataxia, and mental retardation occur in 15 per 
cent of surviving cases. 

Other viral complications that have been de- 
scribed am mj’ocarditis, pericarditis, orchitis, and 
tfuombocytopcnic purpura. Chickenpox in preg- 
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nancy may result in mild infection of the newborn 
infant or intrauteiine death. Typical herpes zoster 
(see below) occasionally occurs in individuals eJt- 
posed to chichenpox, and both diseases may bo 
present simultaneously in the same patient. 

Laboratory Findings. Fluid aspirated from the 
vesicles often contains multinucleated giant cells 
and epithelial cells with eosinophilic intranuclear 
inclusion bodies. Although virus isolation and sero- 
logic techniques have been de\’ised, these proco- 
durcs are not sufficiently standardized for routine 
use. The blood leukocyte count in all forms of 
chickenpox is normal or slightly elevated unless 
secondary bacterial infection supervenes. The cere- 
brospinal fluid m the encephalitic form of the dis- 
ease may be normal or may contain up to 3,000 
cells per cu mm, most of tlvem monooucleat. 

Differential Diagnosis. Chickenpox Is readily rec- 
ognizable in the vast majority of cases by the his- 
tory of exposure and the clinical picture. Confusion 
with smallpox arises, particularly in adults, if Uic 
eruption is widespread and hemorrhagic. Primary 
herpes simplex infection of the skin (see p. 1168) 
and generalised vaccinia (see p. 1105) often pro- 
duce recurrent crops of varicelliform lesions; diag- 
nosis of these diseases depends on a history of pre- 
existing eczema and isolation of the specific virus. 
Jllekcttsialpox can usually be differentiated from 
chickenpox by the characteristic primary eschar, 
severe hendaclie, and specific eomplemcnt-Exjng 
antibody response (seep. 1101) 

Treatment. None of the chemotherapeutic agents 
is effective in chickenpox or its v'iral complications 
Local application of calamine lotion or systemic 
administration of antihistamines is helpful for pru- 
ntus Secondary bacterial infections of the skm and 
respiratory tract should be treated with appropriate 
antibiotics The use of cortisone or ACTH is prob- 
ably warr.inted in the treatment of varicella pneu- 
monia and encephaL'tis, although adequate clinical 
trials have not yet been reported. However, fatal 
disseminated varicella has developed in children 
lieing treated with cortisone for other disorders. 
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HERPES ZOSTER 

Lewis L. Cofiell 


Definition. Herpes zoster, also called shingles of 
zona, is an acute infectious disease of man. It is 
caused by a virus and characterized by unilateral, 
segmental inflammation of llie posterior root gan- 
glions or extramedullary ganglions of cranial nerves 
and by a painful vesicular eruption of the skin 
along the pexvphexal disftibwtwMv of the mvolved 
nerve. 

History, The disease was called zona (a girdle) 
by ibe Creeks, because of the bandlike distribution 
of die eruption about the trunk. Bokay (1888) 
suggested a possible eliologic relationship between 
zoster and varicella, and Lipschulz (1921) defined 
the specific histopathoJogy of the skin lesions. Suc- 
cessful transfer by inoculation of vesicle fluid into 
human subjects was first reporteti by Kundratitz 
(1925). Serial cultivation of the virus in tissue cul- 
ture of human fibroblasts (1953) permitted Weller 
to show the serologic identity of vims from varicella 
and herpes zoster. 

Etiology. The virus of herpes zoster is a rela- 
tively large virus (204 by 240 /i). It is strictly a 
p.irasite of man Electron micrographs of vesicle 
fluid have shown the virus to be similar in size and 
shape to the virus of varicella. The virus may be 
plentiful in early vesicles but is typically scanty 
after 24 hr. Zoster is considered to be a reactiva- 
tion of a latent varicella virus in a partially immune 
individual — although the mechanism is not clear 

Epidemiology. Infection is rare in children but 
increases in frequency, seventy, and duration with 
adv-andng age. It occurs at alJ seasons of the year 
and is slightly more frequent in males than in fe- 
males. In the United States the majority of, but 
not all, patients with herpes zoster give a history 
of a previous attack of varicella m childhood. Epi- 
demics have occurred in schools and barracks but 
are not common. Outbreaks of herpes zoster have 
occurred in contacts of a patient with varicella, and 
vice versa, Tlie grouping of these secondary infec- 
Uons suggests that zoster is infectious only during 
the first 2 or 3 days after appearance of tlie erup- 
tion. Secondary zoster following trauma such ks 
spinal puncture, administration of arsenic or bis- 
muth, spinal cord tumor, tabes, and lymphatic leu- 
kemia hav% suggested the possibility that the virus 
may remain dormant in Uie tissues over long pe- 
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riods of lime. The disease is more common in per- 
sons who are overworked or ill. The viruses of 
herpes zoster and \’aricena are closely related, if 
not idenb’cal, and the various clinical manifesta- 
tions can best be explained by postulating one vi- 
rus which causes different diseases in the suscepti- 
ble and the partially immune subject. 

Pathogenesis, ^^^^ethe^ the virus enters the skin 
and travels up the sensory nerve or extends periph- 
erally is pmely a matter for conjecture at the pres- 
ent time. The virus has been demonstrated only 
in the skin lesions, although an Inflammatory reac- 
tion is a constant finding in the segmental nen.'e, 
its sensor)' ganglion, and the posterior horn of the 
spinal column (posterior poliomyelitis). The re- 
gional l)Tnph nodes show an acute inflammatory 
reaction. The anterior horn, the meninges, and the 
brain may be involved. The histologic central nerv- 
ous system lesions are infiltration \vith small round 
cells, hemorrhage, destruction of ganglionic nerve 
cells, and secondary gliosis. 

The skin vesicle is confined to the epidermis, 
while the corium is congested and infiltrated with 
infiammatory cells. In the margin of the vesicle ate 
epithelial cells undergoing balloon degeneration, 
some of which contain eosinophilic intranuclear in- 
clusion bodies which displace the basichromatin to 
the periphery of the enlarged nucleus. Multinu- 
cleated giant cells may be present, each nucleus 
containing an inclusion body. Within 2 or 3 da)’$, 
InSammaloty cells fill the vesicle, and healing pro- 
gresses from below, frequently svith slight scarring. 

Manifestations. The incubation period varies 
from 7 to 21 days. A preeruplive and posfetuplive 
stage are distinguished. The preeruptive stage con- 
sists of fever and constitutional S)Tnptoms, with 
pain, paresthesias, or hyperesthesia over the seg- 
mental distribution of the involved ner\'e for 2 to 
4 days. FoUmving this, an erythematous dermatitis 
appears which quickly becomes papular and vesicu- 
lates, with large or small grouped vesicles on an 
erythematous base. The vesicles, at first clear, be- 
come cloudy within 2 to 3 days, then crust and di)' 
after 5 to 10 days. The emption may appear first 
near the spinal column, %vith successive crops over 
the distal distribution of the ners'c. The pain and 
the vesicular band, following radicular lines, run 
transversely around the trunk and vertically over 
the arm and leg. The lesions are almost always 
unilateral. Headache and meningismus are not un- 
common. Pain is frequently slight or absent in 
young children but may be intense and not com- 
pletely controlled by analgesic drugs in adults. It 
IS variously described as aching, soreness, burning, 
gnawing, shooting, stabbing, or neuralgic. 

The regional lymph nodes are enlarged and 
tender. Secondary bacterial infection of the lup- 
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tured vesicles is common. Over 75 per cent of cases 
occur between the second dorsal and second lum- 
bar vertebras and rarely below the elbow or knee. 
Involvement of the fifth cranial nerve is next in 
frequency, and in 50 per cent the globe of the eye 
Is affected. MTien the nasociliary branch of the 
Gasserian ganglion is involved, the cornea, sclera, 
or aliary body may be permanently damaged; the 
first branch of the fifth ner\'e is affected more fre- 
quently than the second or third. Disease of the 
geniculate ganglion may lead to zoster of the «m- 
cha of the ear or the external auditory canal, the 
soft palate, and loss of taste (Hunt's syndrome), 
this is often accompanied by paralysis of the se\’- 
enth nerve. Paralysis is not uncommon in cephalic 
and cem'cal zoster but is rare in zoster of the trunk, 
only 44 cases having been reported up to 19-43 
Second attacks are exceedingly rare and should 
suggest an alternate diagnosis of localized herpes 
simplex. In some patients, a generalized vesicular 
eruption simulating varicella appears shortly after 
the appearance of the localized lesion (zoster gen- 
eralisata). 

The total course of the disease from onset to 
complete recovery is 10 days to 5 weeks. Burgoon 
obser\’ed that in the age group up to mneteen 
years, 90 per cent cleared \Wthm 14 days, while 
in the forty- to fift)’-nine-year age group, only 45 
per cent cleared in this interv-al If the >’esicles all 
appeared within 24 hr, the total illness was short, 
and If crops of vesicles appeared up to 7 days, then 
the total duration was progressively longer. 

A serious complication is the syndrome of post- 
herpetic neuralgia, which is limited to the aged 
with arteriosclerosis. It usually invoh’es only the 
trunk or the ophthalmic division of the trigeminal 
nerve. Frequently there is an interv’al between the 
acute phase and full unfolding of severe pain, 
which may be described in various %vays by indi- 
vidual patients but is of such persistence and in- 
tensity that the patient cannot rest or sleep. Pam 
may persist for weeks or montlrs. 

Laboratory Findings. The fluid from unruptured 
vesicles is sterile bacteriologically. The cerebro- 
spinal fluid is abnormal in 40 per cent of cases; 
pressure may be increased, and a pleocyicsis of up 
to 300 mononuclear cells has been observed. 

Differential Diagnosis. In the preeruptive stage, 
the diagnosis is difficult, and the disease is usu:illy 
confused with many other more common causes of 
pain, such as pleurisy, appendicitis, "lumbago,” 
pleurodynia, or collapsed intervertebral disk. After 
the unilateral eruption appears, the clinical features 
are so characteristic that diagnosis is simple. Occa- 
sionally, locaLzed herpes simplex along the distri- 
bution of a segmental nerve may simulate zoster, 
indudtng the localized pain and tenderness. Herpes 
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simplex infectiorj can be conErmed in the labora* 
tory (see p. 1170). 

Treatment. Treatment is directed at Increasing 
the patient's comCort and pre\enting secondary in- 
fection. The average case of herpes zoster is self- 
limited and presents no serious complications. Hie 
hvo unsolved problems are the syndrome of post- 
herpetic neuralgia and opluhalmie zoster. In the 
acute phase, pain is usually controlled by aspirin 
and codeine, combined with mild sedation; local 
anesthetic ointments arc not very effective. A pet- 
rolatum gauze pad bandage to prevent painful 
trauma bj clothing ma)- be helpful. The skin le- 
sions aie adequately managed with applications of 
calamine lotion in most cases. Appiication of adhe- 
sice tape strapping for the preerttplive pain of 
herpes roster should be flcoided, as ft ufll lead to 
extensive lass of cpiderrt\is upon removal of the 
tape. Antibiotics have no effect on the varus but 
may be indicated to control secondary infection, 
particularly m ophtlialmic zoster or severe spinal 
involvement with secondary infection. In ophthal- 
mic invoh’emcnt both oral and local antibiotics 
have been recommended, but the choice of anti- 
biotic in this serious complication should be guided 
by bacteria! cultures and sensitivity tests. Local 
treatment of lesions of the globe of the c>c should 
be supervised by an ophthalmologist, and early re- 
lief of pain and inflammation follows the use of 
cortisone and corticotropin in these cases Trans- 
fusions of whole blood from persons vvho have re- 
cently recovered from herpes zoster has been aban- 
doned in most clinics. In this self-Lmited disease 
therapeutic regimens based on a small number of 
observations are apt to be unreliable. 

Severe postherpetic pain may be resistant to all 
types of management. One theoiy advanced to ex- 
plain this IS the activation of self-contained pain 
circuits in and above the thalamus The following 
procedures arc based on the supposition that the 
defect IS central, injection of dorsal root ganglion 
with alcohol or irradiation witli x-ray, dorsal rhizot- 
omy, cordotomy, and lobotomy. On the theory of 
peripheral nerve abnormality are based vitamin D 
therapy, procainization or excision of skin, surgical 
pituitnn, paravertebral block, intravenous tetra- 
cthylammonium chloride, and sympathetic ganglion- 
ectomy. Other empirical procedures which have 
also been helpful in certain cases include autohe- 
molhcrapy, sodium iodide, moccasin venom, and 
Protamide. The multiplicity of recommended pro- 
cedures is eloquent evidence that none is enUrcIy 
satisfactory. 

Prognosis. It is very unusual for serious compli- 
cations to follow inflammation of tlie spinal gan- 
glions. Partial paralysis of the third, fourth, sixth, 
and seventh cranial nerves, or hypestbesia, iik^ 

ersist for some time. SigniBcant impairment of 


vision occurs in a high percentage of eases of zoster 

oplithalmiciis. 
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IQJ HERPES SIMPLEX 

* Lewis L. Coriell 

Definition. Herpes simplex is an infectious dis- 
ease, caused by a virus. Classically, it appears in 
recurrent attacks as clusters of grouped vesicles on 
an erytliemalnus base, having a predilection for the 
face, lips, and mucocutaneous junctions. The initial 
infection m some individuals may be serious or 
even fatal. Infection of the central nervous system, 
the eye, the skm in eczematous patients, the V’is- 
cera. or tlie mouth and tliroat in gingivostomatitis 
are the common forms of “primary” herpes simplex 

History, Gruter, in 1914, first transferred infec- 
tion from the cximea of a patient to the cornea of a 
rabbit and. subsequently, hack to the cornea of a 
blind man, reproducing a typical dendritic ulcera- 
tion of the cornea. In 1038 Dodd, Buddmgh, and 
Johnston isolated herpes simplex virus from the 
mouths of children suffering vvitli febrile ulcerative 
stomatitis (acute herpetic gingivostomatitis). 

Etiology. The virus of herpes simplex passes 
ordinary- bacterial fillers quite readily and measures 
125 to 150 m/i in diameter. It is present m early 
vesicles. It may be propagated on the cornea or 
in the brain of several laboratory animals, on the 
diorioallantoic membrane of embryonated eggs, or 
io tissue culture. 

Epidemiology. Tlie serums of most adults (70 
to 90 per cent) contain neutralizing antibodies 
against herpes simplex; many of these individuals 
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experience recurrent manifestations of disease un- 
der suitable stimuli. Fe\er, uhether due to infec- 
tious diseases or artificially induced ("fe\’er blis- 
ter”), and the common cold (“cold sore”) are prob- 
ably the most frequent precipitants of recurrent 
herpes, while emotional disturbance, physical fa- 
tigue, sunburn, menstruation, and food allergy ate 
a few of the less common incitants. The varus re- 
mains latent in the tissues between attacks but is 
sufficiently active to stimulate antibody production. 
Virus has frequently been found in the saliva when 
there was no clinical cridence of disease. Adults 
who have never been infected may contract a pri- 
mary infection, if suitably exposed. Full-term new- 
born infants are immune by virtue of transplacental 
transfer of antibodies, u’hich they gradually lose 
after the first few months of life. However, by the 
fifth year, the percentage of children with specific 
neutralizing antibodies approaches that observed in 
adults, indicating a high infection rate during in- 
fancy. The clinical sjmdromes recognized as pri- 
mary infection in this age group account for only 
15 per cent of serologic infections. Herpes simplex 
has evolved an unusually successful hoshparasite 
relationship with man. Most indbaduals harbor the 
virus from infancy to old age svith little inconven- 
ience to themselves, and even the primary contact 
in infancy is usually not accompanied by manifest 
clinical disease. 

Pathogenesis. It is probable that during latent 
periods the virus lives within the cells, since the 
body fluids contain sufficient neutralizing antibody 
to inactivate the virus. The various precipitating 
factors which induce recurrent disease may have 
a common denominator in altered physiolo^' of the 
host cell which permits the virus to multiply, but 
little specific information is available on this point. 
Skin biopsies taken during the early vesicular stage 
show congestion of the dermis, with swelling and 
ballooning degeneration of prickle cells of the epi- 
dermis. In some of these, the nuclear basichromatin 
is collected at the periphery, and the entire central 
area of the enlarged nucleus is filled with a ho- 
mogeneous mass which at first stains blue and later 
red with liematoxylin and eosin. This Is the t)pc 
A inclusion body, found wherever there is active 
herpes simplex infection. MuUmuclcated giant 
cells, with each nucleus containing an inclusion 
body, are frequently seen in biopsies of infected 
human skin. 

Tlie intraepidermal vesicle does not extend below 
the basement membrane and hence does not cause 
scarring, although depigmenlation may persist for 
some time in dark-skinned people. In the healing 
phase, tlie vesicle and corium arc densely infil- 
trated with inflammatory cells. 

.Manifestations. Rccurrait herpes simplex is a 
circumscribed eruption, consisting of closely 
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^uuped. thin-walled vesicles on an erythematous 
base, which lends to recur repeatedly in the same 
area of the skin, particularly at mucocutaneous 
junctions. It begins as a mild itching or burning; 
lesions appear which rapidly become papular and 
vesiculate, and then pass successively through 
crusting, scab formation, and desiccation, the whole 
process taking 3 to 14 days. It is t\-pically accom- 
panied by no fever, regional IjTnphadenopalhy, or 
other si^s of systemic illness. The disease is self- 
limited and is commonly identified willi its ana- 
tomic location — herpes facialis, labiah's, nasalis, 
progenitalis, or vulvovaginalis. 

Herpetic keraloconlunctivitls is characterized 
usually by swelling and congestion of the conjunc- 
tiva, with superficial opacities in the cornea and a 
palpable preauricular lympli node. Bacteria! cul- 
tures are sterile; hypesthesia is a prominent sign. 
The presence of typical herpetic vesicles on the 
eyelids may aid in the diagnosis; howev er, the re- 
current attacks are frequently confined to the cornea 
in the form of dendritic ulcers or, less often, as 
punctate, marginate, or diseoform ulcers The cor- 
neal ulcerations may persist for several weeks and 
respond poorly to local therapy; they ore super- 
fidal, but the occunencc of repeated attacks poses 
a threat to vision. 

Traumatic herpes designates those cases where 
the primary infection occurs at the site of a skin 
abrasion on the hand, elbow, finger, or other skin 
area not commonly associated with the disease. Re- 
peated lecunences have been observed at the same 
site over a period of many years. 

Acute herpetic gingiucstomotitis is the common- 
est form of primary infection and is seen most fre- 
quently in children one to four years of age, less 
often in adults. It is characterized by gradual or 
sudden onset with fever, malaise, sore mouth and 
throat, and e.xtreme irritability, sometimes altem.it- 
ing with lethargy. The temperature may reach 
1W®F, but is usually 101 to I03*F. Pli\-sical ex- 
amination reveals multiple painful shallow aph- 
thous ulcers on a red base scattered over the buccal 
mucous membranes, tongue, and oropharjm. Tlic 
gums arc swollen, bleed easily on manipulation, 
and are l}'pically most inflamed at the gingival mar- 
gin. The regional I)Tnph nodes are large and tender. 
Fever and pain usuaUj’ persist for 6 to 8 daj'S, fol- 
lowed by gradual healing of the ulcers during the 
foDovving week. Tlie ulcers may bo confined to, or 
appear first in, the pharyitt (herpetic pharjogitis), 
and in such cases the diagnosis is commonly missed. 

Eczema hcrpcticum (Kaposi's varicclli/onn erup- 
tion) is a rarer manifestation of primary infection 
which occurs in persons witli eczema or neurodcr- 
matitis. Large areas of abnormal skin are involved, 
the grouped vesicles usu.nlly appearing in crops over 
a period of several dav-s, hence the simOarit)' to 
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varicella. The temperature reacli 106“F, and 
marked prostration is not uncommon. TJic fever 
subsides during tho second ueek, coincident with 
the crusting and liealing of liie skin lesions. 

MeningoencephnViUs was formerly thought to be 
a rare form of primary herpes m man, but comple- 
ment liYation tests indicate that 5 to 7 per cent of 
C. 1 SCS of aseptic meningitis may be due to this virus. 
It is accompanied by fever, headache, gastrointes* 
tin.al symptoms, and signs of meningeal irritation 
and encephalitis. 

In addition to the syndromes described above, 
herpes simples has been knosvn to occur in seg- 
mental nerve distribution simulating herpes zoster. 
The occurrence of repealed attacks in the same 
area is diagnostic. 

Visceral disease, characterized by fulminating 
generalized infection with fever, viremla, .and ne- 
crotic lesions in the liver and other viscera, and 
frequently terminating in death, has been recently 
recognized as a clinical entity in newborn infants. 
Skin lesions are not present In all infants. Most 
cases have been in premature infants, or when the 
mother was undergoing a primary herpetic Infec- 
tion herself. In several cases tlic mother was known 
to has’e had repeated herpes vulvovaginitis, and 
presumably the infant was infected in traversing 
the birth canal 

Laboratory Findings. The total leukocyte count 
is usually normal or only slightly increased, svith a 
normal differential index The diagnosis can be 
confirmed m the laboratory by (1) isolation and 
identification of the virus, (2) demonstration of 
typical eosinophilic mtranuclear inclusions in tissue 
sections or vesicle fluid, or (8) in primary infec- 
tions, a rising titer of specific neutralizing anti- 
bodies. The acute phase serum should be collected 
before the fifth day of illness, as antibodies appear 
early. In central nervous system infection, the spin.-J 
fluid pressure and protein are slightly increased, 
and a pleocytosis up to 500 cells is observed, with 
many polymorphonuclear leukocytes early, chang- 
ing later to mononuclears. 

Differential Diagnosis. The history and chnical 
appearance of the recurrent skin and eye manifesta- 
tions are usually suIEclent to cstabLsh the diagnosis. 

The laboratory tests enumerated above are con- 
firmatory in doubtful cases and are essential for 
absolute diagnosis in the primary manifestations 
TJie condition is often confused with Vmcents 
angina, or trench mouth, which responds di&mati- 
cally to parenteral penicillin. Recurrent sohloiy 
aphthous ulcers in the mouth are not caused by 
herpes simplex. 

In herpangina. caused by group A Cmaackie 
\irus, the vesicles are confined to the posterior part 
of the moutl), and the disease occurs in epidemics. 
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Large bullae, recurrent attacks, and normal Ijinph 
nodes are seen in erythema multiformo. 

Eczema hcrpcticum may be easily confused with 
secondary bacterial infection of eczema. Extensile 
w'eeping and crusting may obscure tho grouped 
vcsicidar nature of the lesion before the crusts arc 
removed with wet dressings. Eczema vaccinatum 
(generalized vaccini.x) usually presents larger vesi- 
cles with B central indentation, but this character- 
istic is not constant. Herpetic meningoencephalitis 
must be differentiated from bacterial and \iral en- 
ccphalitides, particularly enterovirus encephalitis, 
poliomyelitis, l)'mphocytic choriomeningitis, and 
postinfectious encephalitis. 

Treatment. No specific treatment is available. 
Repeated vaccination with calf lymph vaccinia 
virus is cuirently in 'oguc, but the apparent suc- 
cesses can probably be explained by coincidence. 
Laboratory studies reveal no cross protection or 
interference between these two viruses It is de- 
sirable to have the local treatment of eye lesions 
supervised by an ophllialmologisl. Adrenal steroid* 
arc strictly contraindicated rn corneal infections 
with herpes simplex virus because of the possibility 
of perforation of the globe. 

Penicillin and oilier antibiotics may be helpful m 
controlling secondary bacterial infection. In acute 
gingivostomatitis, the maintenance of adequate hy- 
dration and nutrition are aided by the local ap- 
plication, before meals, of 1 per cent Pontocaine. A 
detergent mouthwash such as 1.1,000 Zephiran 
helps to mamtam oral hygiene and inhibit bacterial 
proliferation. In eczema herpetlcum and visceral 
disease, supportive therapy, fluid replacement, 
blood transfusions, and appropriate antibacterial 
measures are indicated Convalescent serum and y- 
globulin have not been beneficial. 

Prognosis. Except for complications following in- 
fection of tJjc cornea, recurrent herpes has lu'gh 
nuisance value but few sequelae. The primary 
manifestations run a self-limited course except for 
meningoencephalitis and visceral disease, which 
are sometimes fatal, and eczema herpcticum, in 
whidi the mortality rate may be 20 per cent. 
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lOQ \nNOR VIRAL DISEASES 
1^0 OF THE SKIN AND 
MUCOSAL SURFACES 
Robert R. Wogner 

HEBPANGINA 

This is a benign infectious disease characterized 
by sudden onset, fex'er, sore throat, and oropharyn- 
geal vesicles. Almost all epidemics of herpangina 
occur in the summer and can be traced to infection 
with Coxsackie A viruses (see p. 1130), but similar 
disorders are probably caused by Co.xsackie B and 
ECHO viruses. Chil^en under four years of age 
are most susceptible, but the disease has affected 
older children and young adults. The incubation 
period is usually 4 days, varying from 2 to 9 days. 
Prodromal symptoms are uncommon, and the onset 
is usually abrupt, \vith a temperature of 100 to 
105®F. Anore?ua, vomiting, abdominal pain, and 
diarrhea may be present. The most frequent com- 
plaint is sore throat, often accompanied by dys- 
phagia and salivation. Other respiratory’ sj'mploms 
are conspicuously absent, and headache and myal- 
gia are rare. The only noteworthy physical findings 
are diffuse pharyngeal injection without exudate 
and the presence of 2 to 20 small vesides on the 
anterior faucial pillars, soft palate, uvula, phaiyTix, 
and, rarely, on the tongue, mouth, or tonsils. The 
lesions measure 1 to 2 mm and are grayish xvhite, 
surrounded by a bright red areola. They gradually 
enlarge to 3 to 4 mm and rupture, leaving clean, 
superficial ulcers. Typical vesides containing virus 
have also been described on the vaginal mucosa. 
The cervical lymph nodes may be sightly enlarged 
and tender. Parotitis and aseptic meningitis have 
been reported as complications in a few cases. Oro- 
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phary-ngeal lesions similar to those of herpangina 
can also occur in infections with Co.xsackie A X'lrus 
tfiat are associated with s’esicular e.\antlicms (see 

p. 1162). 

Fever persists for 1 to 4 days, and Tccotcrtj is 
always uneventful. No treatment is required oUier 
than mild local anesthetics such as butacaine 
troches. The only laboratory findings of diagnostic 
significance are demonstration of Coxsackie A 
virus in the feces or pharj’n.x and a rising antibod\ 
titer in convalescence. Differential diagnosis should 
include consideration of primary herpetic stomatitis 
caused by herpes simplex virus (p. 1170) which 
also may involve the oropharynx. However, unlike 
herpangina, infections with herpes simplex virus do 
not occur in epidemics and lesions are more com- 
mon on the gums and in the anterior part of the 
mouth. The enanthems of measles and cbickcnpox. 
aphthous stomatitis, and bacteria] phai^ngitis may 
be confused with herpangina at first, but they 
can be readily differentiated by their subsequent 
course. 

FOOT-AND-MOUTH DISEASE 

This is a highly contagious disease of cattle and 
other domestic animals, caused by the smallest virus 
laiovvn to infect animals. There is some question 
about the actual occuncncc of human infection by 
this virus. In the United States rigid quarantine 
and slaughter of infected animals have confined 
the disease to a few outbreaks near the Mexican 
border. The rare instances of probable human 
infection seem to have resulted from ingestion of 
meat or daily products or from exposure to excreta, 
hides, or entrails of sick animals. In man, the illness 
starts abruptly vvith fever, malaise, and headache 
after an incubation period of 2 to 18 days. Initially, 
there is extreme dryness of the mouth, foUowed 
shortly by excessive salivation and generalized 
pruritus. After several daj’s, large, clear vesicles 
appear in the mouth and pharynx and over the 
palms and soles Rarely, the skin is affected else- 
where. The lesions of tlie mucous membranes and 
skin are painful and soon become shallow ulcers 
that bleed easily. These heal spontaneously within 2 
to 3 weeks, le.'iving no se.ars. Tlie vims can be iso- 
lated in tissue culture, chick embryos, or guinea 
pigs. A complement fixation test is available for 
detecting specific serum antibodies in convales- 
cence. 

VESICULAR STOMATITIS 

Vesicular stomatitis is a contagious viral disease 
of horses, mules, cattle, and swine. Human infection 
occurs rarely in veterinarians, farmers, and virol- 
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ogists after an incubation period of 24 to 48 hr. In 
man, the disease is characterized by sudden onset 
with shaking chills, high fever, he.idache, and 
prostration. The fever and sjTnptoms subside com- 
pletely after 24 to 48 hr, but may recur 3 to 4 days 
later. This second phase of the disease usually lasts 
a week and is accompanied by the appearance of 
papular and s’csicular lesions in the oropbarj-nx that 
form superficial uiccrs. The cervical lymph nodes 
are often swollen and tender. The diagnosis can be 
confirmed by vinis isolation or serologic studies. 

OHF (Ecthyma Infectiosum) 

Orf is a viral disease of slicop and goats in which 
it takes the form of a benign but lingering infec- 
tion of the mouth and hps. The disease in man usu- 
ally occurs in herdsmen who contract the infection 
wlule force-feeding sick lambs. Lesions appe.ir on 
the hands or other exposed areas and consist of 
papules which rapidly vesiculate and enlarge into 
hemorrhagic bullae. Itching is frequently intense; 
tlie lesions soon rupture and become encrusted and 
umbilicated Mild regional lymphadenopathy is 
usually present, but s)’stemic manifestations are 
rare The lesions subside spontaneously within 2 to 
3 weeks unless secondarily infected. Scarring does 
not occur, and a single attack confers pcmuincnt 
immunity. The only diagnostic test Is Isolation of 
the virus by inoculation of vesicular fluid into sus- 
cepbble sheep. The appearance of the lesions and a 
history of contact with lambs should suggest the 
correct diagnosis, but orf is often confused with 
anthrax, sporotrichosis, tularemia, milkers nodules, 
inoculation tuberculosis, and various forms of con- 
tact dermatitis. 


htlLKEKS NOD\JLE5 

This IS a benign infectious disease of dairy 
farmers contracted from infected cows- It is pre- 
sumed to be of viral etiology, although the agent has 
not thus far been transmitted experimentally. The 
disease in dairy cattle is world-wide and is char- 
acterized by indolent ulcers and granulomas of the 
udder. In man, lesions appear 5 to 7 daj-s after 
milking an infected cow; they occur mainly on the 
hands, but are occasionally seen on other exposed 
aieas. The lesions are often multiple and begin as 
dark papules, which gradually enlarge into firm 
brownish-ted or purple nodules 1 to 2 cm in diam- 
eter They are rarely painful or tender and contain 
no fluid or pus A gray, depressed eschar gradually 
forms on tlie surface of a red base of granulation 
tissue, and the lesions heal slowly after several 
weeks, leaving no scar. The lymph nodes draining 
the site of infection may enlarge, but there are no 
other local or systemic manifestations. Milker's 


nodules arc often confused with cowpox, whicli is 
caused by an entirely different virus (sec p. 1106). 
No specific treatment is available or required. 

WARTS (Verrucae) 

Warts arc specific infectious lesions of the skin 
and mucous membranes caused by a virus or group 
of viruses. The chse.isc has been transmitted to 
volunteers by cutaneous inoculation of ground sus- 
pensions of warts. Virus particles and inclusion 
bodies can be seen in histologic sections e.xamined 
under tlic electron microscope. Tlie disease is only 
mildly contagious, hut minor epidemics have been 
reported. Individual susceptibility seems to vaO 
considerably with age and trauma. The lesions ate 
classified clinically by their appearance and Ioc;i- 
tion. riat iDarts are small round lesions usually 
found on the back of the hands and on the face of 
children. Filiform warts occur mostly on the face, 
eyelids, and lips of adults and have numerous small 
fingerhke projections. The common wart (vemica 
vulgaris) usiKilly appc.nrs on the hands or under the 
fingernails as multiple raised papules with rough 
homy surfaces. Plantar and palmar warts ore deep, 
painful, fiat lesions of tho soles and palms covered 
by a thick layer of comified epithelium. CondylO’ 
mata acuminata (moist warts) occur on the extcm.il 
genitalia and perianal region after sexual inter- 
course or other contact. They appear as multiple 
grapelike clusters that ore readily differentiated 
from the flat condylomata lata of secondary syphi- 
lis (see p. 1071). The disease occurs in both sexes 
but is most prevalent among young women and 
may be markedly exacerbated by pregnancy. 

All forms of warts tend to recur after removal 
Various methods of eradicab'on have been em- 
ployed, including surgery, electrodcsiccation, x-ray. 
Ireezlng with solid carbon dioxide, and .application 
of caustic chemicals such ns phenol, salicylic acid, 
or Sliver nitrate. Local application of podophyllum 
resin is effective for condylomata acuminata. 

MOLLUSCUM CONTAGIOSUM 

MoIIuscum contagiosum is a benign infectious 
disease of the skin caused by a kvrge virus of the 
pox group The natural mode of transmission is 
unknown, but the disease lias been produced m man 
by cutaneous inoculation of molluscum particles. 
Aiter an incubation period of 15 to 50 days, m- 
dividua] lesions begin as tiny papules which grad- 
ually enlarge over a penod of montlis to a size of 
1 cm or greater. The fully formed lesion is a round, 
pink, vvai^f nodule with a centrally depressed crowm 
Older lesions become pedunculated and inflamed 
but rarely c.ause pain or discomfort. The papules are 
usually multiple and occur on any portion of tlie 



VIRAL DISEASES OF THE EYE 
sl^in except the palms and soles. The only treatment 
is surgical removal; local recurrence is less frequent 
than it is W'ltli warts. 
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1 OO VIRAL INFECTIONS 
LiJiJ OF THE EYE 
Robert fi. Wanner 

The eye and its adnexal tissues may be see* 
ond.arily infected during the course of many cuta* 
neous and systemic viral diseases. Sometimes, these 
infections lead only to minor disturbances, examples 
of which ate transient toss of pupillary accommoda- 
tion in dengue, and inn.ammatory lesions of the 
ejelld and conjunctiva in chickenpox, pharjmgocon- 
Junctival fe\cr, molluscum contiglosum, and orf. 
However, serious and permanent visual disorders 
can result if the cornea is infected wnlli vmiscs 
such as herpes simplex, herpes zoster, vaccinia, 
smallpox, mumps, or Ij'mphogranulom.n venereum. 
In addition, congenital rubella is an important cause 
of cataracts and microphthalmos, and cytomegalic 
inclusion disease may involve the retina and other 
ocular tissues. 

The diseases described in this chapter are caused 
by viruses that characteristically produce localized 
e)e lesions without infecting other tissues. Al- 
though they are mainly of concern to ophthalmolo- 
gists, they sometimes enter into the differential 
diagnosis of systemic disorders that involve the eye. 
A history of exposure and awareness of variation in 
host susceptibility will aid in their recognition. 

TRACHOMA 

Trachoma is an infection of the eye caused by a 
large virus that is related to the agents of lympho' 
granuloma venereum and psittacosis. Until 1957, 
when Tang and his colleagues in China successfully 
cultivated trachoma viruses in the yolk sac of 
embryonated hen’s eggs, experimental infections 
had been produced only m man, apes, and mon- 


keys. 'Hie disease is prob.TbIy transmitted by 
fingers, fomites, and flies and is endemic in areas 
with poor sanitary conditions and low standards of 
living. After an incubation period of 5 to 7 days, 
trachoma begins insidiously or acutely witli folhc- 
ular conjunctivitis, epithelial keratitis, subepithclial 
follicles, abundant purulent discharge, swelling of 
Uie lids, and enlargement of the lacrutial glands and 
prcauricular Imph nodes. This acute stage may last 
for several weeks before giving way to a subacute 
phase th.Tt is cliaracterized by marked edema of 
tile lids, the formation of conjunctival blebs, and 
progressive corneal involvement. In the final stage 
of the disease, scarring and contractures occur, tlie 
lids frequently become everted, and the cornea is 
invxkdcd by dense fibrous tissue and blood vessels 
(pannus). Recurrent irritation, comeal ulceration, 
bcrimal dysfunction, and secondary bacterial infec- 
tion commonly lead to blindness. The diagnosis is 
most easily established in the acute stage of the 
disease by virus isolation or by demonstrating 
tj'pical inclusion bodies in smears of conjunctival 
scrapings stained with iodine or by the Giemsa 
method. Acute trachoma can be successfully treated 
with oral and local tetracyclines or chloramphenicol, 
sulfonamides and penicillin have been reported to 
be effective in some cases. However, newly isolated 
strains of trachoma virus are beginning to vary con- 
siderably in their susceptibility to antibiotics, a 
findmg which suggests that emergence of antibiotic- 
resistant mutants may become a serious problem. 
Surgery is required for removal of scar tissue in the 
advanced stages of the disease. 

INCLUSION CONJUNCTIVITIS 
(Inclusion Blennorrhea) 

This is an acute infecHous eye disease of new'- 
bom infants, children, and adults. ' ' 
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a virus, similar to tliat of trachoma, which rcsules 
111 the genitourinary tract and is transmitted hy 
sexual intercourse. Genitourinary infection is usu- 
ally asymptomatic or limited to mild cervicitis and 
urethritis. The eyes of infants are infected during 
passage through the birth canal; ocular infection 
can also be contracted in sxvimmlng pools and 
nurseries. The disease in babies is ch.aracterized 
by follicular conjunctivitis, profuse mucopunilenl 
exudate, and pseudomembrane formation 5 to 12 
days after birth. The acute illness usually runs its 
course in several weeks, but low-grade conjunc- 
tivitis sometimes persists for many months. Unlike 
trachoma, scarring and pannus formation do not 
occur. Inclusion conjunebvitis in adults is an in- 
variably mild, afebrile infection, usually confined 
to the palpebral conjunctiva of die lower lid. The 
virus of inclusion conjunctivitis can be cultivated 
in the yxilk sac of embryonated hen’s eggs, and 
smears of conjunctival scrapings reveal inclusion 
bodies identicsd with those of trachoma; the two 
diseases can be differentiated only by the clinical 
picture and course. Oral or local treatment with 
tetracycline compounds is highly effective. Inclu- 
sion conjunctivitis of the newborn should not be 
confused with gonococcal ophthalmia, which in- 
variably begins 24 to 72 hr after birth and Is now 
cxceedmgly rare. 

EPIDEMIC KERATOCONJUNCTIVITIS 
(Shipyard Conjunctivitis) 

This is an acute infectious disease of the con- 
junctiva and cornea that was unk-noivn in the con- 
tinental United States until its introduction from 
Hawaii dunng die Second World War. TIic elio- 
logic agent is adenovirus type 8, which often pro- 
duces far more serious ocular damage than the 
a-denovixusits thalt, 'pVia.xyn^ooKvysxwAi.val t<is<:x 
(see p 1116). Epidemic keratoconjunctivitis in the 
Umt^ States occurs mainly in locahzed outbreaks 
in factones, shipyards, and eye clinics. Milder in- 
fections have been recognized among fanuly con- 
tacts of affected individuals, but the incidence of 
secondary cases is generally low. The incubation 
period vanes from 5 to 10 days. The disease begins 
unilaterally with mild or severe conjunctivitis that 
tends to be follicular in type and is sometimes osso- 
ciated with pseudomembrane formation, iritis, and 
subconjunctival hemorrhages. Transient fever, head- 
ache, and malaise are the only systemic manifesta- 
tions. The preauriculai lymph node is usually en- 
larged on the affected side. Within a few days, 
the cornea becomes inflamed, with resultant pain, 
lacrimation, photophobia, and blurred vistrm. The 
other eye is involved several days after the first in 
about 50 per cent of coses. Suhepithehal comeal 
opacities without ulceration appear 1 to 3 weeks 
"f^er onset and can persist for years, resulting in 


impairment of visual acuity. Specific chemotherapy 
is not available, but local hydrocxirtisone may sup- 
press the Inflammatory reaction. Epidemics can lie 
limited by restricting contact with objects handled 
by known cases. Infections that must be differen- 
tiated from epidemic keratoconjunctivitis include 
Newcastle disease, herpes simple.x (p. 1170), lepto- 
spirosis (p. lOSG), and cat-scratch disease (p. 
1178). 

NEWCASTLE DISEASE 
This is a common and economically important 
disease of poultry caused by a virus of the mj-xo- 
vinis (influenza) group. The infection in birds may 
be acute or chronic and is characterized by severe 
respiratory, gastrointestinal, and central nervous 
system damage. Human infection occurs mainly in 
poultry workers and virologists. In man, accidental 
introduction of contaminated material into the eye 
is followed in 24 to 72 hr by conjunctivitis, edema 
of the lids, and profuse Jacrimab'on. Tlic cornea is 
not involved, and photophobia Is unusual. Con- 
stitutional symptoms arc absent or mild. The pre- 
auricular lymph node on the affected side Is swollen 
and tender in about half the cases. liccovciy is 
complete in 10 to 14 days, and no permanent 
damage results. Tlie diagnosis can be suspected 
from the patient’s occupation and confirmed by is> 
lation of tlie virus in cmbiyonated eggs. The anti- 
body response to conjunctival infection is weak, and 
serologic tests arc generally unsatisfactory. No 
treatment is available or required. 
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qnn lymphogranuloma 
A\J\J VENEREUM 

Albert Hcyman 

Definition. L^TOphogranuloma venercuTn is a 
virus disease usually transmitted by sexual contact 
and characterized by a small primary lesion, re- 
gional lymphadenitis, and constitutional symptoms. 
The disease is knonm by a variety of names, such 
as hjmphogranulotna inguinale, hjmphopathla 
venerettm, and clitnatlc bubo, but the name gen- 
erally preferred is lymphogranuloma venereum. 
This disease should not be confused with granuloma 
inguinale, an ulcerative infection of the skin caused 
by the Donovan body (p. 977). 

Etiology. Tlio etiologic agent of lymphogranu- 
loma venereum is a comparatively large virus. When 
stained by special methods, the organbms can be 
seen with the ordinary microscope as small spheri- 
cal granules or elementary bodies. The virus is also 
disttoctivc in that it is susceptible to sulfonamide 
therapy. It produces meningoencephalitis in mice 
and monkeys and can be cultured in the yolk sac 
of the chick enibr)-o. Infected yolk sac tissues are 
usetl as diagnostic antigens for intraderm.-il (Frei) 
tests and complement fixation reactions. There are 
serologic cross reactions, however, with psittacosis 
and certain otlier viruses {mcningopncumonltls, 
feline pneumonitis). 

Incidence. Lymphogranuloma venereum exists in 
almost every part of the world but is especially 
prevalent in tropical and subtropical countries. It 
is frequently seen in Uie southeastern portion of 
the United States, particuhirlj' among Negroes. 
There is no accurate information regarding the 
incidence of the disease. Only 485 new cases were 
reported in the United States in 1959, but it is 
likely Uiat the incidence is much higher. 

Fathogenesis. Lymphogranuloma venereum is 
nearly alw’ays transmitted by sexual contact Tbe 
incubation period varies from 2 to 30 days. A small 
evanescent lesion may appear at the site of faiocula- 
Hon, but more often the first sign of the infection 
is infiammation and suppuration of the inguinal 
lymph nodes. The virus is apparently disseminated 
tlnoughout the body by way of the blood stream; 
it has boon isolated from the prim.iry lesion, the 
regional lymph nodes, (he blood, and tlie spinal 


fluid- Severe systemic manifestations, such as 
meningoencephalitis, keratitis, cutaneous lesions, 
and arthritis may occur. Specific evidence of im- 
munity to the virus, including skin sensitivity of 
the tuberculin type, and coroplement-fi.’ung hu- 
moral antibodies, can be demonstrated in Smost 
every patient shortly after the onset of tlie disease. 
Positive skin and complement fixation reactions per- 
sist for several years. Patients with lymphogranu- 
loma venereum frequently have an increase in tlie 
globulin fraction of the blood. Follo^ving the initial 
infection, the patient may remain asymptomatic 
for a long period of time but may eventually de- 
velop late manifestations of the disease, such os 
rectal strictures or elephantiasis of the genitalia. 

The early histologic lesion of lymphogranuloma 
x'cnercum consists of a granuloma forming about a 
small blood vessel and composed of large mono 
nuclear cells. The \esscl is eventually compressed 
and obliterated, and necrosis occurs in the center of 
the granuloma. The "stellate" abscesses which arc 
thus formed are cl).iracteristic of the fully developed 
acute lesions of this disease. 

Clinical Manifestations. The initial lesion of 
lymphogranuloma venereum is seldom noted, since 
it is transitory and inconspicuous. Those which arc 
observed consist of single, small, shallow ulcerations 
on the external geiutnlia. Shortly after the appear- 
ance of the initi^ lesion tlicrc are enlargement and 
suppuration of the regional lympli nodes. The usual 
site is the inguinal or femoral region, and this lym- 
phadenitis is called the bubo. The typical lympho- 
granuloma bubo develops slowly, is bilateral, and 
forms an ill-defined, lobulated mass. Suppuration 
usually follows, producing multilocular areas of 
fluctuation which may rupture spontaneously, form- 
ing one or more draining fistulas. 

Tlic majority of patients with buboes show con- 
stitutional reactions: headache, malaise, fever, and 
anorexia. Occasionally the virus causes inflamma- 
tion of distant areas, and “aseptic meningitis,” peri- 
carditis, and conjunctivitis have been observ'ed. 
Ceneralized skin eruptions and arthritis have also 
been described; these apparently have been pro- 
voked occasionally by the performance of skin 
tests for the disease. 

Many years after the onset of the infection, the 
patient may develop a proctitis associated with 
rectal bleorling and a punilent discliarge. Eventii- 
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ally there is scar formation, and a complete fibrous 
ring may clc\elop, producing a redat striciurc, 
vliich may necessitate colostomy. Rectal lesions are 
found predominantly in s\omen and are the result 
of the IjTTiphaUc drainage from the posterior part 
of the vulva and Uic vagina into the petirecta! and 
retroperitoneal lymph nodes. In the male the lymph 
\csscls drain from the penis to the inguinal area 
and thence to the deep iliac nodes. 

Another late complication of lymphogranuloma 
venereum is elephantiasis of the e.rtemal genitalia. 
This is known as esthiomcne and is caused by inter- 
ference with Ijinphatic drainage. Ulceration is fre- 
quent, and secondar)' infection may cause marked 
destruction of the genitalia. 

Diagnosis. Isolation of the virus is the most ac- 
curate means of diagnosis, hut it is too laborious for 
geneml use. The diagnosis is usually based upon 
the clinical findings, togctlier with a posilh'e inlra- 
dermal test and complement fixation reaction. Com- 
mercial antigens are available for these. A positive 
sVin fFrei) test is of limited value, as It merely 
indicates that the patient has been infected with 
the virus at some previous time. In a recently ac- 
quired infection, the complement fixation test will 
usually be positive in a high tiler (1:80 to 1:640). 
Furthermore, a change m the titer of ciradalmg 
antibodies may be found in successive tests Biopsy 
of the primary lesion or of a I)’niph node should be 
done whenever feasible, since die histologic picture 
is sufllcicntly characteristic to permit a diagnosis 
and to differentiate this disease from other venereal 
infections. 

Treatment. Sulfonamide therapy has been the 
standard treatment of the early manifestations of 
Ivmphogranuloma venereum. Sulfadiazine, in doses 
of 4 Cm a day, usually results in disappearance of 
symptoms and lesions within 1 to 2 weeks. Chloram- 
phenicol and the tetrac) dines have also been found 
to be of some value in tbe treatment of buboes, 
draining sinuses, and early proctitis, and seem to be 
as effective as the sulfonamides. There is evidence 
to suggest that sulfonamide therapy may not destroy 
the virus completely and that it may persist in the 
body after the acute infection has subsided. The 
hte manifestations of tlie disease, such ns rectal 
stricture and elephantiasis, do not usually respond 
to any fonn of medication, and treatment is chiefly 
surgical. Buboes which have become fluctuant 
sliould be aspirated to prevent spontaneous rup- 
ture and subsequent sinus formation. 
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CAT-SCRATCH DISEASE 

Ivan L. Bennett, Jr. 

Definition and Etiology. Cat-scratch disease is a 
specific infection characterized by indolent, occa- 
sionally suppurative, regional lymph.adenite, soc- 
ondaiy to a primary cutaneous lesion at the site of 
inoculation, usually a minor trauma. Because more 
than half of the reported cases have originated from 
cat scratches nnd a history of close contact with 
cats is often elicited, tlie name cat-scratch disease 
has become popular. However, the disorder has 
been acquired from splinters, thorns, beef-bone 
fragments, etc., and in a fair percentage of patients 
no inciting trauma is recalled. Other names such as 
nonbacteriaj regional lymphadenitis or benign in- 
oetdathn reticulosis have been suggested but have 
not been vWdely used. 

A specific etiologic agent has not been identified. 
Bacterial cultures of involved nodes are uniformly 
negative. The disease has been transmitted by 
inoculation of pus from suppurating nodes into 
monkeys and man, but numerous attempts to iso- 
late a virus have failed. Intranuclear and intracyto- 
plasmic inclusions ate occasionally seen m histologic 
preparations of infected nodes; furthermore, com- 
plement-fLxing antibodies for lymiphogranuloma 
venereum antigen arc occasionally demonstrated in 
sera of patients with tins disease. These suggest that 
a virus related to tlie lymphogranuloma-psitbeosis 
group may be the causative agent. Photochromo- 
gcnic acid fast bacilli have been reported to cause 
suppurativa lymphadenitis in children, and it may 
well be that anonymous mycobacteria are responsi- 
ble for some cases of cat-scratch disease (see p. 
1025). 

Careful observation of cats thought to be re- 
sponsible for tile disease has revealed no evidence 
of illness; these animals do not react to intradcrmal 
Injection of antigen. Tlicsc facts, together with the 
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exidencc that other forms of trauma transmit the 
disease, may indicate that the infecting agent is 
simply transmitted passi\’ely by the cats claw’s. 

Manifestations. Systemic sjTnptoins are usually 
mild, consisting of headache, fever, and malaise, 
which subside within a few days. Shaking chills 
and fever with temperatures as high as 104®F can 
occur but are unusual. A transient macular or 
vesicular rash which subsides within 48 hr is rarely 
present during the early stages. Eryihcma nodosum 
has been reported. 

In a typical case the primary lesion consists of a 
raised, slightly tender papule cro^vned by a small 
vesicle or eschar; it often resembles an indolent 
furuncle or insect bite. Multiple primary lesions 
have been described. Some patients do not etlubil 
a lesion. 

Regional adenopathy becomes evident in a few 
days to as long as 6 weeks after infection. The 
axillary and epitrochlear, femoral, or (most com- 
monly) the cervical nodes on one side become vis- 
ibly swollen and tender, often with redness of the 
overlying skin. Tlie nodes occasionally suppurate, 
soften, and drain spontaneously; fistulas alwa)s heal 
completely with only slight scarring. Usually the 
tenderness subsides gradually, and nontender, Srm, 
enlarged nodes remain palpable for some weeks or 
even months. There is no generalized glandular en- 
largement, and the spleen is not palpable. 

It seems probable that clinical forms of this in- 
fectious disease other than that desenbed above 
may be delineated. A few cases of encephalitis as- 
sociated with localized adenopathy and a positive 
skin test have been reported. European authors 
have suggested that iionspcci^ mcscntcrfc lym- 
phadenitis in children is an abdominal form of cat- 
scratch disease, and in at least one reported case a 
previously negative skin lest became positive after 
an illness diagnosed at laparotomy as mesenteric 
adenitis. A number of cases of so-called ParinaiMfs 
ocu/ogZandular syndrome, characterized by conjunc- 
tivitis and regional lymphadenopathy and previ- 
ously thought to be due to infection by Leptoihrix, 
hav'e been reported to show positive skin tests for 
cat-scratch disease. Evidence for a primary jmfmo- 
nanj form is scant but suggestive, and at least two 
cases of possible bone involvement in the form of 
osteolytic foci have been described. Specific diag- 
nosis is made by means of a skin test. Antigen for 
this is prepared from pus aspirated from infected 
nodes; it is inactivated by heating at 60*0 for 2 hr. 
A positive reaction is of the delayed, tuberculin 
type, appearing in 24 to 48 hr. Patients In this 
country have reacted to antigens prepared from 
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European countries, and vice versa — evidence th.it 
the disease is widespread and that strain differences 
in skin-test antigens are not significant. Skin reac- 
tivity to the antigen persists for at least 4 years after 
the disease. The Frei test is negative. The Ieukoc)-te 
count is usually normal, occasionally reaching 
13,000. There may be some increase in eosinophils, 
but this is not prominent. The eiythrocyte sedi- 
mentation rate is usually elevated. In one reported 
ease, serum globulin was elevated early in the dis- 
ease, decreasing with convalescence (reminiscent of 
Ijinphogranuloma venereum), and in another a 
biologic false positive serologic test for sj’philis was 
noted. Tlie histologic picture in excised nodes is 
that of a granuloma with microabscess formation, 
although not diagnostic, the pathologic findings are 
characteristic enough to suggest the possibility of 
the disease- 

Cat-scralch disease is a benign illness, and the 
prognosis is uniformly good. Its main clinical im- 
portance lies in its possible confusion with other 
more serious diseases of the Ijinphatics. Diseases 
to be considered are tularemia, IjTnphatic tubercu- 
losis, sporotrichosis, Ijinphogranuloma venereum, 
and bacterial adenitis. Because of the indolent 
character of the adenopathy, Hodgkin’s disease or 
other l)Tnphomas may be suspected. Appropriate 
serologic and cultural tests ser\’e to rule out other 
infections; biopsy may be needed to exclude tumor 
but a positive skin test vWth cat-scratch antigen 
effectively rules out the necessity for such pro- 
cedures. 

Treatment. In instances of node suppuration, 
aspiration of accumulated pus affords relief of pain 
(and, incidentally, serves as a source of material 
for the preparation of skin-test antigen). Penicillin 
and streptomycin are ineffective. Tetracycline drugs 
appear to shorten the course of the disease appre- 
ciably, but their effect is usually not dramatic. 
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MUMPS (Epidemic Parotitis) 
Robert G. Petersdorf and 
Ivan L. Bennett, Jr. 

Definition. Muraps is an acute communicable dis- 
ease of viral eUoIogy characterized by painful en- 
largement of the salivary glands and, sometimes, 
involvement of the gonads, meninges, and pancreas 
History. Epidemic parotitis was described by 
Hippocrates. The disease was produced experi- 
mentally in cats by Wollstefn in 1918, but it was 
not until 1934 that its viral etiology was established 
by Johnson and Goodpasture. Habel found in 1945 
that the vmis could be propagated in the chick 
embrj'O, and Enders demonstrated complement- 
fi-xing antibody in the scrum of patients convales- 
cent from mumps. 

Etiotog}'. The causative agent of mumps is a 
virus of intermediate size which has been classified 
among the mj-xoviruses, serologic cross-reactions 
have been demonstrated between it and other mem- 
bers of the group, notably Newcastle disease virus 
and influenza D virus The virus of mumps causes 
agglutination of erythroc)tes of certain species, 
produces hemolysis, and fixes complement in the 
presence of specific antibody It elicits a delayed 
.allergic reaction in human beings affected wiUi It. 
The virus can be cultivated in the chick embryo 
and propagated in tissue cultures of HeLa cclb 
Slid zjjonkey kdine)' cells 

Epidemiology. Mumps is world-wide It is en- 
demic m urban communities, although small epi- 
demics occur in closed environments such as 
schools, camps, and barracks. The infection is 
present tliroughout the year, but there is a high 
seasonal incidence in the winter and spnng. Both 
sexes are equally affected. Mumps is much more 
common among urbanites, 90 per cent of whom 
have been infected, than in the sural population, 
only 10 per cent of whom have had mumps. Al- 
though it is predominantly a disease of children, 
adults who ha\’e not had the disease are frequently 
affected. Data gathered from complement fixation 
and skin tests indicate that at least 40 per cent of 
human infections are inapparent. The isolation of 
mumps virus from urine suggests thb as a possible 
mode of transmission. The virus is present m the 
blood and salivary secretions for several days before 
the appearance of symptoms and may persist m the 
•a for 10 daj'S after onset of parotitis. From a 


practical point of view, tlierefore, patients should 
be isolated until parotid swelling has subsided 

One attack of mumps confers lasting immunity, 
and second attacks are most unusual. Tlie protec- 
tion afforded by unilateral parotitis is just as effec- 
tive as after bilateral invoKcment. 

Pathogenesis. The virus enters via the respiratory 
tract and multiplies. After an incubation period of 
8 to 28 days, averaging 18 dajs, the vims is widely 
disseminated to involve the salivary glands, menin- 
ges, testes, p.increas and, more rarely, the ovaries, 
breasts, thyroid, thymus, heart, bver, and cranial 
nerves. 

Manifestations. Salivary Adenitis. Mumps paro- 
titis may be preceded by a prodromal period of 
malaise, anorwia, chilly sensations, feverishness, 
and sore throat. Early findings suggesting the diag- 
nosis are tenderness when upward pressure is 
exerted on the angle of the j’aw, reddening and 
pouting of the onfice of Stensen’s duct, and marked 
discomfort on tasting acid substances. In many 
cases, however, the first indication of illness b 
parotid swelling. Usually, swelling of one gland is 
followed in 4 to 5 days involvement of the other. 
In about one-third of cases parotitis remains uni- 
lateral. Swelling of the submaxillary and sublingual 
glands is common but often overlooked. Tlic 
swollen parotid extends from below the ear to tlic 
lower portion of the ramus of the mandible and to 
the inferior portion of the Z)gomati‘c arch. The 
skin over the gland may be red, Irot; and taut. Con- 
siderable pain and tenderness ore present, and eat- 
ing, swallowing, and talking cause marked discom- 
fort. There is edema and erythema of the orifice of 
Stensen’s duct, but no punilent discliarge is ex- 
pressible. Sublingual and submaxillar)' adenitis 
sometimes produce presternal edema Swelling of 
the glottis occurs rarely and may necessitate 
traclicostomy. 

Swelling of the salivary glands reaches its peak 
within 2 to 3 days and then subsides during the 
ensuing xveek. It is usually associated with malaise, 
headache, anorexia, and fever with temperature 
ranging From 100 to lOGT. However, s)'Stemic 
manifestations may be very mild, particularly in 
children. 

Oreftitis. Mumps is complicated by orchitis in IS 
to 20 per cent of postpubcral males. Testicular in- 
volvement usually appears 7 to 10 days after onset 
of parotitis, although it may precede it or appear 
simultaneous!)'. Occasionally, orchitis occurs in the 
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absence of parotitis. Gonadal involvement is »ini* 
lateral in approximately 75 per cent of patients. 

Orchitis is heralded by recrudescence of malaise 
and appearance of chilly sensations, headache, 
nausea, and vomiting. Shaking chills and high fev'ere 
with temperatures between 103 and lOB^F are 
frequent. The testicle becomes greatly swollen and 
e.tquisilely painful. The epididymis is often palpa- 
ble as a swollen tender cord; prostatitis and seminal 
vesiculitis are common. Swelling, pain, and tender- 
ness persist for 3 to 7 days and gradually subside; 
lysis of fever usually parallels abatement of swelling. 
Occasionally, the temperature falls by crisis. Mumps 
orchitis is followed by atrophy of the testide in one- 
half the cases. Even after bilateral orchitis, however, 
sterility is extremely unusual. 

Pulmonary infarction has heen noted to follow 
mumps orchitis. This may be the result of thrombo- 
sis of the veins in the prostatie and pelvic plexuses 
in association with the testicular inflammation. The 
incidence of tesUcular tumors following remotely 
upon mumps orchitis has been said to be increased. 
This observation needs further validation. 

Pancrealith. Involvement of the pancreas is a 
potentially serious complication which should be 
suspected in patients with abdominal pain and 
clinical or epidemiologic evidence of mumps. Ab- 
dominal tenderness, nausea, v'omiting, and constipa- 
tion are other symptoms sometimes found in 
pancreatitis. Occasionally, a mass can be palpated in 
the epigastrium or left upper quadrant. Shock is 
unusual but when present is an ominous sign. 
Serum and urinary amylase are elevated in pan- 
creatitis but are of little signiflcancc as long as 
parotid swelling, which may also give rise to hyper- 
amylasemia, is present. Transient hyperglycemia, 
glucosurin, and steatorrhea are frequent but 
chronic diabetes melhtus and pancreatic insuffi- 
ciency are rare. 

Central yercous System Incolccment. Nearly 50 
per cent of patients witli mumps have cerebrospinal 
fluid pleocytosis although sjonploms and signs of 
meningoencephalitis — headache, nuchal rigidi^', 
and drowsiness— occur in only one patient in ten. 
Occasionally, mumps meningoencephalitis presents 
with coma, delirium, and convulsions. Muscle pain 
and slight to moderate weakness of several muscle 
groups may simulate paralytic poliomyelitis from 
which mumps can be differentiated by appropri- 
ate serologic tests. Paralysis of cranial nerves is 
rare. 

Meningeal involvement is usually preceded by 
parotitis but can be the first, or the only, manifesta- 
tion of infection by mumps virus. Serologic studies 
indicate that 10 to 15 per cent of cases of “aseptic 
meningitis" in this country’ are caused by mumps 
virus, and in one series of 713 cases, 01 v\ere due 
to mumps. For some unetphiincd rcaMin, ^mpto- 
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raatic involvement of the central nervous s)'stcm is 
more common in males than females. 

The cerebrospinal fluid is clear and under slighllv 
increased pressure. There is a moderate elcvatioiv 
in protein content, but glucose and chloride are 
generally normal. 

Usually the disease runs its course within a week 
and leaves the patient with no residual disability. 
Fortunately, the commonest serious complication, 
nerv'e deafness, is rare and is likely to be unilateral 

Rarer Manifestations. Mumps virus tends to in- 
volve glandular tissues, and inflammation of the 
lacrimal glands, thymus, th)Toid. breasts, and 
ovaries occurs occasionally. Oophoritis may be rcc- 
ognixed by persistence of lower abdominal pain 
and fever. It does not result in sterility, however 
Mumps virus has been implicated in the etiology of 
subacute thyroiditis, and 10 of 11 patients who 
acquired this illness at a time when the incidence 
of mumps was high, gave serologic evidence of in- 
fection with mumps virus. Furthennore, tv^o of 
these patients had mumps virus isolated from the 
thyroid gland. 

Vulvovaginitis, uveitis, and iridocyclitis have 
been reported in mumps, but it is difficult to be 
certain that they arc caused by the virus. 

Mumps rnyocorditls is evidenced primarily bv 
transient abnormalities in the electrocardiogram 
but docs not produce syrnplomatfc disease or im- 
pair cardiac function. Similarly, hepatic involve- 
ment is manifested in a number of patients by mild 
abnormalities in liver function, but icterus and other 
clinical signs of hepatic decompensation do not 
occur. 

Blood dyscrasias in connection with mumps are 
most unusual, and despite the association of a 
hemolysin with the virus, hcmoI)tic anemia docs not 
present a problem. Thrombocytopenic purpura as 
a compheation of mumps has been described It 
seems possible that the platelet disorder existed 
coincidentally with mumps infection. 

A rare but interesting laic complication of mumps 
is polyarthritis. Joint symptoms ^gin 1 to 2 weeks 
after subsidence of parotitis. The illness usually 
lasts 6 weeks, and complete recovery wiiliout 
residual joint damage is the nile. 

Laboratory Findings. In uncompL'cated parotitis, 
(lie blood leukocyie count is normal, although there 
may’ be mild leukopenia with relative lymphoev to- 
sis. Patients with mumps orchitis, however, tend to 
have a marked leukocytosis with a shift to the left 
In meningoencephalitis, the white blood cell count 
is usually within normal limits. The erytlirocyle 
sedimentation rate is usually normal but may* rise 
with testicular or pancreatic involvement. The 
serum amylase is elevated both in pancreatitis and 
salivary adenitis. It may also lx* elevated in some 
patictits in whom the sole evidence of mumps is 
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meningoencephalitis. In these instances it probably 
reflects subclinical in\’olvement of the salh'ary 
glands and may be of help in d5stingv\isbing itiumjB 
meningoencephalitis from other aseptic mcningit- 
icles. In contrast to the amylase, serum lipase is 
elevated only in pancreatitis, which can also be 
accompanied by hyperglycemia and glucosuiia. The 
cerebrospinal fluid contains 0 to 2,000 cells per cu 
mm, almost all of which are mononuclears, and 
there is no relationship between the degree of 
pleocytosis and the severity of central nervous sys- 
tem symptoms. 

The serum complement fixation test becomes 
positive during the second week of disease and 
temams so for about 6 weeks. The hemagglutina- 
tion inhibition reaction is demonstrable somewhat 
later and persists for sereral months. These sero- 
logic tests are indicated only in atypical cases or 
to ascertain the cause of "aseptic meningitis" The 
intradermal injection of killed mumps vims pro- 
duces a delayed reaction of the tuberailin tj-pe in 
immune individuals, The skin test becomes positive 
several days after the onset of the disease, and a 
positive skin test early in the illness is on argument 
against the diagnosis of mumps. The skin test is 
rarely of value in the diagnosis of acute mumps in- 
fection, and because it may elevate the titer of 
complemcnt-ILxmg antibodies shovild not be used 
in this situation. The test is of value in selecting 
susceptible individuals for vaccination. Skin tests 
are contraindicated in patients giving a history of 
bypersensitiv'ity. 

Diagnosis. The diagnosis of mumps during an 
epidemic is usually obvious. Sporadic cases, how- 
ever, must be distinguislicd from other causes of 
parotid enlargement. Bacicrial parotitis usually oc- 
curs m debilitated patients with severe underlying 
diseases such as uncontrolled diabetes mellitus. 
cerebrovascular accidents, or uremia. It may also 
follow operations. The parotid glands are swollen 
and tender, and pus can be expressed from the 
orifices of Stensen's ducts. Marked polymorpho- 
nuclear ]eukac)tosis is present. The disease Is usu- 
ally acquired in the hospital, and Slaphijlococats 
aiiTcus IS the causative organism. Dehydration fol- 
lowed by inspissation of secretions in tlic salivary 
ducts IS probably an important predisposing factor. 
Calculus ui a salivary duct, usually detectable hy 
palpation, may cause painful swelling of the gland. 
Drug reactions can produce tender swellings of the 
parotid and other salivary glands. "Iodine mumps" 
is tlie commonest type; mercurialism can also pro- 
duce this picture. The antihypertensive agent 
guanethidine may cause parotid enlargement and 
tenderness. Careful history' usually serves to clarify 
the etiology of these reactions Cervical adenitis 
caused hy streptococci, bull-neck diphtheria, infcc- 
• tious mononucleosis, cat-scratch disease, sublingual 


cellulitis (Ludwig’s angina), and cellulitis of the 
external auditory can-tl arc usually easy to distin- 
guish from mumps by careful examination. Parotid 
tumors tend to follow a more indolent course, with 
swelling of relatively long duration. The common 
“mixed tumor” of the parotid is vv'ell circumscribed, 
nonlcnder, and very firm, almost cartilaginous on 
palpation. Parotid swelling and fever, often aecom- 
ponied by lacrimal adenitis and uveitis (Mikulicz’s 
syndrome), c-m ocair in tuberculosis, leukemia, 
Hodgkins disease, and lupus erythematosus. The 
onset may be sudden, but the process is usually 
painless and of long duration. “Uvcop.rrotid fever” 
of similar type may be the first manifestation of 
sarcoidosis; in this disease parotid swelling is fre- 
quently accompanied by single or multiple palsies 
of cranial nerves — in particular, the facia! — and is 
referred to as Heerfordt’s syndrome. Bilateral pain- 
less parotid swelling unassoeiated with fever is 
found in patients vvith Laennec’s cirrhosis, chronic 
alcoholism, and malnutrition. Parotid swelling may 
also occur during rapid refeeding of undernourished 
individuals. Finally, there is a type of chronic in- 
fkimmalion of the parotid and other salivary glands 
which is often associated vvitli atropliy of the 
lacrimal glands and occurs most commonly In 
women past the menopause. With cessation of 
lacrimal and salivary function, there may bo 
striking dryness of the conjunctiva, cornea (kerato- 
conjunctivitis sicca), and mouth (xerostomia) 
These patients may also have a variety of systemic 
manifestations, fnchiding arthritis of the rheumatoid 
type, splenomegaly, leukopenia, and hemolytic 
ancmi.'i tVhen diyncss of the mucosal surfaces is a 
prominent feature, the name Sjogren’s syrndromc is 
often applied although some insist .Mikulicz’s dis- 
ease (os opposed to the syndrome accompanying 
other diseases) is tlie proper term. ’The chronicity 
of the process and its occurrence in elderly women 
make confusion with mumps unlikely’. 

’The causes of aseptic meningitis are listed on 

p. 1136. 

Orchitis occurring in the absence of parotitis is 
likely to remain undiagnosed Serologic testing m.iy 
later confirm tlie diagnosis of mumps. Orcliitis may 
occur in association with acute bacterial prost-ntitis 
ami seminal vesiculitis. It is a rare complication of 
gonorrhea. Occasionally testicular inflammation ac- 
companies pleurodynia, leptospirosis, melioidosis, 
relapsing fever, and chickenpox. In any patient with 
fever and orchitis, brucellosis should be ruled out 
by appropriate cultures and serologic tests. 

Treatment. There is no specific treatment for in- 
fections vvith the mumps virus. Patients witJi 
parotitis should receive mouth care, analgesics, and 
a bland diet. Bed rest is advisable only as long as 
tlie patient is febrile; contrary to popular belief, 
physical activity has no influence upon the develop- 
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ment of orchitis or other complications. Patients 
with epididymoorchitis may be acutely ill and m 
great pain. Many advocated forms of treatment in- 
cluding surgical decompression of the testicle, estro- 
gens, convalescent serum and broad-spectrum anti- 
biotics have not been regularly effective. The 
administration of adrenal steroids in a dosage cor- 
responding to 300 mg cortisone or 60 mg predni- 
sone initially, followed by a schedule of decreasing 
dosage for 7 to 10 days, has been markedly effective 
jn decreasing testicular pain and swelling, damping 
tlie febrile response, and improving the patient's 
sense of well-being. It is important to administer 
adrenal hormones in large dosage initially; when 
smaller doses have been employed, these drugs have 
not been regularly effective. Adrenal steroids have 
not exerted an adverse effect on concomitant pan- 
creatitis or meningitis. They have been tried 
specifically for the latter complication of mumps 
and, while effective in reducing fever and head- 
ache, their witlidrawal was invariably accompam'ed 
by a sharp recrudescence of symptoms. Adrenal 
steroids have not prevented the appearance of 
parotid involvement on the contralateral side. 

The management of pancreatitis is described on 
p. 1683. Mumps arthritis has been rebeved symp- 
tomatically by adrenal steroids. Mumps thyroidiHs 
also responded to these hormones with decrease in 
swelling and fever within 72 hr. 

Prophylaxis. After exposure to the virus, the ad- 
ministration of is relatively Ineffective 

in preventing or modifying mumps parotitis. Inac- 
tivated mumps virus vaccine does not abort clinical 
cases of mumps if given after e-xposurc. It confers 
temporary immunity and may prevent orchitis or 
meningoencephalitis. Vaccination is rarely justified 
in children ui whom the disease tends to be benign. 
However, vaccination of exposed adults who show 
no reaction to skin tests with mumps antigen is 
probably worthwhile. Because the vaedne contains 
small amounts of foreign protein, it should not be 
given to hypersensitive individuals. 

Diethylstilbestrol in dosage of 1 mg dwly for 1 
week reduces the incidence of orchitis. A more 
effective regimen is the administration of 20 ml 
y-globulin prepared from mumps convalescent 
serum. 

Prognosis. As a rule, recovery from mumps and 
its sequelae is complete. Prognosis for life is good 
except for rare deaths occurring in cases of fulminat- 
ing encephalitis. Peafness after meningoencephali- 
tis, permanent diabetes following pancreatitis, or 
stcnlitj’ subsequent to gonadal involvement is rare. 
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OAQ CYTOMEGALIC INCLUSION 
DISEASE (Salivary Glantl 
Virus Disease) 

Ivan L. Bennett, Jr. 

DcEnilion. This is a virus infection that is easily 
recognized by striking enlargement of cpRbcbal 
cells of the salivary gland and other organs and 
the occurrence of prominent eosinophilic inclusions 
within the nuclei of affected cells. Related viruses 
eliciting similar tissue reactions have been isolated 
from lower animals, but these are apparently spe- 
cies-specific and do not infect man. 

The xxist majority of human infections are asymp- 
tomatic; the virus is frequently isolated from Uie 
adenoids or urine of well individuals, and most 
adults possess serum antibody against the virus. 
Ilowex’er, transplacental infection in infants can 
produce a fatal illness, and there is increasing evi- 
dence indicating that subclinical infection may be 
acth-ated and illness may occur under a variety of 
conditions in older children or adults. 
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Mnnirestations. In infants, the tliseasc is mani- 
festfcl as a licmoljtic anemia \Mtli pitirainent Iiepa- 
tosplenomegaly and a hemorrhagic tendency. In 
other children, there are dianliea, pneumonia, 
chorioretinitis, and signs of severe damage to Iiwr, 
kidneys, and brain. 

The presence of e'ctensive lesions showing typical 
inclusions in the tissues of patients with other 
debilitating Qlncsses (mucoviscidosis, pertussis, 
chronic renal failure) is being noted with increasing 
frequency, supporting the idea tliat a lowering of 
resistance can activate subclinical infection. 

Diagnosis. Tlie disease should be suspected in 
any infant with jaundice, especially when erythro- 
blastosis has been ruled out. Liver biopsy or the 
finding of epithelial cells with intranuclear inclu- 
sions in urine will confirm the diagnosis. Isolation 
of virus requires the use of tissue culture, but com- 
plement fixation tests on acute and convalescent 
serum are reliable and easy. 

Treatment. Treatment is entirely symptomatic. 

REFERENCES 

Medearls, D N : Cytomegalic Inclusion Disease, Pedi- 
atrics, 19 467, 1967 

Roue, W. P . et d 1 : Cytopathogenic Agent Resembling 
Human Salivary Gland Virus Recovered from 
Tissvie Cultures of Human Adenoids, Ptoc Soc. 
Cxpt! Blol. and Med , 92:418, 1950. 

Smith) M G., and F. Velhos: Inclusloo Disease or 
Generalized Salivary Gland Virus Infection, Arch. 
Pathol, 50.862, 1950 

Weller, T. H, J. C. Maeauley, J. M. Daig, and P. 
Wirth Isolation of Intranuclear Inclusion Produc- 
ing Agents from Infants after Illnesses Resembling 
C^onicgahc Inclusion Disease. Proc. Soc. ExptL 
Bioi Med, 94:4, 1957. 


YELLOW FEVER 

Ivan L. Bennett, Jr. 

Definition. Yellow fever is an acute viral disease 
transmitted to man by mosquitoes and characterized 
by fever, icterus, bradycardia, proteinuria, and a 
bleeding tendency. The infection can be almost 
asyanptomatic or rapidly fatal. Tu'o types of the 
disease are now recognized: urhan ijellow fever, 
transmitted from man to man by the bite of the 
mosquito Aedcs aegtjpti; and sylvan or fungje yel~ 
low feier, transmitted to man from monkeys by 
forest mosquitoes 

Etiology. The virus of yellow fever is small, its 
size being estimated at 17 to 28 m/i. It is inactivated 
by heat and ordinary antiseptics but can be pre- 
served for months in 50 per cent glycerin and for 
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years in the desiccated, refrigerated state. Two 
general types are recognized: the vhccrofroplc, 
wliicli involves the liver, kidneys, and heart, and 
die neurotropic, which attacks nerve tissue. In na- 
ture, the virus possesses both affinities and is said to 
be pantropic. The various strains isolated in differ- 
ent parts of the world appear to be antigenically 
identical. 

Ilistor;' and Epidemiology. Y’ellovv fever occurs 
in Large areas of South America and Africa. Since 
1948 an epidemic of sylv’an j’cllow fever has been 
spreading northw ard through Central America and 
in the Oinbhcan area. Much circumstantial evi- 
dence points to Afric.! as the place of origin of the 
disease, but the first reported epidemic was in 
Yucatin m 1648. From that time until the twentieth 
century many outbreaks ocairred in the coastal 
regions along the trade routes of the Atlantic. The 
disease showed a seasonal incidence, being commoo 
during the warmer u’ealher and subsiding with the 
cold weather. 

Little was known of the method of transmission 
until Carlos Finley in 1881 incriminated the mos- 
quito now known as A. aegtjpfi as the vector. Be- 
cause of die high incidence among American troopS 
during the Spanish-American War, the Yellov*' 
Fever Commission was established under the tliree- 
tion of Major Walter Rcetl. In 1000 and 1001, 
through experiments on volunteers in Cuba, Reed, 
Carroll, Agramonte, and Lazear proved the method 
of transmission by mosquitoes and showed that thc> 
causative agent could pass through a Bcrkefeld 
filter, thus establishing the viral etiolog)’ of the 
disease. Control and suppression of yellow fever 
followed mosquito eradication 

From evidence that one attack of the infection 
produced a lifelong immunity. Carter reasoned that 
two factors were necessary to keep vellow fever in 
a community: (1) a population of nonimmune 
human beings and (2) a population of mosquitoes 
to act as vectors. Epidemiologists survej’ed the key 
centers, and a tremendous control program vv.as 
launched under the auspices of The Rockefeller 
Foundation, with the optimistic belief that yellow 
fever could be eradicated from the Americas and 
eventually from the world. The campaign appeared 
to be successful, and the disease seemed to be dis- 
appearing from South America until a mysterious 
epidemic brake out in Rio dc Janeiro in 1028. 

ExtensKn surveys employing serologic tests and 
postmortem “biopsy” studies (viscerotomy service) 
demonstrated that, in the forests of large areas of 
South America, Central America, and Africa, the 
disease is present in the monkey population and is 
transmitted by "forest-loving” mosquitoes, par- 
ticularly species of Ilaemagogwi. This reservoir is a 
potential source of da iger to the native inhabitants 
and to rural workers who have to go into these 
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areas, increasing air travel and closer com- 

munication with all parts of the world, the danger 
of further widespread outbreaks is great, par- 
ticularly in Mexico and along the Gulf of Mexico. 
Eradication of infection by antimosquito measures 
alone is no longer feasible. 

Pathogenesis and Pathology. The mode of spread 
and multiplication of the virus has been studied in 
rhesus monkeys; it presumably follows the same 
course in man. When inoculated intradermally, the 
vims spreads immediately to the local l)Tnph nodes, 
from which it enters the blood stream and invades 
the liver, spleen, kidneys, and bone marrow. Tlie 
largest amounts of vims are found in the liver and 
semm. The organs which show the chief signs of 
degeneration in fatal cases are the liver, ludneys, 
and heart. Hemorrhages and jaimdice are present 
in the skin and mucous membranes. 

Microscopic changes are most apparent in the 
liver, where there is midzone necrosis with fatty 
degeneration. In severe cases, entire lobuIeS may 
show necrosis. There is absence of inflammatory 
reaction, and eosinophilic Councilman bodies are 
numerous 

The lesions in the kidney are most evident in the 
tubules, chiefly the convoluted portion, where 
cloudy and fatty degeneration is present. 

Early in the experimental disease, there is promi- 
nent necrosis of Kupffer cells. This is very charac- 
teristic, and It is probable that liver biopsy will turn 
out to be the most efficient method for early diag- 
nosis in sporadic cases of human infection. 

Manifestations. After an incubation period of 3 to 
6 days, onset is usually sudden, sometimes with a 
chill, but it may be insidious. During the first 3 days 
of illness the chief symptoms ate fever, headache, 
and backache. Active congestion follows, charac- 
terized by flushed face and injected conjunctivas 
and scleras. Nausea and vomiting are common. 

As the fever increases, the pulse slows. Jaundice 
and evidence of hemorrhage occur on the fourth or 
fifth day of illness. Jaundice, even in severe cases, is 
not intense. Pctochiae and gingival bleeding are 
common Hemorrhages may occur in tlie stomach 
and intestine, giving rise to “black vomit” and 
melena. After 3 or 4 days, the temperature falls and 
tliere is a short remission of symptoms, followed by 
a recurrence of fever. Proteinuria and oliguria occur 
early. Recovery begins about the seventh day; it is 
rapid and usually without complications. 

Tlicre is wide variation in the severity of the 
disease. The mortality is estimated at 5 per cent, 
most deaths occurring on the sixth or seventh day. 
The characteristic signs, whether in mild or severe 
eases, are the rise and remission of fever, the slow 
pulse in relation to the temperature (Fagets sign), 
and leukopenia. 

Laboratory Findings. Proteinuria is marked in 
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severe cases but is often absent in mild infections. 
A terminal anuria may occur. The leukocyte count 
falls steadily from the onset of infection, leukopenia 
being most marked on the fifth or sixth day. There 
is a decrease in both polymorphonuclear leukocj’tes 
and Ijmipbocq’tes. As reflected in liver function tests, 
the liver is the organ most extensively damaged by 
the virus. 

Three laboratory procedures are available to es- 
tablish a positive diagnosis: isolation of the virus, 
serologic tests which demonstrate development of 
specific antibodies during an infection, and histo- 
logic examination of biopsies of the liver. Isolation 
of the virus is possible by intracerebral inoculation 
of mice with serum from patients up to the fifth 
day of the disease. Serum from patients may show 
positive protection tests m mice during convales- 
cence. 

Liver sections may be obtained by biopsy or, in 
fatal cases in countries where the disease is en- 
demic, by the viscerotome. This is a simple in- 
strument which permits removal of small specimens 
of liver after death. In South American countries 
where jungle yellow fever occurs over a large area, 
the study of liver sections of any fatal febrile case 
of less than 10 days’ duration is a very important 
function of the Yellow Fever Scrv’ice. 

Treatment. No specific treatment is available 
Bed rest, good nursing care, and supportive therapy 
consisting of soft diet, adequate fluids, and saline 
and glucose infusions are the general therapeutic 
measures usually employed. For high fever and 
headache, tepid sponges and ice caps are tecom* 
mended. 

Prevention. Prophylaxis consists of vaccination 
and the eradication of A ocgypti mosquitoes. Two 
strains of attenuated yellow fever virus are avail- 
able for the preparation of vaccines: the French 
ncurolropic and the 17D strain The vaccine pre- 
pared from the 17D strain consists of frozen, dried 
extract of infected chick embryos sealed in ampuls. 
For use, the v’irus is reconstituted by the addition 
of sterile physiologic salmc solution. One sub- 
cutaneous injection of 0.5 ml will produce immunity 
in man. In rural areas, mass vaccination is tlie only 
effective protection against jungle yellow fever. The 
use of DDT spray on the walls of houses is effccln’c 
in controlling mosquitoes, but presently no mclliod 
is available for eradicating jungle yellow fever. 
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EPIDEMIC HEMOimilAGIC 
FEVER 
J. £. Smodel! 

DeCnitfon. Epidemic hemorrhagic fever Is an 
acute illness characterized by fetor of 5 days' dura- 
tion accompanied by prostration, anorexia, and 
vomiting. Capillary abnormalities appear early in 
the illnessj they are intensified about the fourth day. 
when petechial hemorrhages become prominent and 
increased capillary permeability results in marked 
proteinuria and transudation of plasma constituents 
into some soft tissues. With the termination of fever, 
some patients proceed to recovery, but about 20 
per cent develop hypotensive shock and renal in- 
sufficiency. The mortality rate is about 5 per cent. 
No specific laboratory test is available; hence the 
diagnosis is based on the typical clinical or patho- 
logic picture. Treatment consists of supports e and 
corrective measures. A number of other infectious 
diseases with hemorrhagic manifestations exist in 
Asia, Europe, and the Americas. These are men- 
tioned elsewhere in this chapter. 

History, Etiology, and Epidemiology. Epidemic 
liemorrhagic fever was first recognized in Man- 
churia and Siberia by the Japanese and Busslans 
about two decades ago. During tiie Korean W'ar the 
disease occurred in United Nation troops and was 
extensively investigated by Americans. The identi- 
cal disease was subsequently described in the 
Yaroslavl area of the Volga Rii'Cr Basin. It now is 
known to be widespread in European Russia and 
to extend westward in Europe as far as Hungary 
and Czechoslovakia. 

Both the Russian and the Japanese investi^tois 
who studied epidemic hemorrliagic fever in the 
Far East were able to transmit tlie disease to human 


beings by injecting them with urine or blood taken 
from patients during the first few days of disease. 
Moreover, each group found that the causative 
agent passed through filters w’hich retained micro- 
biologic agents larger than viruses. Neither these 
workers nor the Americans who investigated the 
Korean malady were able to establish the agent in 
a laboratory host. Recent studies on this of 
hemorrhagic fever in the Yaroskivl area have gii'en 
identical results, i.e., successful experimental trans- 
mission to man but not to laboratoiy animals. 

Two seasonal peaks of disease incidence arc 
characteristic of epidemic hemorrhagic fe\er, but 
sporadic cases arc encountered each month of the 
year. Most of the 1,000 pabents seen annually in 
Korea from 1951 to 1953 became ill between mid- 
April and early July and during October and 
November. The disease in Korea was limited es- 
sentially to military personnel stationed in niral 
areas nortli of a line drawn across the peninsula at 
the level of Seoul. However, a few civilians of all 
ages contracted the disease on returning to neg- 
lected farms in this area after the armistice. In 
contrast, in Europe the maladj’ allects civilians 
working in rural and forested areas, witli at least a 
thousand cases being reported annually in European 
Russia in recent yean. 

Intensive studies indicated that the majority of 
cases in Korea were Isolated and vv’idely spaced in 
lime and place. In the small outbreaks (1) there 
was no person-to-person spread of infection, (2) 
food and water were unimportant in the epidemiol- 
ogj' of the disease, and (3) the cases in a given out- 
break acquired their Infection over a period of a 
day or so during exposure in a sharply localized 
area of abandoned farmland or scrub-covered ter- 
rain. Although definitive proof w.is lacking, the 
Americans assumed that trombiciilid mites served 
as the vector to man for the agent of epidemic 
hemorrhagic fever and that small wild rodents 
provided tlie reservoir. Russian investigators also 
assumed that small rodents scrv'cd as the reservoir 
and that mites were involved in the cycle of infec- 
tion. Precise information on the ecology of the 
agent must await the discovery of a susceptible 
laboratory host for use in definitive studies. 

Epidemic hemorrhagic fever is distinct from 
Crimean hemorrhagic fever which extends from the 
Balkans eastward across the southern part of the 
USSR. The latter disease is milder and without the 
typical renal changes of the former. Moreover, its 
virus Is transmitted to man by Uydlomma ticks 
during the spring-summer season. Two other hemor- 
rhagic fevers, which are related to each other but 
different from the two just mentioned, are Omsk 
hemorrhagic fever and Kjas-mur Forest disease 
The former occurs in western Siberia and the latter 
in central India. Both are caused by members of 
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the Russian spring-summer group of viruses and 
are transmitted to man by Dermacentor ticks wliich 
also serve as vectors in the natural cycle involving 
wild animals. Febrile diseases associated with 
hemorrhagic manifestations have been described 
recently in the Philippines and Thailand. These are 
mosquito-bome infections caused by members of 
the dengue group of viruses. Finally, a viral dis- 
ease with a hemorrhagic diathesis has been recog- 
nized recently in Argentina. 

Manifestations. Following an incubation period 
of about 2 weeks (with extremes of 9 to 36 days), 
the illness usually begins abruptly, vvdth frontal 
headache, chills, high fever, anorexia, and back- 
ache. Physical findings during the first few days of 
fever and prostration are essentially limited to 
cutaneous flush, especially about the face and neck, 
and injection of the conjunctivas. About the third 
day petechiae generally appear on the soft palate 
and in the conjunctivas, the axillary folds, and 
cutaneous areas subjected to mild trauma. Increased 
capillar}' permeability becomes evident about the 
fourth day with the appearance of pathognomonic 
severe proteinuria and edema of loose tissue; edema 
of conjunctivas and periorbital tissue is visible on 
ph>'sical examination. Edema in the lumbar gutters 
and mesentery contributes to Uie abdominal and 
back pain, but it can be seen only at autopsy. 

Fever disappears about the fifth day, but even 
in the moderately alTcctcd patient the disease con- 
tinues, progressing through a series of phases, i.c., 
hypotensive, oliguric, diuretic, and convalescent. 
Manifestations of capillary leakage, among them a 
rising hematocrit, increase during the hypotensive 
phase but begin to abate after several days, when 
the oliguric phase is ushered in, with its associated 
mounting blood urea and creatinine levels. With 
the beginning of diuresis on about the tenth day, 
sjauptoms and abnormal physiologic findings gen- 
erally disappear quickly. However, renal tubular 
function is restored slowly, and normal concentrat- 
ing capacity usually does not return until the fourtli 
to sixth week after onset of the disease. Body 
weight, which may have decreased as much as 20 
lb in the average individual during the acute illness, 
is slowly restored to pre-onset levels. 

Those patients in whom the disease takes a severe 
course display either hypotensive shock during the 
fifth to seventh day after onset, or progressive renal 
failure during the second week, or both. The acute 
renal failure is in no way unique in regard to its 
clinical manifestations; hence this phase needs no 
further discussion here (see p. 1496). The physical 
findings in the shock phase are those of peripheral 
vascular collapse. In spite of the marked lowering 
of blood pressure, the skin is warm and flushed. 
The loss of plasma through damaged capillaries and 
poolmg of blood in dilated peripheral and v’isceral 
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capillari^ result in reduced circulating blood vol- 
ume. All these abnormalities contribute to the pro- 
found dy'sfunction of selected organs such as the 
kidney. 

Laboratory Findings and Pathology. Clinical lab- 
oratoiy data other than those already mentioned 
consist of (1) leukocytosis of 10,000 to 20,000 per 
cu mm, tt'ith many immature granulocytes by the 
end of the first week, (2) thrombocytopenia which 
reaches levels below 100,000 in half the patients, 
(3) disturbances of electrolyte balance, and (4) en- 
tirely negative results in various tj-pes of tests for 
the ordinary microbial agents. 

TTie characteristic lesions observed at autopsy are 
found in the kidney, right auricle, and pituitar)’ 
gland. Tlie renal cortex is pale, while the pyramids 
are dark red, almost hemonhagic in appearance. 
Hemorrhages occur in the auricle and pituitary 
gland. If death ensues during the hypotensive 
phase, gelaUnous edema fluid is found in the retro- 
peritoneal tissues and mesentery; if death occurs 
during the late oliguric phase, these tissues are 
usually dry. Microscopic changes other than those 
concerned with the lesions observ'ed grossly are 
rather meager and consist of scattered small focal 
areas of necrosis and hemorrhage in visceral organs 
Inflammatory lesions of the small vessels are con- 
spicuously lacking, but intense capillar)’ congestion 
is characteristic. Indeed, many of the areas which 
appear hemorrhagic at autopsy, such as the renal 
pyramids, actually represent sites where the capil- 
laries arc extremely dilated. 

DilTercntial Diagnosis. During the first few days 
of illness the disease may be confused with lepto- 
spirosis, the t)’phus fevers, hemorrhagic smallpox, 
idiopathic thrombocytopenic purpura, leukemia, or 
even influenza. A history' of exposure in the endemic 
area — particularly during a seasonal epidemic — 
and the appearance of marked proteinuria on the 
fourth day and the subsequent progression of the 
illness through the typical hypotensive, oliguric, 
and diuretic stages eliminate other diseases and 
warrant the diagnosis “epidemic hemorrhagic fever, 
confirmed.” 

Treatment and Prevention. The treatment of 
hemorrhagic fever is limited at present to suppor- 
tive measures; none of the chemotherapeutic or 
antibiotic agents has proved of value. Treatment 
begins with eaily diagnosis and prompt transfer to 
a hospital equipped to cope with a disease charac- 
terized by such extensive and varied physiologic 
disturbances. 

During the febrile phase, complete bed rest, mild 
sedation, maintenance of reasonably normal water 
balance (overhydration is to be avoided), and an 
adequate but b'ght diet are essential. The majority 
of patients in the hypotensive and oliguric phases 
do well on a conb'nuation of the same regimen, but 
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ihe severely ill require constant attention and often 
marJ-edly different therapeutic measures within 
short periods of time. Shock may develop rapidly 
and require prompt and acti%c measures. 

Once diuresis is established, special attention 
must be paid to adequate intake of Buid and elec- 
trolytes, since 3 to 0 liters of urine may bo ctcreted 
daily. The principal therapeutic measure during 
convalescence is concern^ ^Yith eseirise; the 
amount is increased part passu with the recovery of 
concentrating cap.icity of the kidney. 

Preventive measures against hemoirbagfc fever 
are based on avoidance of trombieulid mites, which 
are assumed to be the vectors of the disease. These 
measures are concerned vv’ith (1) tlie use of insect 
repellents for impregnation of clothes (benzyl ben- 
zoate) and application to exposed skin surfaces 
(climeth)I phthalate), (2) clearing of all vegetation 
from camp sites (bulldozing) and treatment of the 
area with residual insecticides sucli as Imd.ine, and 
(3) rodent control in and about camps by means 
of xodenlicldes. 

Prognosis. The disease varies greatly in severity. 
In some patients it is so mild as to make the diag- 
nosis difficult, indeed, many suspected cases arc not 
confirmed because they fail to develop the typical 
renal manifestations, vet some of the patients witli 
such cases undoubtedly arc infected with the agent 
o! epidemic hemorrhagic fever. About 20 per cent 
of the patients in ulioin the disease is diagnosed 
become critically ill The following factors con- 
tribute to the severity and influence the prognosis 
unfavorably: delayed initiation of medical care, 
prolonged higii fever, excessive fluid intake, pro- 
longed or recurrent shock, persistent hemocon- 
ccntralion, anuria, and progressive severe electro- 
lyte disturbances The faulty rate In C.WS among 
American soldiers In Korea was between 5 and 7 
per cent. 
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OAf? DENGUE 

Bobert H. Wagner 

Definition. Dengue is an acute viral disease char- 
acterized by a diphasic course, fever, myalgia, mor- 
billifonn rash, transient personality dianges, and 
leukopenia 

Epidemiology. The infection is transmitted by 
Aedes aegt/pfl and other species of Aedcs mosqui- 
toes, which harbor the virus tliroughout their lives 
but do not pass it on to their offspring. Man and 
monkeys constitute the only knowm reservoirs of in- 
fection, Dengue is endemic in tropical and sub- 
tropical areas where mosquitoes survive through- 
out the year. Summer epidemics have occurred in 
the United States, particularly in port cities, but the 
climate of this country is not favorable for the 
establishment of endemic foci The epidemiologic 
characteristics of dengue closely resemble those of 
yellow fever; the two diseases also have a similar 
geographic distnbution, except in southeast Asia, 
where dengue is prevalent but jellow fever is un- 
known. 

Etiology, Largo quantities of virus are present in 
the blood during the early ph.ase of the disease. 
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Although little is knouTi of the pathogenesis of the 
disease or the site of virus muUipUcalion, micro' 
scopic examination of skin biopsies suggests involve- 
ment of capillary endothelium in. the infectious 
process. Virus isolated directly from man or mos- 
quitoes is infectious for volunteers but is not patho- 
genic for laboratory animals and produces no inclu- 
sion bodies or other recognizable lesions. During 
the Second World ^Var, Sabin and Schlesinger dem- 
onstrated that dengue virus produces fatal en- 
cephalitis in sucklmg and adult mice after repealed 
brain passages. Mouse-adapted virus has been 
cultivated in tissue cultures of monkey kidney 
epithelium. Four related antigenic types of dengue 
virus have been described, of which type 1 
(Hawaiian strain protot)’pe) and type 2 (New 
Guinea "C" strain pTOtot)'pe) appear to be the 
most prevalent. Dengue virus is classified with the 
group B arbor (arthropod-borne) viruses because 
of its biologic and antigenic similarity to the viruses 
of yellow fever and Japanese, West Nile, and St. 
Louis encephalitis. 

Manifestalioos. The incubation period is usually 
5 to 9 days, with a range of 3 to 15 daj>s. About 
half the cases have a sudden and dramab'c onset, 
with chills or chilly sensations, profuse diaphoresis, 
and temperature elevation of 102 to lOO^F. Pro- 
dromal symptoms of malaise, anorexia, and lethar^ 
precede the fever in mUder forms of the disease. 
Severe frontal headache, retroorbital pain, and ex- 
cruciating low backache are almost invariably pres- 
ent. Dengue is popularly known as "bteakbone fe- 
ver," because of incapacitating pains in the mus- 
cles and periarticular tissues of the extremities in 
more than half the cases. The majority of patients 
experience nausea, constipation, and disturbances 
of taste and smell in the early phases; diarrhea may 
be present late in the course. Agitation and in- 
somnia alternate \vith depression and fitful sleep. 
A primary rash, consisting of blotchy erjiherna or 
flushing of the face, accompanies the initial tem- 
perature elevation in about a third of the patients. 
Moderate conjunctival and pharyngeal reddening 
may also be noted. The symptoms persist for 3 or 
4 days, following which the temperature falls by 
crisis or rapid lysis. A bright red morbilliform or 
punctate rash appears in three-fourths of the pa- 
tients on the third to sixth day of illness; the erup- 
tion starts on the dorsal surfaces of the hands and 
feet and rapidly attends over the trunk and face. 
Generalized lymph node enlargement is commonly 
encountered, but the spleen is rarely palpable. 

Many patients develop a secondanj rise in tent- 
perattire 12 to 72 hr after subsidence of the initial 
episode, producing the typical saddleback fever 
curve of dengue. All the symptoms return with in- 
creased intensit>'; delirium and depression may be 
particularly marked. Cold, mottled extremities, hy- 
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potension, bradycardia, and a dicrotic pulse may 
be noted during the second phase of the disease. 
The total duration of acute illness is usually 6 to 9 
days, but convalescence is often prolonged for sev- 
eral weeks by marked U’eakness, apathy, radicular 
pains, aching legs and back, and marked person- 
ality changes. A rare disturbance is transient loss 
of pupillaty accommodation owing to paralysis of 
the ciliary muscle of the eye. 

The incidence of complicailons varies in differ- 
ent epidemics. Jaundice occurs in less than 1 case 
in 100. Herpes labialis, otitis media, and broncho- 
pneumonia are uncommon. Bleeding tendencies are 
occasionally noted as manifested by purpura, pete- 
chial rash^, epistaxes, and hemorrhages from the 
intestine and vagina. Dengue viruses, particularly 
types 3 and 4, have been implicated as causative 
agents of epidemic hemorrhagic fevers of the Phil- 
ippines and Thailand, which occur almost exclu- 
sively in children under six years of age. The mor- 
tahty rate in hemorrhagic forms of the disease has 
been recorded as 10 per cent, but is consistently 
low in the absence of complications. 

Laboratory Findings. Complement-fixing and 
neutralizing anbbodies appear in the serum after 
the seventh day of disease. Leukopenia with counts 
of 2,000 to 5,000 cells per cu mm and "toxic" 
granulation of the polymorphonuclear leukocytes 
are constant features of the early phase of the dis- 
ease. Moderate leukocytosis often occurs during 
convalescence. Oliguria and proteinuria are com- 
mon with high fever. 

Differential Diagnosis. The sudden onset of chil- 
liness, fex'cr, and myalgia may simulate infiuenza, 
malaria, sandfly fever, and leptospirosis, but rash 
is uncommon in these diseases. Exanthematous 
xTral infections, such as measles, can usually be dif- 
ferentiated by their clinical course and epidemiol- 
ogy. Hemorrhagic dengue occurs in different geo- 
graphic areas and affects a younger age group than 
the epidemic hemorrhagic fevers of Northern Asia, 
Omsk hemorrhagic fever, and Kyasanur Forest dis- 
ease (see p. 1186). 

Treahnent. No specific treatment is available, 
but analgesics and sedatives afford symptomatic 
relief of pain and anxiety. Control of mosquitoes 
by sanitation and insecticides decreases the inci- 
dence of dengue in endemic areas. Dengue virus 
cultivated in mouse brain has been used as a liv- 
ing attenuated vaccine; unfortxmateiy, it causes 
mild dengue. 
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COLORADO TICK FEVER 

Ivan L. Bennett, Jr. 

Definition. Colorado tick fever (mountain fever, 
mountain tick fever) is an acute viral disease trans- 
mitted to man by the bite of the tick, Dermocentor 
tmdersoni. 

Etiology. The etiologic virus measures 35 to 50 
will survive for several days in unrcfrigeraled 
blood, and is lethal for suckling mice and for ham- 
sters. In the laboratory, it has been adapted to adult 
mice and cluck embry’os. 

Epidemiology. Although virus has occasionally 
been isolated from several species of ticks, the geo- 
graphic distribution of the disease ts that of D. 
anaersont, the only tick known to transmit the dis- 
case to man. All recognized cases have originated 
in California, Colorado, Idaho, Montana, Nevada, 
Oregon, Utah, Washington, or W)’oming. The sea- 
sonal incidence corresponds to that o! the tick pop- 
vslatiMv fsoTO MMch to J'iVj vAth a peak kv late 
May or early June An animal reservoir is suggested 
by the finding of antibodies against the virus in 
the serum of jack rabbits. Recovery in man is fol- 
lowetl by lifelong immunity. The disease occurs in 
tourists in the endemic area with annoying fre- 
quency, and in view of the Incubation period of 
3 to 6 days and the speed of modem travel, the 
disease can be espected to appear in any part of 
the United States. 

Manifestations. A history of exposure to ticks is 
almost invariable. After 3 to 6 days there is the 
abrupt onset of fever, occasionally with a rigor, 
myalgia, photophobia, intense headache, and pros- 
trating weakness Anorexia, nausea, and vomiting 
are tlie rule. Sustained fever with temperatures of 
102 to 104*F continues for 3 tlays, when a remis- 
sion of 2 or 3 days occurs. During this remission, 
body temperature is likely to be subnormal and 
patients are very weak and listless. In about 90 
'^per cent of cases, there is a second bout of high 
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fever lasting 3 to 4 days, usually even more severe 
than the initial illness. Monophasic attacks occur 
and, rarely, three bouts of fever have been noted. 
Recovery is usually uncomplicated, allliough per- 
sistent asthenia is often a problem. Rash, spleno- 
megaly, and lymphadenopathy are not a part of 
this disease. 

In children, the disease has been accompanied 
by encephalitis, occasionally very severe, and a 
v-aricty of transient neurologic abnormalities in- 
cluding the picture of "aseptic meningitis” can oc- 
cur but none is common. 

There is serologic evidence that subclmical in- 
fection occurs in man. It has been reported thnt 
peculiar ulceration that is slow to heal can occur 
at the site of the infected tick bite, but this is not 
invariable and, conceivably, has nothing to do with 
the disease. 

Laboratory Findings. The peripheral leukocyte 
count (alls to levels of 2,000 or 3,000, being lovv- 
est during the relapse. Although the proportion of 
jwlyinorphonuclear cells is low, there is a shift to 
the left. Virus Is present in the blood throughout 
the illness, including the remission. Antibody inj»y 
not appear for several weeks, but usually a sero- 
logic confirmation of the diagnosis can be obtained 
within 2 weeks. 

Diagnosis. A history of exposure to ticks in the 
geographic areas mentioned, biphasic fever, and 
severe leukopenia make the diagnosis evident its 
illness progresses. Initially, Rocky Mountain spottetl 
fever, influenza, psittacosis, and several other dis- 
eases may be suspected. Despite its resemblance 
to dengue, the absence of rash and the completely 
different distribution of the disease make the diffef- 
entiabon a rare problem. 

Treatment, There is no treatment other than 
sedation and the use of analgesics. In the rare in- 
stances of encephalitis, appropriate supportive ther- 
apy IS, of course, indicated. 

Prognosis. Recovery is complete altliough it ma)’ 
be prolonged by asthenia. With the possible excep- 
tion of one reported case of encephalitis in a child, 
no deaths h.ave occurred. 
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PHLEBOTOMUS FEVER 

lean L. Bennett, Jr. 

Definition. Phlebotomus fever (sandfly, pappa- 
taci, or 3-day fever) is an acute viral infection char- 
acterized by fever, severe headache, conjunctivitis, 
general malaise, and leulcopenia transmitted to man 
by the sandfly, Phlebotomus papatasii. 

Etiology. The size of the virus is estimated at 
40 to 60 m/t. In frozen or Ijophilized states the 
virus has been preser\’ed for many years. Several 
strains have been isolated and appear to be im- 
munologically different, as evidenced by lack of 
cross immunity in inoculated volunteers. 

Epidemiology. The disease is endemic in those 
parts of Europe, Africa, and Asia between 20 and 
45° north latitude where the vector P. papatasH 
propagates. It occurs during infancy and childhood 
as a rnild febrile illness and is usually not recog- 
nized as a distinct clinical entity. However, out- 
breaks among military personnel and other immi- 
grants who move into endemic areas occur with 
disturbing severity. Patients are infectious for the 
sandfly 1 day before the onset of fever and 2 days 
after the onset. The reservoir of the virus during 
the winter is not knouTi. 

Manifestations. After an incubation period of 2 
to 6 days, there Is sudden onset of malaise, giddi- 
ness, pains in the back and extremities, severe 
headache (usually frontal), and pain in the eyes. 
Fever » always present and lasts for 2 to 4 days. 
Tho temperature may rise to 104.5°F within tfie 
first 24 lu and then gradually subsides. Tlie pulse 
rate is fast at first but returns to normal more rap- 
idly than the temperature, and a bradycardia often 
occurs during convalescence. An erythema occurs 
on the face and exposed parts of the neck and 
chest, but no true rash develops. The conjunctivas 
are injected, and the eyeballs are tender. The con- 
junctival injection is sometimes limited to the ex- 
posed portion of the eyeball, so-called Picks sign. 
Convalescence is characterized by prostration and 
occasionally by mental depression, diarrhea, and 
epistaxis. Splenomegaly and lymphadenopathy are 
not observed. 

Laboratory Findings. A leukopenia with a pre- 
dominance of neutrophflic leukocytes, many of 
which are immature, is present, and there is a de- 
crease in lymphocytes. The greatest drop in the 
leukocyte count occurs at the end of the febrile 
period. The urine is normal, and there is no labo- 
ratory evidence of liver damage. The cerebrospinal 
fluid is normal. 

Differential Diagnosis. The diagnosis usually is 
made on clinical and epidemiologic grounds and is 
suggested by the occurrence of fever of short dura- 
tion during the hot, dry season in countries known 


to harbor the vector. Phlebotomus fever is some- 
times confused with dengue, influenza, infectious 
hepatitis, and malaria. It differs from dengue in 
the short duration of the fever and the absence of 
rash and lymphadenopathy; from influenza by its 
seasonal incidence and the absence of catarrhal 
symptoms; from infectious hepatitis by the absence 
of jaundice and by normal liver function tests. 
Cases are often misdiagnosed as malaria, but no 
chills occur, and blood films are negative for para- 
sites. 

Treatment. No specific therapy is knoivn. Con- 
trol measures consist of eradicating the vector 
within 100 to 200 m of living quarters. DDT re- 
sidual spray is successful in killing P. papalasii at 
its breeding site and within habitations. 
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WEST NILE FEVER 
Robert R. Wagner and 
Ivan L. Bennett, Jr, 

Definition. This acute febrile illness closely re- 
sembles dengue in its clinical manifestations and 
is caused by a group B arthropod-borne (arbor) 
virus. 

Etiology. West Nile sirus is one member of the 
large family of group B arbor viruses (seep 1194). 
Its biologic and immunologic similarities to the vi- 
ruses of Japanese, St. Louis, and Murray Valley 
encephalitis suggest that all these agents are de- 
scended from a common ancestor. 

Epidemiology, The geographic distribution of 
West Nile virus includes Africa, the Near East, and 
parts of India. The endemic focus probably centers 
around Egypt, which vvas the site of the first iso- 
lation of this virus in 1937, but the most wide- 
spread epidemics have occurred in Israel since 
1950. The best available evidence on the ecology 
of West Nfle virus implicates birds as the reservoir 
of infection and culicine mosquitoes as the vectors. 
Although human infection is characterized by v4- 
remia, mosquitoes probably Imnsmit tlie disease 
only from birds to man rather than from man to 
man. West Nile virus is said to be responsible for 
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almost tiiree-fourlhs of all summer febnJe illnesses 
among children and joung adults in Israel. Large- 
scale epidemics are less common in Egypt because 
a major segment of the population has acquired 
immunity through infection in early childhood. 
Many of these infections are asymptomatic even 
ivhen virerala is demonstrable. 

Manifestations. After an incubation period of 2 to 
C days, the disease usually starts abruptly with fe- 
ver and a temperature that reaches 101 to 105®F. 
Approximately one-third of adult patients experi- 
ence shaking chills. Pronounced weakness and fa- 
tigue are almost invariable from tlie onset, and some 
patients may exhibit profound prostration. Fre- 
quent early complaints are severe frontal headache 
and retroorbltal pain accentuated by eye move- 
ments. Generalized myalgia, backache, and ab- 
dominal pain also occur in varjnng degrees and 
combinations. In some outbreaks, gastrointestinal 
s)iiiptoms of anorexia, nausea, vomiting, and di- 
arrhea are quite prominent, whereas respiratory 
symptoms of mild sore throat and cough are less 
usual. Physical examination often reveals a flushed 
face and conjunctival and pharyngeal injection. 
Rash appears 2 to 5 days after onset in about half 
of the proved cases and disappears without des- 
quamation or residual skin discoloration in several 
hours or several days. The rash vs usually confined 
to the upper trunk and consists of pink disaete 
macules or diffuse erythematous mottling. One of 
the most prominent findings is generalized lymphad- 
enopathy that persists for weeks after conw-iles- 
cence. Splenic end hepatic enlargement in.ny also 
occur but are much less common 

In 3 to 5 days after onset, rarely as long as 2 
\N eeks, the symptoms abate and defcn-escence oc- 
curs by crisis or lysis Occasion-iIIy, the course is 
biphasic with recrudescence of acute symptoms 
alter a brief afebrile period Recovery has invari- 
ably been complete except for persistent weakness 
in some cases. The only noteworthy complications 
have been tlie rare occurrence of aseptic meningitis 
in the naturally acquired disease and severe en- 
ccplialitis in patients with advanced cancers un- 
dergoing therapeutic trial of artificially induced 
West Nile fever. 

Laboratory Findings. West Nile virus can often 
be isolated from blood dunng the first day or tw'D 
of illness. Complcment-fi-xing and neutralizing anti- 
bodies appear in the serum within 2 weeks. In 
common with infections caused by other arbor vi- 
ruses, leukopenia is a usual finding during the 
acute phase of West Nile fever. 

Differential Diagnosis. Only knowledge of its 
geographic distribution serves to diiTerenfiatc West 
Nile fever from dcnguelike infections caused 1^ 
other arbor viruses (see p. below). 
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EXOTIC VIRAL FEVERS 
Ivan L. Bcnneit, Jr,, and 
fioherf R. Wagner 

Most viral infections of man are asymptomatic. 
This epidemiologic observation has been called the 
"iceberg phenomenon," an analogy to tlie small 
number of clinically apparent cases and the sub- 
merged or inapparent majority. An extreme exam- 
ple of this dichotomy has been reported in epi- 
demics of St. Louis and Japanese B encephalitis 
in which neurologic tbsorders occur approximately 
once in every 500 serologically proved infections 
By far the commonest manifestation of viral in- 
fection is a grippelike syndrome that is virtually 
indistinguishable from influenza, dengue, or non- 
paralytic polioniyelitis The enteroviruses and arbor 
viruses, in particular, often cause brief, nondescript, 
febnie illnesses, some of which tend to be biphasic. 
The first, or minor, phases are usually simihr and 
coincide wjih the stage of viremia. The second, or 
major, phases are sometimes associated witli severe 
damage to tissues, especially the central nervous 
system, but such serious illness is the rare excep- 
tion rather Uian the riile. Poliomyelitis and other 
cnferoviral infections are described in other chap- 
ters, as are the more widely recognized diseases 
caused by arbor viruses. The purpose of this chap- 
ter is to direct attention to the discovery of an 
ever-expanding list of v'iniscs that produce febnie 
diseases. Some appear to be world-wide and others 
are found in restricted tropical locales. Mention can 
be made only of those which have aroused spcci.il 
iotcrest and seem to be of the greatest potential 
significance. Table 210-1 lists some selected arbor 
viruses under tlie disease syndromes with which 
they are usually associated. 

GROUP A ARBOR VIRUSES 
The viruses of eastern and western equine en- 
cephalom^lilis are indigenous to the United Slates 



OTHER SYSTEMIC VIRAL DISEASES 


CHAP. 210 1193 


Tahh 210-1, synpromes rnoDucED by uaatAN infection with ARTireoroD-BonKE (arbor) viruses 
(X signifies tho«e serologically unclassified os A, D, or C) 


SjTidrome 

Virus 

Secoiogle 

group 

Locality 

Vector 

Fever, prostration, headache, 

Venezuelan equine 

A 

Trinidad, South America 

Mosquito 

local and general myalgia 

Mayaro 

A 

Trinidad, South America 

Mosquito 


Ururaa 

A 

Bolivia 

? 


WesselsbroD 

B 

South Africa 

Mosquito 


Zika 

B 

Nigeria, Uganda i 

Mosquito 


Oriboca, Marituba, Aped, 
Itaqui 

C 

Brazil 

Mosquito 


Bunyamwera 

X 

Africa, South America 

Mosquito 


Bwamba 

X 

Africa 

? 


Guama 

X 

Brazil 

'Mosquito 


Phlebolomua 

X 

Mediterranean 

Sandfly 


Colorado tick fever 

X 

Western United States 

Tick 

Fever, prostration, headache, 

Chikungunya 

A 

Africa 

Mosquito 

joint pains, Task 

O’nyong-nyong 

1 A 

1 Africa 

Mosquito 

Fever, prostration, headache, 

Dengue I and 2 

B 

World-mde (tropics) 

1 Mosquito 

local and general myalgia, 
ra«A, lirmphadtTuypathy 

West Nile 

B 

Africa, Near East, India 

Mosquito 

Fever, prostration, headache, 
local and geneial myalgia, 

Cliikungunya (?) 


Thailand 

Mosquito 

Dengue 3 and 4 


Thailand, Philippines 

Mosquito 

hcTnoTrkage 

I\ya«aniu- Forest disease 


India 

Tick 


Omsk hemorrhapc fever 


Siberia 

Tick 


Argentinian hemorrhagic 
fever 


Argentina 

Mite (?) 


Crimean hemorrhagic fever 


South Russia 

Tick 

Encephalitis and meningo- 
encephalitis 

Eastern equine 

A 

North and South America, 
Philippines 

Mosquito 


Western equine 

A 

North and South America 

Mosquito 


Venezuelan equine A (rare) 

A 

IVinidad, South America 

Mosquito 


Japanese B 

B 

Asia, Australia, Indonesia 

, Mosquito 


Murray Valley 

B 

Australia, New Guinea 

Mosquito 


St. liOius 

B 

United States, South Amer- 
ica, West Indies 

Mosquito 


Ilheus 

B 

South and Central Amer- 
ica, Trinidad 

, Mosquito 


Fawassan 

B 

CanacLa 

Tick 


Ru^ian spring-summer 

B 

Russia 

Tick 


Central European encephali- 

B 

Central Europe 

1 Tick 


Dipliasic meoingoCDcephalitis 

B 

Russia 

Tick (milk) 

Hepatitb, nephritis, etc. 

Yellow fever 

B 

South America and Africa 

Mosquito 


Rift Valley fever 

X 

Africa 

Mosquito 
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man by mosquitoes. It is also the most infectious 
of all lmo\vn \iruses by the respiratory route when 
artificial aerosols are created in the laboratory. De- 
spite its name, the Venezuelan virus usually cau^ 
an acute febrile illness without overt meningoen- 
cephalitis m man. The onset of the disease is In- 
variably abrupt with severe headache and tem- 
perature that may reach 105*F. Shaking chills, 
generalized myalgia, lethargy, and prostration are 
very common manifestations. Nausea, vomiting, 
and diarrhea occur less frequently. A few patients 
exhibit blurred vision and somnolence. Important 
laboratory findings are viremia and m.irJ;ed leuko- 
penia with relative IjTnpliocytosis. Accidentally in- 
fected laboratory workers have all recovered un- 
eventfully, but a few deatlis from encephalitis have 
occurred during epidemics of the naturally acquired 
disease. 

Semhki Foresl virus, which xvas first Isolated in 
1944 from mosquitoes in East Africa, is the proto- 
tj’pe of another subgroup of arbor A viruses. An 
In.portant related vims is the causative agent of 
ChilufigHiif/a fever which is responsible for major 
epidemics in East and South Africa. This disease 
begins very abruptly u’ithout prodromal symptoms 
and reaches its peak seventy within minutes or 
hours The temperature ranges from 102 to 103*F 
and IS often accompanied by true rigors. The most 
Tomincnt manifestation is excruciating pain in the 
ack and m tlie joints of the extremities xvhich 
forces the patient to assume a jackknifed, immo- 
bilized position. Chikungunya means ‘‘doubled-up" 
in an African dialect. Anorexia, nausea, vomiting, 
dianhea, and abdominal pain occur in some pa- 
tients, but, surprisingly, headache and eye pain are 
absent or mild The initial symptoms last I to 6 
d.n)s and arc followed by a brief afebnie period. 
In most cases there is milder recrudescence with fe- 
ver and a maculopapular, pninlic rash which is 
characteristic of the second phase of the disease. 
All patients haxc recovered, but some experience 
recurrent, crippling joint pains for several months. 

O'nijang’iiijong fever is a similar viral disease 
which was first reported in 1980 to have affected 
almost one million persons in Uganda and other 
parts of East Africa The causative virus is more 
closely related to Semliki Forest than to Chikun- 
gunya and is transmitted by various species of 
Anopheles mosquitoes. O'nyong-nyong fex’cr is a 
nonfatal illness of short duration characterized 1^ 
fc\er, headache, agonizing joint and back pains, 
itching rash, and lymphadenopathy. 

The Soulli American representative of the Sem- 
bki Forest-Chikungunya subgroup of group A 
arbor viruses is Matjaro virus, which has been iso- 
lated in the British M’est Inches, northeast Brazil, 
Colombia, and Bolivi.!. Tliis virus causes an iDness 
which lasts 2 to 6 days and is characterized by 


fever with a temperature to 103®F, severe frontal 
headaclie, backache, arthralgia, nausea, vertigo, and 
ocrasionally, Heeling jaundice. 

CROUP B ARBOR MRUSES 

The most common and widespread of the insect- 
transmitted viral infections of man are caused by 
arbor viruses of group B. AU produce relatively 
benign febrile diseases. However, most clinicalJj’ 
apparent infections with viruses of the lapancse 
B-St. Louis-Murratj Valley subgroup are associated 
with manifestations of eocephalitis Tlie dcnguelike 
illness caused by the related West Nile vims is 
considered on p. 1191. Dengue viruses themselves 
are also classified in group B but are more closely 
related to yellow fever virus. Group B viruses of 
the tick-borne complex, the prototype of which is 
Russian spring-summer encephalitis, are usually as- 
sociated with hemorrhagic fevers or encephalitis 
and are described elsewhere (see p. 1158). How- 
ever, each of these latter agents can also cause 
Blnesscs that resemble influenza or dengue. In par- 
ticular, louping ill, an infection of sheep in Scot- 
land, and biundulant milk fever, which is con- 
tracted in the Soviet Union by drinking imlk of 
infected goats, tend to produce less severe human 
illness manifested, primarily, by monophasic or bi- 
phasic fever and myalgia. Many other group B 
viruses have been reported to be responsible for 
short-term fevers and are potentially Important hu- 
man pathogens; these include Ziks and Nlaya vi- 
ruses of Uganda. Wesselshron virus of South Africa, 
which also causes abortion in sheep, and Jlheus 
virus of South and Central America. 

AUSCELLANEOUS ARBOR VIRUSES 
INCLUDING GROUP C 

Since 2955 there have been increasing numbers 
of reports indicating that sporadic febnle diseases 
among inhabitants of tlie Brazilian jungles border- 
ing the Amazon and Para Rivers are caused by re- 
lated arbor viruses now classified as group C< These 
agents represent four serotypes named for the lo- 
cahties in which they were first isolated: Oriboca, 
Marituba, Apeii, and Itaqui viruses. 

Symptoms of infection with group C viruses usu- 
ally last only 2 or 3 days. The most prominent 
manifestations are temperature of 102 to I05'F, 
headache, joint and muscle pain, conjunctivitis, 
photophobia, vertigo, nausea, and vomiting. 

Other arbor viruses that are unrelated immuno- 
logtcally to groups A, B, or C are also ctiologic 
agents of febrile disease in man. Among this un- 
classified group are the viruses of phlchatomus 
fever (p. 2191) and Colorado tick fever (p. 1190). 
Another important arthropod-borne viral infection 
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of East Africa is Rift Vallctj fever, or enzootic hqia- 
litis of sheep and cattle. The Rift Valley virus also 
infects man and can cause a severe, but usually 
nonfatal, biphasic illness of a few days’ duration. 
It is characterized by high fever, chills, prostration, 
incapacitating joint and muscle pain, gastrointes- 
tinal symptoms of vomiting and abdominal pain, 
and marked leukopenia. Unusual complications of 
Rift Valley fever are hemorrhagic retinopathy and 
macular edema which come on days or weeks after 
fever has subsided and can lead to permanent vis- 
ual impairment. 

Serologic surveys indicate that other unclassified 
arbor viruses are widespread throughout East and 
West Africa, including the unrelated viruses of 
Bwamba fever and the Buntjamwera group. The 
few human cases proved by virus isolation exhib- 
ited sudden onset and short duration of fever, head- 
ache, and backache. The Gtiama viruses of Brazil 
also form a separate group and are causative agents 
of a similar infiuenzahke illness. 


VIRUSES OF THE 
ENCEPHALOAnOCARDITIS GROUP 
These agents are not classified as arthropod- 
borne viruses, although, their biologic and physical 
properties are similar, and one of them has been 
isolated from mosquitoes. The viruses that com- 
prise the encephalomyocarditis group include 
encephalomyocarditU, Columbid'SK, MM, and 
Mengo; all four are identical immunologically and 
differ only slightly in their pathogenicity for labo- 
ratory animals. Serologic surveys indicate that 
asymptomatic human itifection occurs in approxi- 
mately 3 per cent of persons in some regions of the 
United States and other countries. The reservoir and 
mode of transmission are unknown, but these vi- 
ruses have been isolated from the mongoose, chim- 
panzee, monkey, squirrel, and cotton rat. The few 
serious or fatal human infections proved by virus 
isolation have been diagnosed clinically os menin- 
goencephalitis, poliomyelitis, and the GuiIIain-Barr6 
syndrome. Myocarditis has not been described in 
man. Encephalomyocarditis virus was implicated 


as the causative agent of an epidemic among Ameri- 
can troops in the Phih’ppines which took the form 
of a relatively benign disease knoivn as “3-day fe- 
ver.” Some of these patients presented with a den- 
guehke illness characterized by sudden onset of 
fever with temperatures to 104®F, severe headache, 
mj^Igia, and pharyngitis. Others e-\hibited aseptic 
meningitis with lymphocytic pleocytosis. 
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AMEBUSIS 

luan £i. Bennett, Jr. 

Definition. Amebiasis in an infection of Uie large 
intestine produced by Endamoeba hlsiohjttca. The 
infection is an asymptomatic carrier state irr most 
individuals, but disease ranging from chronit^ mild 
diarrhea to fulminant dysenterj' is frequently pro- 
duced. Among cxtraintestinal complications, the 
commonest is hepatic abscess, whidi may rupture 
into peritoneum, pleura, lung, or pericardium. 

Eliolos>’< There are at least six different species 
of atneba that parasitize the mouth and intestine 
of man. Of these, E. histolytica is the only one tlial 
causes disease and £. coli is the species witli which 
It is most likely to be confused in examination of 
stools. 

Endamoeba histolytica exists in the colon as the 
motile trophozoite and nonmotile c)’sl. The stools 
of symptomatic amebiasis contain trophozoites; 
cysts predominate in stools of the carrier slate. The 
important distinguishing features of T. histolytica 
trophozoites are their very active motility, their in- 
gestion of erythrocytes, and the sparsity of vacuoles 
and ingested bacteria within them. The c)'st$ of 
pathogenic amebas possess thin walls and contain 
rivo thick chromatoid bodies, those of E. coh are 
thick-walled and tlie chromatoid bodies arc thin 
and pointed. 

Endamoeba histolytica strains have been classi- 
fied into large and small races, depending upon 
whether they form cysts measuring more or less 
tlian 10 in diameter. While it is possible that 
small strains (sometimes called £. hartmanni) are 
somewhat less likely to produce symptoms tlian are 
the h-irge strains, cyst size is apparently unstable 
and the often-heard statement that small strains arc 
nonpathogenic for man is not justified. 

Endamoeba liistolytica occurs normally in the 
intestines of a few dogs, monkeys, and rats; these 
animals, rabbits, and kittens can also be infected 
experimentally. Amebas can be cultivated in artifi- 
cial media, a procedure that is occasionally useful 
in diagnosis With rare exceptions, tlie presence of 
bacteria in the culture medium is a prerequisite to 
multiplication of the protozoa. 

Epidemiology. Because trophozoites die rapidly 
after leax’ing the intestine, the infection is acquired 
m the vast majority of instances by ingestion of tlie 
more resistant cjsts. Cases of amebic dysentery, 
therefore, arc quite unimportant in transmission of 
■<5vll96 


the disease, asymptomatic cyst passers being the 
source of nexv infections. Amebic infection is world- 
wide, although both s)Tnptomatic and subcimical 
infection are somewhat more frequent in tropical 
areas. Figures obtained from local and admittedly 
incomplete surx-eys indicate that the average in- 
cidence of asymptomatic carriers is 10 per cent jn 
Europe and the United States, 16 per cent in Asia, 
and 17 per cent in Africa, with great variation, 
particularly in tlie tropics. Cyst passers are more 
frequent among children and the inmates of in- 
stitutions. 

Cases of amebic dysentery are usually sporadic 
but epidemics, usually xx’ater-bome, have occurred. 
Outbreaks of amebiasis are never explosive, as are 
those produced by pathogenic intestinal bacteria, 
and may not be recognized for several weeks. The 
cysts are often transmitted by vegetables in coun- 
tries where human excreta is used ns fertilizer, and 
flies are capable of contaminating foodstulls. 

Symptomatic amebiasis is unusual below the ago 
of 10 years in temperate climates, and both in- 
testinal and hepatic lesions predominate in adult 
males to an extent that is not explainable solely on 
the basis of different rates of exposure to infectioa- 

Pathogenesis and Anatomic Clmnges. After in- 
gestion, cysts pass through the stomach unclianged- 
In the ileum, the cyst wall disintegrates and. 
cvenlually, eight trophozoites result. These imma- 
ture amebas pass to tlie colon, where they attack 
the mucosa and dinde by binary fission. Mucosal 
lesions too tiny to be detected probably occur in 
all infections. Tlie sites of involvement in order of 
frequency are cccum and ascending colon, rectum, 
sigmoid, appendix, and terminal ileum. 

The factors responsible for the development of 
ulceration extensive enough to cause symptoms in 
some indis'iduals are not understood. Obviously, the 
virulence of the infecting strain is important, but 
this alone is insufficient to explain the occurrence 
of disease in only a small percentage of subjects 
e.xposcd naturally to the same strain or in a minority' 
of volunteers fed cysts from a single source. Certain 
experimental findings suggest strongly that the 
bacterial flora of the intestine may be a major 
determinant of tlie extent of amebic disease. The 
symbiosis behveen bacteria and amebas in artifidal 
media has been mentioned. ^Vhen 200 strains were 
cultured and tested for virulence in rabbits, dise.ise 
was produced by only 4 per cent groMTi without 
bacteria, by 35 per cent grown with a single bac- 
terial species, and by 85 per cent grown with a 
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mbcecl culture of several different bacteria. Germ- 
free animals eannot be infected with E. histolytica 
but become susceptible if the intestine is Bisl al- 
lowed to acquire a normal complement of bacte- 

Amebic ulceration of the intestinal wall is quite 
characteristic. A relatively small mucosal defect 
overlies a much larger, burrowing area of necrosis 
in the submucosa and muscularis, producing a 
bottle-shaped lesion. There is little or no acute in- 
flammatory response to the damage, and, in con- 
trast to the picture in bacillaiy dysentery, the 
mucosa beriveen ulcers is normal, without hy- 
peremia. In the cecum and sometimes elsewhere, 
chronic infecb'on leads to the formation of large 
masses of granulation tissue. Amebas can enter the 
portal circulation and lodge in venules; liquefaction 
necrosis of liver tissue leads to the formation of an 
abscess cavity. Rarely, embolization results in lung, 
brain or splenic abscess. 

Because trophozoites in histologic sections of 
liver or intestine are usually seen lying free in small 
spaces, it is often postulated that E. histolytica de- 
stroys tissue through the elaboration of a “cytolytic 
ferment." Not only is there no evidence whatsoever 
that such a cytolytic substance exists, but the 
histologic appearance is simply a shrinkage artefact 
that occurs with fi.xation. 

Chronic Amebic Dysentery, hiost patients Avith 
this commonest type of amebic disease cannot date 
the onset of illness accurately. There is usually in- 
termittent diarrhea consisting of from one to four 
foul-smclUng stools daily, sometimes containing 
mucus and blood, alternating with periods of rela- 
tive normality for months or years. Vague ab- 
dominal cramping, weight loss, and mild fever are 
frequent. In such cases of “walking dysentery” the 
only Bndings are wasting, occasional mild hepato- 
megaly with some tenderness (not indicative of 
hepatic abscess), and slight pain when the cecum 
and ascending colon are palpated. Sigmoidoscopy 
sometimes reveals typical ulcerations with nonnal 
inter\’ening mucosa, or mucosal defects may be 
demonstrated radiologically in the right colon. 
Specific diagnosis depends upon finding the organ- 
isms in the feces. 

Acute Amebic Dysentery. This type of amebiasis 
is unusual but was observed in several patients 
during the large epidemic in a Chicago hotel in 
1933 when massive contamination of the water 
supply occurred through defective plumbing; it is 
more likely to be seen sporadically in tropical areas. 
The onset is abrupt, vwtli high fever (104 to 
105®F), severe abdominal cramps, and profuse, 
bloody diarrhea with tenesmus. There is diSusc 
abdominal tenderness, often so scscre tliat peri- 
tonitis is suspected, tender hepatomegaly is very 
frequent, and sigmoidoseopy almost always demon- 


strates extensive rectosigmoid ulceration. Tropho- 
zoites are numerous in stools and in material ob- 
tained directly from the ulcers. 

Ameboma (Amebic Granuloma). Chronic infec- 
tion can lead to the production of large masses of 
granulation tissue in the colon. When the entire 
circumference of the intestine is mi’oh’cd, there may 
be partial obstruction and a tender, sausage-shaped 
mass is often palpable. Granulomas are most fre- 
quent in the cecum, where a palpable mass and 
radiologic demonstration of a ragged encroachment 
upon the lumen have often led to a mistaken diag- 
nosis of adenocarcinoma. A history of diarrhea with 
blood and mucus may be elicited, but this is com- 
patible svith the diagnosis of cancer also. The im- 
portance of searching for amebas in the feces of any 
patient with tiiese findings is very great because 
surgical inter>'ention in untreated ameboma can 
lead to fatal peritonitis or to perforation, pericecal 
abscess, and, eventually sinus formation with drain- 
age of feculent material through the abdominal wall. 
In addition to cancer, these lesions are likely to be 
confused with tuberculosis or actinomycosis. 

In the tropics, amebic ulceration of the appendix 
is responsible for a significant proportion of cases 
of appendicitis. Again, operative intervention is 
contraindicated before specific treatment. Tiic 
majority of deaths among tounsts infected during 
the 1933 Chicago epidemic were a direct result of 
laparotomy carried out for symptoms of appendi- 
dlis. The operations were performed in many differ- 
ent towns and cities after patients had returned 
home and before the significance of exposure to 
amebic infection at the Chicago hotel had been 
widely appreciated. 

Hepatic Amebiasis. The parasites usually reach 
the b'ver through the portal \em; rarely, they may 
traverse the lymphatic vessels. It was long believed 
that the amebas which lodged in the liver could 
produce a diffuse hepatitis which, if enough necro- 
sis occurred, would lead to frank abscess form-ition. 
Careful postmortem and biopsy studies indicate 
that the s}Tidroine of tender hepatomegaly, right 
upper quadrant pain, fever, and leukoc)tosis in 
patients with amebic colitis is not a result of the 
presence of amebas in hepatic tissues, is accom- 
panied by nonspecific periportal inflammation, and 
is rarely, if ever, a prelude to hepatic abscess It 
is evident, then, tliat these manifestations are best 
regarded as an accompaniment of colitis and do not 
merit a separate diagnosis of "diffuse amebic 
hepatitis.” 

Hepatic abscess may develop insidiously, wilh 
fever, sweats, weight loss, and no local signs other 
riian painless or slightly lender hepatomegaly. In 
other patients, there is abrupt onset, witli chills, 
fcvx!r to 103®F, nausea, vomiting, severe uppa 
abdominal pain, and polymorphonuclear Icukocy-^ 
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tosis. Initially, cholecystitis, perforated tilccr. or 
acute pancreatitis may be suspected. 

Almost invariably, amebic abscess is localized io 
the posterior portion of the right lobe of the liver, 
because this lobe receives most of the blood drain' 
ing tile right colon through the "streaming” effect 
in portal vein flow. This location is responsible for 
several features that aid in diagnosis. Point tender^ 
ness in the posterolateral portion of a lower right 
intercostal space is frequent even in tlie absence of 
diffuse liver pain. Most abscesses enlarge upward, 
producing a bulge in the diaphragmatic dome, 
obliteration of the costophrenic gutter, small hydro- 
thorax, basilar atelectasis, and pain referred to the 
right shoulder. Badiologieally, unruptured abscesses 
do not show a fluid level and calcification of the 
liver parenchyma is very rare. 

Needle puncture results in the withdrawal of 
"pus" which is nothing more than L'quefied, 
necrotic liver, the classic "clioeolate syrup” or “an- 
chovy paste" exudate, the pus contains no poly- 
morphonuclear Icuhocj-lcs (barring secondary bac- 
terial infection) and, usually, no amebas (the 
parasites are localized in the cyst wall). 

Hepatic abscess complicates as)’mptomatic infec- 
tion of the colon more often tlian symptomatic in- 
testinal disease, another factor making recognition 
dilBciilt. Trophozoites or cysts arc demonstrable in 
the feces of only about onc-cighth of patients with 
abscess, and feucr than one-half uiU recall signifi- 
cant diarrheal illness. 

Fleuropulmoiiary Amebiasis. The right pleural 
cavity and lung are involved by direct extension 
from the liver in 10 to 20 per cent of patients svith 
liver abscess. Earely, amebic lung abscess has 
resulted from embolization ratlier than from direct 
extension. 

Manifestations are those of massive pleural effu- 
sion; aspiration of drocolate fluid is diagnostic, or 
if the lung parenchyma is involved and perforation 
into a bronclnis occurs, patients expectorate large 
amounts of the typical esudate, some patients even 
commenting that tlie sputum "tastes hke Iher." 
Cough, pleural pain, fever, and leukocytosis are the 
rule, and seconclar)* bacteria] infection is frequent 
The trophozoites are rarely demonstrated in pleural 
fluid or sputum. 

Other Extralntcstinal Lesions. Hupture of liver 
abscess into the pericardium has occurred; these 
p.xtients are usually thought to have tuberoilous 
pericarditis. Peritonitis is a result of perfointion of 
colonic ulcer or rupture of liver abscess. Painful 
ulcers of the genitalia, perianal skin, or abdominal 
wall (draining sinuses), vaginitis, urethritis, and 
prostatitis are unusual compbeations resulting from 
extension of intestinal disease. Metastatic brain 
abscess is rare and an etiologic diagnosis is seldom 


made clinically. Splenic abscess has been reported 
but is very unusual. 

Diagnosis. In amebic dyscnfeiy, the demonstra- 
tion of trophozoites in feces can usually be accom- 
plished if specimens are collected properly and 
repeated examinations arc performed. Fresh speci- 
mens should be examined in saline solution using a 
warm stage. Fixation in polj'vinyl alcohol and 
staining with iron hematoxj’Iin constitute an men 
more accurate method, which permits detailed study 
in permanently mounted slides. 

Sigmoidoscopy, radiography, and above all, the 
recognition of the possibility of amebic etiology in 
patients with colitis or liver disease have already 
been emphasized. 

A most important diagnostic procedure in sus- 
pected liver abscess is a therapeutic trial of anti- 
amebic drugs. Response is often dramatic xvithin 
3 days; in view of the difficulty of demonstrating 
parasites in this condition, a trial of treatment should 
be instituted without hesitation. 

CuUivaiion of amebas from feces or pus is pos- 
sible but it is not practical in most laboratories. 
Serologic tests, including Uic much-cliscussed com- 
plement fi-xalion reaction, are still not reliable 
enough to be depended upon in diagnosis. 

Treatment. In patients with acute amebic dysen- 
tery, replacement of fluid, electrolyte, and blood 
losses, bed rest, and relief of pain and tenesmus 
with opiates are all important Tlicre is nothing 
specifically beneficial about components of diet 
per sc in acute or clironic amebiasis and patients 
sliouid be allowed to eat whalci’cr is tolerated. 

The numerous specific antiamebic dnigs indicate 
the lack of a single ideal agent. WTuJe a vast 
majority of patients arc eventually cured, initial 
improvement is followed by relapse so frequently 
that combinations of drugs and retreatment are 
necessary to attain many cures, especially in chronic 
infections. The following drugs are the most useful 
of those available: Diodoquin, an iodinated hy- 
droxyquinnline (1.9 Cm daily in three doses for 21 
days); Mdlbis, an arsenical (05 Cm three times 
daily for a week); emetine, a somewhat toxic 
ipecac derivative which kills trophozoites only (65 
mg daily by intramuscular inj'ecb'on for no more 
than 10 days); ehloroquine diphosphate (Aralen), 
which is effective only in hepatic disease, by vutue 
of its high concentration in the hver (1.0 Gm daily 
for 2 days, then 0.5 daily for 3 weeks); and 
Tcrromyefn, the most effective of the antibiotics 
(20 Gm daily for 10 days). 

For acute dtjsenlerij a combination of Diodoquin 
or Mihbis with Teiramycm gives good results Eme- 
tine will give rapid symptomatic relief and may be 
given for a few days initially; it should never be 
relied upon to eradicate infeebon of the bowel. 
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In chronic dysentery, emetine lias no usefulness. 

A combination of Diocloquin or Milibis and Terra- 
mycin should be given initially. In tropical areas, 
this is often followed by a course of Diodoguin and 
Milibis (or carbarsone, a somewhat more toxic 
arsenical), given in alternating weeks for 16 weeks 
to minimize relapse. Relapse should be expected, 
and montlily examination of stools should be carried 
out for at least a year. Relapse should be treated 
with a combination of Terramycin and another 
drug, just as they are given initially. 

Symptomatic response m intestinal disease is 
usually evident within 3 daj’S or even sooner with 
emetine. However, the goal is elimination of both 
trophozoites and cysts from the feces, and whether 
it has been reached can be determined only by 
examination. Diodoguin, Milibis, carbarsone, and 
Terramycin can all cause abdominal discomfort, 
cramps, or diarrhea, sometimes complicating evalua- 
tion of treatment. Milibis and carbarsone are con- 
traindicated in persons known to be sensitive to 
arsenic or to have renal or hepatic insufficiency. 

For hepatic or pulmonary amebiasis chlovoguine 
is distinctly the drug of choice, giving symptomatic 
relief within 48 to 72 hr and producing subsidence 
of surprisingly large abscesses. Terramycin is often 
given concomit.intly. Emetine is less effective than 
chloroquine but is sometimes useful, particularly 
for therapeutic trials. Failure to obtain a response 
calls for needling and drainage of the abscess, a 
procedure that will sometimes lead to subsidence. 
Surgical drainage is now infrequent but it should 
be resorted to if drugs and needle aspiration fail. 
The greatest hazard of needling or of open drain- 
age is secondary bacterial infection, which, in spite 
of antibiotics, still leads to death in many in- 
stances. 

Emetine possesses considerable toxicit)', produc- 
ing gastrointestinal discomfort, tremor and weak- 
ness, electrocardiographic abnormalities, and, with 
regularity, orthostatic hypotension. In patients 
with renal or cardiac disease, during pregnancy, 
and in children, it should be used only when all 
other drugs have failed. 

Prognosis. Complete cure of intestinal amebiasis 
occurs in 75 to 05 per cent of cases with Tepe.ilctl 
courses of therapy. The relapse rate is as high as 
33 per cent after a single course. Tlie fatality rate 
is less than 5 per cent. 

Hepatic and piilmonar}’ amebiasis arc still at- 
tended by appreciable mortality, but no reliable 
estimate of the percentage of de.aths is available. 

Prevention. For the individual, avoidance of con- 
taminated food and water, scalding of vegetables, 
and the use of iodine-releasing tablets in drinking 
water (chlorine, m the form of HaI.rrone, Is in- 
effective) arc important me.asurcs. Glob.ihnc tablets. 
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containing tetraglycine hydroperiodide, aie con- 
venient and effective. 

Improvements in general sanitation and the de- 
tection of cyst passers and their removal from 
food-handling duties are general measures in pro- 
phylaxis, but such segregation of carriers is rarely 
practiced. 
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MALARIA 
Ivan L. Bennett, Jr. 

Definition. Malaria is a protozoan disease* trans- 
mitted to man by the bite of Anopheles mosfltutocs 
Although it is now rare in the United StatcL »t re- 
mains one of the most prevalent infectious diseases 
throughout the world. Malaria is characterised liy 
rigors, fever, splenomegaly, anemia, and a chronic, 
telapsiu^ couxse. 

Etiology. The causative organisms ore pfotozoa 
of the genus Pfosmodium. The four species known 
to infect man do not produce disease m lou'cr ani- 
mals, alUiough many other species affecting .-inim.iis 
and birds are known. Flasmoditim licax causes ter- 
tian malaria; P. malariae causes quartan nral^ri.i, 
P. falciparum causes malignant tcrlhin (esfho- 
autumnal) malaria; P. ovale causes o\alc tertian 
m.alaria. a relatively rare and mild illness 

Man is the intermediate host and Uie mosguito 
the definitive host. In man, nftcr n stage of cto- 
eijthrocj tic development, the parasites reproduce 
ascxually in circulating erythrocytes. Tlicy first ap- 
pear in the red cclb as ring forms; after several 
dhistons, daughter cells (meroao/trs) fill tha cor- 
puscle, which ruptures and releases them to para- 
sitize odditional erythrocytes. W'itJi rcpclitiun of 
tills cycle, some of the red cells become filled "'ifli 
sexual forms (gnmcfori/tfs); these do not induce 
cell lysis and arc un.nble to undergo further devrl 
cqnncnt unless ingestctl by an appropriate mo^quilii 
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during a blood meal- In the stomach of the mos' 
quite fertilization occurs, and the resulting ookinete 
enc)sts on the outer surface of the stomach and re* 
leases myriads of sporozoites. These migrate to the 
salivary glands and, if inoculated into a human sub- 
ject, lead to repetition of asexual multiplication. 
There is variation in this cycle among different 
species, and ser’eral intermediate developmental 
stages occur. 

The asexual cycle in the er)'throc^*to requires 38 
to 48 hr for P. falciparum, 48 hr for P. ttoax and 
F. ovale, and 72 Iir for P. malariae. The periodicity 
of febrile parox)’sms in infections by the different 
species coincides with the cyclic discharge of roero- 
zoiles and infestation of new cells 

The incubation period behv’ccn bite of on in- 
fected mosquito and onset of siTuptoms is 10 to 14 
days in viva-x and falciparum malaria and 18 daj-s 
to 6 weehs in quartan infections. 

There is good evidence for the existence of sev- 
eral strains of each species of human malanal P/as- 
modium, and greater virulence of some strains is 
suggested by the consistent severity of the clinical 
Illnesses uhleh they produce. 

Epidemiology. Malaria survives only in areas 
where the mosquito and the infected human popu- 
lations remain above a critical dcnsitij for each. 
These critical densities are interdependent, but 
either may fluctuate m a guen area. Control meas- 
ures are oixected tou-ard reducing both populations 
to levels that arc too low for the infeebon to sur- 
vive Important procedures include drainage or fill, 
ing of breeding areas, use of residual insecticide 
sprays (this has largely replaced the use of oil or 
other antilaival measures), screening, use of skin 
repellents, effective treatment of cases, and large- 
scale suppiessive drug programs in some human 
populabons 

The disease remains highly prevalent in many 
parts of the uorld, and it is estimated that more 
than 200 million cases occur annually. An active 
international cooperative program of malaria con- 
trol has resulted in a significant decline in the in- 
cidence of the disease since 1945, and, despite the 
enormity of the remaining problem, many areas in 
South America, southern Europe, and Asia are now 
almost free of the infection. 

Manifestations. General. There is some variation 
in the clinical diseases produced by the different 
plasmodia, but in all, chills, fever, excruciating 
headache, muscle pains, splenomegaly, and anemia 
are common Herpes labialis is very frequent but 
usually appears only after the infection is well es- 
tablished. Hepatomegaly and mild icterus are often 
observed, especially in estivo-autumnal infci^ions. 
The hallmark of the disease is the malanal par~ 
ism which recurs at regular intervals in all but 
:-iparum infections. Tlie typical paroxysm begins 


with a rigor that lasts 20 to CO min ("cold stage") 
foUovvcd by a "hot stage" of 3 to 8 lir with tem- 
perature of 104 to 107®F. The "wet stage" consists 
of defervescence with profuse diapliorcsis, which 
leaves the patient weak and exhausted. 

First attacks of malaria arc often severe, but with 
repeated episodes S)Tnploms become milder, al- 
though debilitation may be progressive. There is 
good evidence for the development of immunity 
to malaria, but it is of a low order m so far as pro- 
tection against reinfection Is concerned. Negroes 
arc peculiarly insusceptible to P. vivax infections 

Tertian ^ta1aria (P. cicax or P. ocale). This 
infection is rarely fatal, allhougli rel.npses arc com- 
mon and it is the most difficult to cure. A prodrome 
of m}algia, headache, chilliness, and low-grade fc- 
ver for 48 to 72 hr heralds the onset of the typical 
paroxysms. Transient urticaria sometimes precedes 
each of the paroxv'sms which occur on alternate 
days, unless there Jias been double infection with 
two maturation cycles, in which case daily cliills 
can occur. Such double infections usually “synchro- 
nize" within n week, and paroxjsms then follow the 
classic tertian pattern. 

Quartan Malaria (P. malariae). In this infection, 
paroxysms occur every third day, unless multiple 
infection alters the cycle initially and diiUs occur 
on 2 out of 3 d.'iys or even daily until (ho cj'clcs 
syncluoniie. Quartan malaria is usually a more dis- 
abling infection than tertian but responds well to 
treatment. Edema, albuminuria, and hematuria (not 
hemoglobinuria), a clinical stale similar to acute 
hemorrhagic nepbrStis, occasionally appear during 
the course. This complication should not be -con- 
fused with blackuater fever. 

EsIiohAulumnal Malaria (P. falciparum). This 
IS a severe disease. The org.inisms are present in 
enormous numbers, and there is a striking tcmlcrcy 
for agglutinated masses of parasitized erjlhroc) tes 
to block capillaries tlirougliout the body, producing 
localizing signs lh.nt mimic many other disc.ises 
There is often "asyndironization" of the c)clc of 
multiplication; tj-pical malarial parox)5ms occur, 
but continuous, remittent, or irregular fever is pres- 
ent in many cases, and illness can be const.int. 

Tile course of unconiplic<itcd estivo-auhiniTial 
malaria is ordinarily milder than that of tertian or 
quartan infections However, c.ipillaiy blockage by 
the parasites can giv’e rise to serious, even fatal, 
complications and it is this feature of P. falciparum 
infections that accounts for the protean minifesta- 
tions of estivo-autumnal malana, and the relatively 
high morbidity and mortality associated with it. 
Depending upon the organ system Involved.-scveral 
so-callcd pernicious syndromes are seen. Cerebral 
malana can lead to hemiplegia, convulsions, de- 
linum, hyperpjTCxia, coma, and rapid death. Wlicn 
the pulmonanj circulation is involved, there may 
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be cough and blood-streaVed sputum, leading to 
confusion with many other diseases of the lung. 
The splanchnic capillaries can be obstructed, with 
consequent vomiting, abdominal pain simulating 
appendicitis, severe diarrhea, or melena. Sudi pa- 
tients are sometimes thought to have bacillary dys- 
entery or cholera. Fever in these disorders may be 
low or absent. Indeed, in patients wth predomi- 
nantly gastrointestinal manifestations, there are usu- 
ally cold clammy skin, hypotension, profound weak- 
ness, and repealed syncopal attacks, so-called algid 
malaria. 

Blackwater Fever. This is a disorder that occurs 
in association with malaria, particularly and per- 
haps only with P. falciparum infections. The usual 
attack begins with a rigor and fever followed by 
massive intravascular hemolysis, icterus, hemoglobi- 
nuria, collapse, and often acute renal failure and 
uremia. The pathologic findings in the kidney are 
t)’pical of ‘lower nephron nephrosis” \vith necrosis 
of tubules and hemoglobin casts. The mortality Is 
20 to 30 per cent, and survivors are very likely to 
experience hemolytic episodes with subsequent ma- 
larial infections. 

Although blaclovater fever is often classified as 
one of the "pernicious” complications of estivo- 
autumnal malaria, its etiology is obscure. There is 
nothing to suggest that capiiliry blockage by the 
parasites produces the renal disturbance; P. fat- 
cipartim has not been shown to elaborate a hemol- 
ysin, and, In many patients with blackwater fever, 
paiasltemia is absent. Confiicting evidence suggests 
a possible role of therapy with quinine in the he- 
molyrisr-thete are- good observations to the effect 
that antimalarial drugs in general neither speed 
recovery from an attack nor influence the outcome. 
Tender splenomegaly is a constant finding, and this 
has led to the suggestion that the hemolysis is a 
result of hypersplenism, In the past, cardiac de- 
compensation has been the usual cause of death 
in patients with hlaclavater fever. It is probable 
that the heart failure resulted from overhydration 
in ill-advised attempts to ‘‘flush" the kidneys of 
oliguric patients. The institution of an appropriate 
regimen for acute renal failure (see p. 1496) will 
reduce the fatality rale considerably. 

Complications. In addition to the several compli- 
c.ations already mentioned, others deserve comment. 
Rupture of the spleen is relatively rare, but malaria 
is by far the commonest cause of spontaneous rup- 
ture and predisposes to traumatic rupture of this 
organ. 

Chronic malaria or repeated infection in an en- 
demie-area-leads to anemia, debility, and cachexia. 
Secondary bacterial infection is often the immedi- 
ate cause of death in such patients. Bacillary dys- 
entery, cholera, and pyogenic pneumonia are com- 
mon. Tuberculous foci often extend in malarial 
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patients, and miliary tuberculosis is occasionally 
observed. 

Laboratory Findings. The blood leukocyte count 
is usually low but may be normal. The ei^hrocyte 
sedimentation rate is elevated. Plasmodia are de- 
monstrable in smears of peripheral blood from the 
vast majority of patients with symptomatic malaria. 
When the disease is suspected, appropriately 
stained blood films should be examined diligently. 
For the inexperienced examiner, a thin smear of 
finger-tip blood on a clean glass slide should be 
stained with Wright, Giemsa, or Hastings stain. 
Parasitized erythrocytes are most frequent at the 
edges of a smear; extracellular parasites are not 
found. Thick smears should be thoroughly dried 
and stained with diluted Giemsa or Field stain. 
This method has the advantage of concentrating 
the parasites, but artefacts are numerous, and cor- 
rect interpretation of these preparations requires 
much experience. ‘ 

The morphology of the four species of plasmodia 
that infect man is specific enough to allow identifi- 
cation in blood smears. The detaib of this mor- 
phology are available in textbooks of parasitology 
The parasitized erythrocytes in P. vivax infections 
are usually enlarged and hypochromic, in F. ma- 
lariae infections they are small and hypetchiomic, 
and in P. ovale infections the red cells containing 
parasites are oval. 

There is no advantage over blood of material 
obtained by splenic or sternal puncture. The ad- 
ministration of epinephrine with the idea of dis- 
lodging parasites by producing contraction of the 
spleen has been advocated, but results are irregu- 
lar. There are no reliable diagnostic serologic tests. 

Diagnosis. The most important diagnostic test is 
the search for parasites in peripheral blood. History 
of residence in an endemic area, previous attacks 
of malaria, typical malarial paroxysms, or some ar 
tificial exposure (blood transfusion, narcotic injec- 
tions In an addict) should suggest the disease 
Splenomegaly is an almost invariable finding; its 
absence is strong evidence against malaria. Leuko- 
cytosis is not a feature of malaria. 

The confusion of P. falciparum malaria with 
various disorders of the brain, lung, or intestine 
has been mentioned. 

While final cure of malaria may be difficult, par- 
ticularly in P. vivax infections, almost all cases will 
respond symptomatically to quinine or one of the 
newer antimalarial drugs, and failure of response 
to a therapeutic trial argues strongly against the 
diagnosis. 

Treatment. The use of appropriate chemotherapy 
can suppress symptoms in individuals exposed in 
endemic areas or cure malarial infection completely. 
The deselopment of new antimalarial drugs has led 
to replacement of quinine and Atabrine (quina- 
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crine) as the agents oF choice, although both will 
undoubtedly continue to be used for many years. 
A good dosage schedule for quinine sulfate is J.O 
Gm orally t t.d. for 2 days and 0 C Gm dafly for 
1 week. Quinine dihydrochloride can be given in- 
travenously (not intramuscularly) in a dose of 10 
ml of a 3 per cent solution every 4 hr until oral 
medication can be taken. 

The oral dosage of Atabrine is 0.2 Gra every 6 
hr for five doses and 0.1 Gm t.i.d. for 6 days. 
Quinacrine dihydrochloride can be given intramus- 
cularly (not intravenously) in a dose of 0.2 Cm 
every 6 hr until oral therapy can be tolerated. 

The initial administration of 1 0 Gm of cMoro- 
quine diphosphate (Aralen), followed by 0.5 Gm 
6 hr kter, and then 0.5 Gm daily for 2 days usu- 
ally produces complete subsidence of P. fafeiparHm 
and P. ovcle infections. For P. vivax and P. malatiae 
infections, another drug should be combined wth 
chloroquine to avoid relapse, common in both types. 
Primaquine base 15 mg by mouth daily for 14 days 
is the best regimeni relapse after treatment by this 
combination is extremely rare. 

The suppressive dose of chloroquine is 0.5 Gm 
once weekly. A dose of 0.4 to 0.6 Gm of amodia- 
quin (Camoquin) once weekly is very effective in 
suppression of malaria in endemic areas. General 
supportive measures, fluids, good diet, symptomatic 
relief of headache or other pains, and, occasionally, 
blood transfusions are all important. 

Specific antimalarial drugs should be withdrawn 
m patients with blackwater fever. 

Overdosage of quinine produces einchonism with 
tinnitus as an early manifestation. Occasional in- 
stances of mild bemol)'55S attributable to it have 
occurred, and it is a cause of allergic purpura (non- 
thrombocytopenic) and drug fever. 

Atabnne causes a yellow staining of the skin 
Given intravenously, it usually produces drculatory 
collapse Primaquine produces hemolytic anemia in 
many Negroes, apparently because of an inborn 
error of erythrocyte metabolic activity (see p. 
1291). Chloroquine rarely causes any reaction other 
than that of occasional mild desquamation an<l 
itciiing 
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LEISHMANIASIS 

Ivan L. Bennett, Jr. 

Definition. Leishmaniasis designates three sepa- 
rate disorders of man that are produced by protozoa 
of the genus Leishmnnifl. All are transmitted by the 
bite of sand flies (Thlebotomus) . 

Etiology. Lelshmanla tropica is the cause of cuta- 
neous leishmaniasis, or otiervlal sore, also known 
variously as Delhi boil, Bagdad boil, Aleppo button, 
Salek, and Pendeh sore. 

American mucocutaneous leishmaniasis is caused 
by L. brasHiensis and is referred to in various areas 
as espimdia, ufa, forest yaws, bay sore, and enfer- 
medad do los cUicleros. 

Lehfnnania donocani is the cause of kata-azax, 
the visceral form of leishmaniasis (Dum-dum 
fever, tropical splenomegaly, Burdwan fever, Sirkari 
disease, Ponos, Mard el Bicha). 

in the sand fly, the parasites assume the flagel- 
lated leptomonas form, but in man, the organisms 
lose their flagella, enter mononuclear phagocytes, 
and multiply as small, rounded leishmanial forms 
2 to 3 /i in diameter, the pathognomonic “Leishman- 
DonovTin bodies.” Infection may remain localized 
at the inoculation site or it may spread systeml- 
cally. 

The geograpliic distribution, epidemiology, and 
animal reservoirs for each fonn of leishmaniasis are 
discussed separately below. 

KALA-AZAR 

Distribution and Epidemiology. Kala-azar occurs 
in China, Russia, India, Egypt, Sudan, East Africa, 
several Mediterranean countries, including Greece, 
Crete, and Malta, and a few areas of South and Cen- 
tral America While the manifestations of the dis- 
ease throughout this area, which touches all con- 
tinents but Australia, are basically similar, certain 
definite peculiarities in its behavior Justify classifica- 
tion of visceral leishmaniasis into at least three main 
types. These differences are attributed to variations 
ui the strains of L. donooan! in a given area and. 
perhaps more important, to the length of time that 
the disease has been endemic in a population. It is 
beheved that kala-azar (and also infection by L 
tropteu, p. 1204) is introduced into a new area 
from animal reservous and that this “primitive" or 
aionotic infection is bkely to result in many cases 
of acute, rapidly' fatal illness among the population 
coming mto contact with the parasites for the first 
time. After generations, kala-azar becomes endemic, 
the disease assumes a more chronic form, and the 
main or only reservoir of infection, especially in 
urban areas, is man 

Mediterranean, or infantile, kala-azar is primarily 
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a disease of children under the age of tw’o years and 
has its reservoir in dogs, jackals, and foxes. Adults 
are by no means spared, but the preceding sentence 
describes the predominant pattern of the disorder as 
it occurs in the Mediterranean area, China, Russia, 
and Latin America. 

Indian kala-azar shows no special predilection for 
infants and has never been found in dogs or other 
animals in India, indicating that the human reser- 
voir is responsible for perpetuation of the disease. 

Sudanese, or Egyptian, kala-azar shows no pre- 
dilection for children, is endemic in gerbils and 
other rodents in many areas, and is fat more re- 
sistant to therapy with antimony compounds than 
that found in the rest of the world. 

Manifestations. The incubation period varies 
from 10 days to 1 year but is usually about 3 
montlis. No lesion appears at the site of the infect- 
ing bite in most cases, but a primary “chancre” 
which heals with scarring before the onset of sys- 
temic symptoms is commonly noted in the African 
disease. The organisms multiply e.xtensive!y in the 
macrophages of spleen, liver, bone marrow, and 
lymph nodes, accounting for many of the mani- 
festations of the disease. 

There arc gradual or abrupt onset of fever (often 
characterized by two daily spikes) and progressive 
weakness, pallor, weight loss, and tachycardia. 
CastrointestinnI disturbances arc frequent in Indian 
cases, physical findings include enormous splcno- 
megaly, lymphadenopathy, hepatomegaly, and, 
often, edema, which tends to conceal the extent of 
the wasting. The proliferation of parasite-loaded 
histiocytes in the bone marrow makes anemia the 
rule, and thrombocytopenfa with gingival and other 
mucosal bleeding is common. The peripheral leuko- 
cyte count is low (usually less than 4,000 per cu 
mm) ; in children, agranulocytosis with cancrum oris 
and secondary pulmonary or intestinal infections 
contribute to the high mortality. 

Hypcrglobulinemia, demonstrable by flocculation 
when distilled water is added to plasma or by the 
formol-gel test, is universally present; these tests 
are useful in screening populations for the disease. 
Proteinuria and hematuria are frequent in the 
course of kala-azar, and symptoms of heart failure 
can occur terminally; uremia due to renal amyloi- 
dosis can complicate chronic cases. 

Diagnosis. The diagnosis is made by finding 
leishmania in stained preparations of blood (often 
possible in Indian but rarely so in Sudanese kala- 
azar), bone marrow, lymph nodes, or material ob- 
tained by hepatic or splenic puncture. The last is 
the bestsource of organisms, but the spleen should 
be needled only by an e.xpert. The organisms will 
grow out as flagellated forms in simple media con- 
taining blood incubated at 2S*C. 

A complement fixation test using an antigen from 
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Mycobacterium phlei gives positive results in 95 per 
cent of patients with kala-azar, but tuberculosis 
gives positive test results also. 

Treatment. Rest, good diet, transfusions, and 
treatment of complicating infections, of which 
tuberculosis, bacterial pneumonia, amebiasis, and 
bacillary dysentery are the more important, must 
supplement or precede specific therapy. Pentavalent 
antimony compounds are higlily effective against 
the parasites. Neostibosan, as a 25 per cent solution, 
can be given intravenously or intramuscularly on 
alternate days. A total of 3 to 4 Gm in 10 injections 
is needed. Urea stibaminc is popular in India. 
Solustibosan, neostam, and Pentostam are effective 
antimony compounds that come as permanently 
stable solutions in ampuls for injection. 

Antimony toxicity is discussed on p. 812. More 
than 90 per cent of cases respond promptly to anti- 
mony except in Africa, where the cure rate is as 
low as 70 per cent. Resistant cases should be treated 
with 2 per cent pentamidine (two courses of 5 to 
10 intravenous or intramuscular injections each of 
4 mg per kg on alternate days) or witli the more 
effective and also more toxic 1 per cent stilbamidine 
given intravenously as 10 daily injections of a 
fresh solution, the doses beginning with 2.5 ml and 
increasing by 1.0 ml daily until a total of about 70 
ml is reached. Treatment with pentamidine or 
stilbamidine should not be repeated in less than 1 
month. 

Post-kala-azar Dermal Leishmaniasis. Patients 
treated successfully with antimony compounds for 
kala-azar may later develop cutaneous lesions called 
"Icishmanoids,” in which Leishmania are demon- 
strable. These are very rare in .Mediterranean or 
Chinese kala-azar. They occur after a latent period 
of 1 to 2 years in as many as 10 per cent of Indian 
cases, and in 30 per cent of Sudanese cases, they 
occur almost immediately after systemic symptoms 
subside. Tlie lesions range from patchy areas of 
depigmentation to erythematous papules and con- 
fluent nodules which may involve the ears and 
mucous membranes and have been mistaken for 
leprosy. 

Antimony will cure these dermal leishmanoids 
but the response is slow. Large doses of potassium 
iodide are said to cause the nodules to ulcerate and 
render them more susceptible to clearing with urea 
shbamine. 

Pro^osis and Control. The mortality in un- 
treated kala-azar is 95 per cent in adults and 80 per 
cent in children. This has been greatly reduced by 
treatment with antimony and the aromatic diami- 
dines. 

The treatment of the disease in man, the elimina- 
tion of diseased dogs, and the use of DDT residual 
sprays against sand flies are the important preven- 
tive measures. Incidence of the disease has di 
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isheJ greatly in many are.as where DDT l»as been 
used to eradicate malaria — an unexpected added 
benefit of this program. 

AMERICAN MUCOCUTANEOUS 
LEISHMANIASIS 

This disease occurs in every country of Central 
and South America except Chile. In some areas, 10 
to 20 per cent of the population is infected. The 
causative organism. I*, brosi/iens/s, is present in 
several wild animals, but of tliese only the agouti is 
believed to be an important reservoir host. The in- 
fection is particularly common in men who work 
in forests, but children and women are not spared. 
There are three general tjpes of the disease, all of 
which begin with a local lesion at the silo of the 
infecting sandfly bite after incubation of from 10 
days to 3 montlis The so-called Mexican type of 
infection is characterized by lesions on the ear 
which are chronic, show little ulceration, and lead 
to deformities through scarring, producing the so- 
called oreja de chickros, so named because it is 
common in chicle harvesters. Spontaneous healing is 
the nile and paiasites are never numerous In the 
lesions Mucosal ulceration docs not occur. 

Tlio uta type, which, along with the Mexican, 
occurs in cooler climates and at altitudes of more 
than 2,000 ft, consists of single or multiple skin 
ulcers in which parasites are readily demonstrable. 
Spontaneous healing within 3 months to a year Is 
the rule and mucosal spread is unusual. 

In tropical Latin America the disease takes the 
better-known and more serious espundla form. The 
initial skin lesion enlarges progressively and sec- 
ondary bacterial infeebon is frequent. There is 
little tendency to heal, and m 75 per cent of patients 
with chronic skin ulceration, tlie disease spreads by 
direct extension or by lymphatics to the mucosal 
surf.ices of the mouth and nose, where painful, 
destructive, and mutilating erosions occur with ex- 
tensive scarring .and distortion of the involved 
structures. Fever, anemia, and weight loss accom- 
pany these mucosal complications. Destruction of 
the nasal septum produces a characteristic deform- 
ity called "tapir nose" or "camel nose” Tlic h.xrd 
palate may be destroyed, and laryngeal erosion can 
lead to aphonia. In Negroes, the lesion is often 
hvpcrtrophic and large poljqiQid masses deform the 
lips and cheeks, perhaps representing a type of 
keloid rc.^ction. This can be mistaken for South 
American blastomycosis (see p 1067). Secondary 
bacterial infection, inanition, and respiratory ob- 
struction lead to death. 

The diagnosis is made by finding the organtsms In 
scrapings or by culture The Montenegro skin test 
IS specific and highly useful. Treatment consists of 
.^antibiotics for bacterial infections and antimoiiials. 


preferably sodium antimony tartrate, which is given 
intravenously as a 1 or 2 per cent solution, the dose 
being increased on alternate days from 0.04 Cm 
initially to a maximum of 0.28 Cm, until a total of 
2.2 Cm has been given. 

Tlje early lesions respond well but even vv4th re- 
peated courses of anbmony, the mucosal complica- 
tions of the espundia type heal slowly; in advanced 
cases, the prognosis is very poor. 

CUTANEOUS LEISHMANIASIS; 

ORIENTAL SORE 

This, the least serious form of human leishmania- 
sis, consists of localized cutaneous ulceration which 
heals spontaneously and is endemic in the European 
countries bordering the eastern Mediterranean, in 
North Africa, Asia Minor, Southwest Asia, and 
India. Two major strains of the causative organism, 
L. tropica, produce similar but disrinclive clinical 
syndromes Although homologous immunity after 
recovery from Infection by either strain is solid and 
lifelong, there is no cross immunity between the 
two. 

The rural, or moist, type has its reservoir in 
gerbils and other small rodents; the ulcers usually 
appear on the c-xtremitfes 2 to 6 weeks after the 
bite o! the sand fly and are accompanied by rcgion.'il 
lymphadenopathy in a majority of cases. Spon* 
taneous healing occurs within 3 to 6 months, leav- 
ing a depigmented, pitted scar. 

The incubation period in the urban, or dry, type 
ranges from 2 months to more than a j’ear. The 
lesion is usually facial and begins as a pruntic, 
purplish nodule (the "Aleppo button”), which 
slowly enlarges and finally breaks down after 3 or 
4 months. Healing of the indolent, granulomatous 
ulcer may require a year or more; lymphatic in- 
volvement is uncommon. Man is the only known 
reservoir of infection. 

The typical oriental sore is a sharply punched- 
out, ragged ulcer about 1 in. in diameter, sur- 
rounded fay an eiythematous rim. Satellite lesions 
which fuse with the original are not rare. The 
center of the granulating base of the ulcer fre- 
quently contains a hard excrescence called the 
"Montpellier sign” or the “rake," beneath which the 
parasites are most likely to be found when scrapings 
are examined. 

The xvet and dry types occur together in Asia 
Minor; indeed, it is not rare to find simultaneous in- 
fections in the same patient. In Africa, Southeastern 
Europe, and India, only the dry type is prevalent 

Diagnosis is usually made on clinical grounds and 
h confirmed by finding the parasites, which occur 
both intra- and exlracellularly. Pyogenic infection 
makes direct visualization difficult, but L. tropica 
can be cultured in blood-contaming broth incubated 
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at 28®C, and a skin test using L. Iropica antigen 
becomes positive in the vast majority of patients 
with the disease. 

Treatment should include vigorous measures for 
bacterial infection, such as hot soaks and appro- 
priate S)'Stemic antibiotics. Local infiltration with 10 
to 15 per cent Alabrine is \’ery effective in early 
lesions, but notliing seems to speed the subsidence 
of established ulcers except control of secondary 
infection. Systemic antimonials may be required 
where ulceration is extensive or multiple. In en- 
demic areas the custom is to withhold treatment 
directed against the parasite until the initial nodule 
ulcerates, to assure the development of immunity 
against reinfection. 

Fre\’ention consists of use of insect repellents on 
exposed parts of the body, residua! DDT sprays, 
and fine-mesh screening for dwellings. The lesions 
should be covered to prevent infccUon of vectors 
and, of course, contact with the lesion or its dis- 
charges should be avoided. 

In Asia Minor, a relapsing form know-n as letsh- 
maniasis reddica is common. Nodules appear at 
the periphery of the scarred area and mimic lupus 
vulgaris so closely that errors in diagnosis are very 
frequent. 
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TRYPANOSOMIASIS 

Ivan L. Bennett, Jr. 

Definition. Trypanosomiasis designates infection 
produced by protozoans of the genus Trypanosoma. 
These organisms are responsible for numerous dis- 
eases in animals and for three separate disorders in 
man, Gambian or mid-African sleeping sickness, 
Rhodesian or East African sleeping sickness, and 
Chagas disease in Central and South America. 

Etiology. Trypanosomes are fusiform organisms, 
recognized by an undulating membrane which ex- 
tends along the length of the cell and terminates in 
an anterior flagellum. The morphology of many 
species is so nearly identical that they are dis- 
tinguishable only by their patliogenicitj' for certain 
animals, differences in biochemical requirements, 
and ability to multiply in insects. 

Most species are transmitted to vertebrate hosts 
by insects and undergo a part of their life cyde in 
the vector, but direct transmission bet^veen wann- 
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blooded hosts is the rule for others. Trypanosoma 
gambiense, the cause of mid-African sleeping sick- 
ness, is transmitted to man by riverine tsetse flies 
(Glossina), and T. rhodesiense (East African) by 
tvoodland tsetse flies. Trypanosoma cruzi, the agent 
of Chagas disease, is carried by reduviid (“assassin” 
or “kissing”) bugs, primarily those of the genus 
Triatoma. Transmission of the trypanosomes of 
sleeping sickness occurs by what is lefened to as 
the "anterior station”; after multiplication in the 
intestine of the tsetse fly, the parasites migrate to 
the salivary glands and are discharged when a host 
is bitten. The agent of Chagas disease, however, 
multiplies only in the gut of the vector and is dis- 
charged in the feces, infection of man occurring 
through contamination of the bite w’ound; this is 
transmission by the "posterior station." 

Trypanosomiasis in animals is a great economic 
problem in many parts of the world. Indeed, it is 
said that an area of approximately 4 million square 
miles in Africa is now essentially unpopulated be- 
cause of the impossibility of keeping domestic 
animals in these areas where tsetse flies are infected 
with r. brucei, the cause of nagana, a fatal disease 
of cattle and horses. Among the more important 
tiypanosoma] diseases of animals are dourine in 
horses and donkeys, caused by T. cquiperdum, 
which is transmitted by sexual intercourse and is 
world-wide; soumo, caused by T. uluox in horses 
and cattle (Africa); surra, caused by T. evansi m 
horses, cattle, and dogs (Asia, Australia, Mada- 
gascar); mal de eaderas, caused by T. equinum in 
horses and cattle (South America); and murina de 
aideras, caused by T. hippicum in horses and mules 
(Central America). The epidemiology of each of 
die three trypanosomiases of man is discussed 
separately below. 

Cambian Sleeping Sickness. This disease occurs 
in tropical west and central Africa, especially along 
the Congo River and its tributaries. While swine 
and goats are suspected of harboring T. gamhiense, 
man is the only known reservoir. The vectors are 
tsetse flies that hve near W’ater, and the highest 
incidence of the disease is in young men, a result of 
increased e.xposure to the flies. It is interesting that 
less than 5 per cent of flies are infected, even in the 
most notorious endemic foci. 

The disease in man has customarily been de- 
scribed as proceeding through several classic 
"stages" interspersed with periods of remission or 
quiescence. Actually, there is tremendous variation 
in the se%'erity, symptomatology, duration, and out- 
come of the disease, all apparently dependent upon 
the resistance of the host, and the many so-called 
types or stages of trypanosomiasis are better under- 
stood in these terms than on the basis of duration of 
infection alone. 

The incubation period is about 2 weeks. In many 
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cases, the infecting bite shows an erythematous 
nodule with a pale halo, the trypfinosomal chnnerc, 
which subsides gradually. Whether a lesion is 
visible or not, the parasites multiply locally, enter 
lymphatics, and appear in the blood about 3 weclcs 
^ter the bite of the tsetse fly. In the usual case, the 
patient experiences irregularly recurrent paroxysms 
of fever for months. The temperature can exceed 
106®F, and during these episodes of illness» skin 
rashes of various typies are common. These in.iy he 
generalized, pruritic papular eruptions or erythema 
nodosum In Caucasians, a characteristic circinatc 
erythema resembling erythema marginatum is fre- 
quently noted Severe headache and tachycardia 
accompany fever and, as the illness progresses, 
weight loss and progressive debilitation ensue. Ten- 
der lymphadenopathy, witli gradual induration of 
tile nodes, and splenomegaly are almost im'ari.'ihly 
present. The lymph nodes of the posterior cervical 
triangles arc especially prominenti this is referred 
to as Winterbottom's sign. Insomnia, inability to 
concentrate, paresthesias, and formication are fre- 
quent, and most patients demonstrate a peculiar 
delayed sensation to pain combined with deep, 
aching hyperesthesia Uiat can be elicited by a L'ght 
blow with nay hard object, known as KerandcFs 
sign. Tlie illness can terminate spontaneously after 
weeks or months or can drag on intermittcnlly for 
years Deatli from intcrcurrcnt infections, of which 
bacillary and amebic dysentery*, malaria, and bac- 
terial (often pneumococcal] pneumonia are tlie 
most important, is frequent. 

Eventually, the parasites enter the central nerv- 
ous system, usually about 2 years after the onset of 
illness although it may occur much earlier or may 
be delayed for as long as 8 years. Cerebral try* 
ponosomiasis can be explosive, causing repealed 
coniulsions or deep coma and death within a few* 
days. However, most patients show gradual pro- 
gression to the classic picture of sleeping sickness. 
IVhde spontaneous recovery is not rare in early 
trypanosomiasis, untreated sleeping sickness is al- 
most invariably fatal witliin 4 to 8 months. The 
patient dei'elops a vacant expression, the eyelids 
droop, the lower bp hangs loosely, and it bewmes 
more and more difBcult to gain his attention or prod 
him to any activity. Patients W’lll eat when offered 
food, but they never ask for it or engage in spon- 
taneous conversation, and speech gradually becomes 
blurred and indistinct. Tremors of the hands and 
tongue, choreiform movements, seizures with tran- 
sient paralysis, loss of spluncler control, oplitliahoo- 
plegia, extensor plantar responses, and finally death 
m coma, status epilepticus, or from hyperpyreiua 
follow inexorably. 

The over-all mortality of GambLin trypanoso- 
miasis IS 25 to 50 per cent; with chemotherapy, diis 
_can be reduced to 5 or 10 per cent. 


Anemia and Jiijpcrglobulinemia (demonstrable 
ia surveys by the formol-gel reaction) arc invariably 
present, and spontaneous clumping of erythrocytes 
in bloorl specimens is grossly evident in many cases. 
The sedimentation rate is rapid, and peripheral 
monocytosis is frequent. 

The ccTcbrosjiinal jltiid shows mononuclear pleo- 
cytosis and increased protein content in sleeping 
sickness. The colloidal gold curve is tabetic. Tlie 
protein content is a better inde.x of severity of 
disease and tlicrapeutic response tlian is the num- 
ber of cells. 

Tile trypanosomes can sometimes be found in 
thick blood films; examination of the sediment after 
centrifugation of 20 ml of hcmolyzcd (distilled 
water) blood at 3,000 rpm for 10 min is more likely 
to give positive results. Rone marrow and material 
aspirated from lymph nodes arc occasionally found 
to contain the organisms, and they are also demon- 
strable in cerebrospinal fluid A specific complement 
fixation test is available but it has not been used 
extensively in diagnosis. 

Fever, lymphadenop-nlliy, Winterbottom's and 
KcTandel’s signs, splenomegaly, and anemia in a 
resident of on endemic area make (lie clinical diag- 
nosis relatively easy. Ilyperglobulinemia and the 
finding of tryp.anosomev are confirmaioTy. frregidar 
feter, hjmphadeuopalhj, and csjicclallij circinatc 
cnjthema in anij Caucasian xcho hat resided in 
Africa icilhin 7 tjeats should arouse suspicion of 
tri/jHJnosoniias/r. While malaria, kala-nzar, Hodg- 
kin’s disease, and leprosy are sometimes confused 
With early trypanosomiasis, the proper diagnosis 
usually becomes evident witlim a short time. 

Anirt/pol (Dayer 203, suramin) is the most effec- 
tive agent before central nervous system involve- 
ment has occurred. Ten injections at intcrv'als of 4 
to 7 days should bo given, each dose consisting of 
10 ml of a fresh 10 per cent solution. Albumin and 
casts appear in the iinne of most patients after tlie 
first few Injections, but the urine clears about 6 
weeks after completion of the injections. Mel B 
{Arsobal), an arsenical dcnvTitivc of B.AL, is some- 
times effective in both early and late cases. It can 
be given intravenously or, vvilli procaine, intra- 
muscularly. The dosage is 3 C mg per kg daily for 
4 days, to be followed by* four more daily injections 
after an interval of 1 week. 

For cerebral trypanosomiasis, the most effective 
drug is fri/parsQiiiii/e, given uittavenously as a fresh 
20 per cent solutioq once weekly for 8 to 15 weeks. 
The first dose should be 5 ml, and this should be 
increased gradually to 15 ml (3 Cm) weekly. A 
course of injections may bo repealed after a rest of 
1 month Arsenical hepatitis or dermatitis, ab- 
dominal cramps, and, most important, optic atrophy 
can result from tryparsamide; ocular symptoms 
make cessation of the drug mandatory. Recovery 
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rates as high as 50 per cent have followed intensive 
Iryparsamide therapy in sleeping sickness. 

The other effective drug for early disease is pen- 
iamidine, given as a 2 per cent solution intramus- 
cularly on alternate days for 5 to 10 injections; the 
course is repeated 1 week later. The dose for each 
injection is 4 mg per kg. 

Prevention includes use of repellents and protec- 
tive clothing (gloves, head nets) in endemic areas 
and chemoprophylaxis, using an injection of 5 mg 
per kg of pentamidine for each member of the 
population every 6 months. Elimination of the 
vector is almost a hopeless undertaking in many 
areas at present; indeed it has been easier to move 
whole villages out of infested areas than to eradicate 
the tsetse fly population. 

Rhodesian Sleeping Sickness. This disease is 
found in tropical east Africa where the etiologic 
agent, T. rhodcsiense, is transmitted by woodland 
species of tsetse flies. Antelopes are known reser- 
voirs, and other wild animals are also suspected of 
harboring the parasite. More than 60 per cent of 
human infections occur in adult males. Rhodesian 
ti^-panosomiasis is a more acute and severe disease 
than the Gambian form, usually terminating fatally 
within a year. Fever is higher, emaciation more 
rapid, and lymphatic involvement is less evident. 
Death from intercunent infection, myocarditis, or 
"toxemia" usually occurs before there is appreciable 
central nervous system involvement; although 
lethar^ and somnofence arc seen, the typical sleep- 
ing sickness syndrome is rare. 

Rhodesian trypanosomiasis is more resistant to 
treatment than the Gambian disease. Antnjpol is 
effective only if given within 3 weeks of the onset of 
sjmptoms; Mel B can be used in cases discovered 
too late for treatment with Antrypol, and trijparsa- 
midc should be given immediately if there is any 
evidence of neurologic disease. No drug is really 
effective in advanced cases. 

Prevention is extremely complicated because of 
the much greater problems of eradicating woodland 
tsetse flies than the riverine and the need to shift 
populations into noninfected areas. ^Vhile chronic 
human cases are relatively rare, the existence of 
animal reservoirs makes it impossible to prev’ent 
continuing infection of the vectors. Chemoprophy- 
la.xis requires the use of pentamidine in a dose of 
5 mg per kg every 2 months. Individual protection 
with repellents, netting, etc., is, of course, im- 
portant. 

The disease is almost invariably fatal if untreated. 
Intensive treatment results in cure of about 50 per 
cent of early cases, but this falls to 15 per cent in 
adv'anced disease. 

Chagas Disease (American TriTianosomtasw). 
Tins infection occurs from Argentina and Chile to 
southern Mexico. Tlie cUologic agent, T, entzi. 
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is plentiful in “assassin" and “kissing” bugs as far 
north as Texas, but only one authenticated case is 
known in which the disease was acquired in the 
United States. Infection in man usually begins with 
acute systemic symptoms and then becomes chronic, 
resembling kala-azar more than the sleeping sick- 
ness of Africa. The parasites multiply intracellularly 
in a leishmania form, morphologically indistinguish- 
able from the Leishman-Donovan bodies of kala- 
azar, but they assume the trypanosomal form in the 
blood stream. 

The vector attacks man at night, usually biting 
the face at a mucocutaneous junction (hence the 
name ‘Tossing” bug), most frequently the lip or 
outer canthus of the eye. An erj-thematous nodule, 
the chagoma, appears within a few days at the 
initial site where the parasites have gained en- 
trance from the infected feces of the vector. Sec- 
ondary nodules are sometimes seen along draining 
lymphatics. After an incubation period of 2 weeks, 
there is the onset of fever (coincident vvith the ap- 
pearance of parasitemia, which lasts for about 30 
days) and a morbiMonn or urticarial sUn eruption, 
which subsides after a few days. Painless unilateral 
palpebral edema and con/unclioitis, known as 
Romano's sign, usually come on during tlie first 
febrile week. The fever sometimes shows two dailj- 
spikes, local lymphadenopathy and splenomegal) 
appear, and in severely affected young children, 
there may be a fatal outcome within weeks although 
the usual tendency is for symptoms to subside as 
the infection becomes chronic. The parasites spread 
syslemieally, showing a predilection for histiocytes, 
skeletal muscle, heart muscle, and the central nerv- 
ous system. When meningoencephalitis complicates 
the acute illness in children, the mortality is 40 per 
cent. Myositis is attended by extensive gelatinous 
edema (psettdomyxedema) of the face and trunk, 
and the differentiation of Chagas disease from 
cretinism and endemic goiter is sometimes sur- 
prisingly difftculU Chronic neurologic manifesta- 
tions include sporadic convulsions, various paral- 
yses, and intention tremor. An extensive acute myo- 
carditis is sometimes accompanied by pericardial 
effusion and can result in rapidly fatal heart failure. 
However, the process usually becomes chronic and 
slowly progressive and is a leading cause of cardiac 
disease in mdivnduals under the age of forty In 
Central and South America. Manifestations range 
from arrhythmias and heart block to chronic con- 
gestive heart failure; differentiation from rheumatic 
heart disease is often a great problem. 

Tlic diagnosis can be made in cluonic cases by 
the use of a complement fixation reaction (Ma- 
chado-Guerreiro test), but this is positive in onij- 
about 50 per cent of acute cases. Trypanosomes can 
sometimes be found in the sediment of centrifuged, 
hemoly’zcd blood during Uie acute stages, and 
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biopsy of l)inpli node or liver reveals the leish- 
manla forms. TTijjwiosoma cruzi is easily grown in 
blood broth incubated at 28®C. The technique of 
xcnodiagnosis is often used in endemic areas; a 
laboiatory-rcaicd sector, Vnosvn to be parasite-free, 
is allowed to feed on suspected eases, and 2 weels 
later, the insect's intestinal contents are examined 
for parasites. Confusion sometimes arises from the 
finding of trj'panosomes in blood. Many children in 
Venezuela and other South American cotmfcries are 
Infected with a harmless species, T. rangcli, which 
produces no symptoms but can be present in the 
blood for many months. 

Tliere is no specific treatment for Chagas disease. 
Prevention consists of using residual insecticide 
sprays — of which benzene hexachloride (BHC) is 
the most effective — on the walls of houses, the 
main habitat of the vectors. 

Because Chagas disease can be trarismittcd by 
blood transfusion, treatment of blood for 24 hr with 
1:4,000 gentian violet is recommended in endemic 
areas. 
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TOXOPLASMOSIS 

Harry A. Feldman 


Definition. Tovophismosis, a disease of increas- 
ing importance, results from infection with an ob- 
ligate intracellular protozoan parasite, Toxoplasma 
gondti, which is widely distributed among mam- 
mals and birds. In man it may produce acquired 
(often inapparent) or congenital illness. 

History. First demonstrated in 1908 by Nicolle 
and Maoceaux in a North African rodent, the 
gondi, and in the same year by Splendore in Brazil, 
Toxoplasma was not definitely related to human 
disease until 1939, when Wolfe, Cowen, and Paige 
desenbed infantile cases of encephalomyebtis which 
had resulted from congenital infections with the 
parasite. The disease-producing capabilities of the 
parasite ha\-e become more evident as the result 
of the almost simultaneous descriptions of skin, com- 
plement fixation, and dye tests. 'These have been 
utilized extensively, and it is now apparent that 
toxoplasma frequently infects man and animals and 
that congenital toxoplasmosis is only one aspect of 
a broad disease spectrum. 

Etiology. Toxoplasma gondii Is considered to be 
a protozoan. All strains, regardless of source, are 
antigenically similar and of the same species. The 
organism measures about 3.0 by 6.0 p and may 
appear crescentic, oval, or round (Fig. 215-1). It 
divides by binary fission and is best stained with 
either Wright or Cfemsa slain. Toxoplasm.a Is 
unique in that it may Infect any mammalian or 
avian cell, except nonnucleated erythrocytes. It can 
be maintained in tissue culture or embryonated 
eggs but does not multiply in the absence of living 
cells. The parasite is readily sedimented by cen- 
trifugation. Under special conditions it may be 
stored in the frozen state, but is killed by ordinary 
freezing. The parasite seems to persist in cysts 
which may be found in any tissue. 

Laboratory Diagnosis. A specific diagnosis may 
be made by the application of serologic methods, 
by demonstrating the organism in smears, or by 
isolating It in mice. Toxoplasmas may be seen in 
Wright or Ciemsa stains of the sediment of cere- 
brospinal fluid, or occasionally in H and E stained 
histologic sections of lymph node or muscle during 
the arrive phase of the illness. The laboratory 
mouse is the animal of choice for attempting isola- 
tions and may be Inoculated witlv spinal fluid sedi- 
ment (vxhen acute central nervous system signs arc 
present) or emukions of frcsli tissue. 

Serum antibodies may be detected by the d>c, 
complement fixation, or hemagglutination tests. Re- 
sults ore most meaningful when a rising titer is 
demonstrated. D^-e-test antibodies seem to develop 
early and persist for many years, possibly for Me 
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Complement-fixing antibodies develop more slowly 
and disappear more rapidly. Thus if a high dye- 
test titer (1:256 or more) and a negative comple- 
ment fixation reaction ate encountered, one may 
be dealing with either an early infection or the 
residual serologic status of past infection. Hemag- 
glutinating antibodies seem to behave like dj’e test 
antibodies but apparently develop at a slightly 
slower rate. 

A positive dye reaction requires the presence of 
a heat-labUe serum factor which now has been 
demonstrated to be in the properdin system. TTus 
is the first instance when presence of the properdin 
system has been shown to bo necessary for the 
action of a specific antibody. 

A skin test is available and may be performed 
^vith antigen prepared from mouse peritoneal fluid 
or embryonated eggs. The reaction is of the del.ayed 
t)’pe, and cross-reacting antigens ha\’c not been 
identified. The egg antigen is preferable, because 
suitable control material is available. There are 
tliree drawbacks which limit the ^’alue of the test 
as a diagnostic aid in an individual case: (1) the 
number of reactors in the general population is 
large; (2) serum antibodies have been demon- 
strated in nonreactors; (3) the antigen has not 
been standaidiied satisfactorily. 

Epidemiology. Suia-eys performed with the skin, 
dye, and hemagglutination tests indicate that toxo- 
plasma infections are widespread. The dye test is, 
perhaps, the most sensitive indicator of antibody. 
With this, it has been determined that approid- 
mately 33 per cent of the populations of a number 
of American cities and Haiti, 63 per cent of Hon- 
durans, and 70 per cent of Tahitian natives are 
positive. In contrast, only 4 per cent of Navajo In- 
dians and II per cent of a group of Icelanders had 
significant amounts of antibody. Similar studies 
have been conducted among various animal spe- 
cies; antibodies are especially frequent among dogs, 
cats, swine, sheep, goats, guinea pigs, and to a 
lesser extent, rabbits and pigeons. Although the 
full significance of these findings remains to be 
determined, it is clear that serologic evidence in- 
dicates that infection with toxoplasma may be 
abundant in man and many of hU animal associ- 
.ates. The mode of transfer of parasites from animal 
to animal or to man is unknmvn; there is no evi- 
dence for human-to-human transfer. Human infec- 
tion, apparently, may be contracted in any season 
and with equal frequency by the two sexes. 

Clinical Manifestations. Human infections with 
toxoplasma may be either congenital or acquired. 
An infant congenitally infected with toxoplasma 
may be bom prematurely or at term as a stiUbiidi 
or ivith an active infection manifested by various 
combinations of fever, icterus, rash, hepatomegaly, 
splenomegaly', chorioretinitis, convubioos, and 


xanthochromic spinal fluid. The newborn infant 
may have none of these signs, but some time later 
hydrocephaly or microcephaly, chorioretinitis, con- 
vulsions, psychomotor retardation, and cerebral cal- 
eifleaUons may be noted either singly or in com- 
bination. A fatality rate of 11 pet cent was noted 
in one series of 141 cases of congenital toxoplas- 
mosis. Among the more important evidences of dis- 
ease in these children, chorioretinitis was present 
in 04 per cent, while 59 per cent had cerebral cal- 
cifications, 45 per cent bad psychomotor retarda- 
tion, and approximately half had either hydro- or 
microcephaly; 39 per cent had convulsive episodes 
The mothers of congenitally damaged offspring or- 
dinarily are unaware of having had any specific 
illnesses during the pregnancy. These women may 
undertake future pregnancies without fear of a 
recurrence in another child. 

In the proved cases of acquired toxoplasmosis 
the clinical features have shoivn considerable vari- 
ation, but certain manifestations are being recog- 
nized as suggestive of this disease. Maculopapular 
rashes are not infrequent soon after the cliniciU on- 
set of the illness and tend to disappear in 3 or 4 
days. Lymphadenopalhy is common, and local 
nodes may be so prominent as to suggest the pos- 
sibility of Hodgkin's disease. Encephalitis may be 
present alone or in combination with other mani- 
festations. Myalgias, arthralgias, myocarditis, and 
pneumonitis also have been noted. Siim has de- 
scribed a syndrome which resembles infectious 
mononucleosis in that lymphadenopathy and lym- 
phocytosis with atypical lymphocytes may be pres- 
ent; Paul-Bunnell reactions are negative. Parasites 
can be demonstrated in lymph nodes removed from 
such patients, some of whom have afebrile courses 

Toxoplasmas now have been isolated from cases 
of granulomatous uveitis in adults, presumably the 
result of acquired infections. The proportion of 
such cases which is caused by toxoplasmas remains 
to be determined and is the subject of considerable 
investigation. 

There is no reliable information concerning the 
incubation period, recovery and mortality rates, 
average duration of illness, or residual defects re- 
sulting from acquired toxoplasmosis. Cerebral cal- 
cifications do not appear to follow this form. 

Treatment. There is good evidence from experi- 
mental infections that a combination of sulfona- 
mide and pyrimethamine (Daraprim) is somewhat 
better than sulfonamides alone. Combinations of 
sulfediazine or triple sulfonamides and Daraprim 
have been reported to yield excellent results in 
some cases of uveitis and to have affected others 
not at all. The data on the effectiveness of this 
treatment in systemic toxoplasmosis are inadequate. 

It docs seem to benefit the acute symptoms but 
does not eradicate enej'sted organisms. The com- 
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binalion is not specific for toxoplasmosis, jmd the 
patient’s response cannot be interpreted as proving 
or disproving a particular diagnosis. The stJfona- 
mide should be administered in the usual dosage 
along with SO mg Daraprim daily. The dose of 
Daraprim probably ought to be decreased after 2 
weeks to 25 mg. One month of treatment consti- 
tutes an adequate trial. The leukopenia and throm- 
bocytopenia whidi may result from Daraprim ad- 
ministration ha\e been corrected by the simultane- 
ous administration of citro\’orum factor (Lcucoxorin 
calcium) and jeast cakes without interfering with 
its anli-loxoplasmic effect. 
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ni c; PNEUMOCYSTIS 
Ai-VJ PNEUMONIA (Interstitial 
Plasma Cell Pneumonia) 
lean L. Bennett, }r. 

Definition. Pneumocystis pneumonia is an acute 
to subacute disease characterized by progressive 
interstitial inflammation of the lungs. The presumed 
etiologic agent is Pneumocijstus Mrinff, a protozoan. 
Although adults and older chfldren are affected 
only rarel)’, Uie disease is relatively common in 
infants in Europe and is increasmg in frequency 
in the United States. The manifestations arc pro- 
gressive dv-spnea and cyanosis, with death from 
respiratory failure in a large number of the cases 
after 6 to 10 weeks of illness. 

Etiology. The etiologic significance of P. carfnff 
in this disease is supported by the consistent find- 
ing of m)'Tiads of the organisms in histologic sec- 
tions and impression smears of lungs from fabd 
cases. The organism has never been cultivated on 
artificuTl media, and serologic evidence of Its role 
in the disease is equivocal, the main difficulty be- 
ing lack of a reliable preparation of antigen. 

Vncumocijatis carinh was first identified as a 
parasite present in the lungs of guinea pigs, and 
it is now known that small numliers of the parasite 
also occur in the normal pulmonary tissues of rats, 
’’rabbits, monkevs, dogs, and m.in \Miile roost ob- 


servers believe that T. carinii is properly classified 
as a protozoan, a few are convinced that it is a 
fungus. The organism cannot bo seen In hema- 
tox)lin and eosm preparations but is easily visual- 
ized in sections or smears stained by the Giemsa, 
Schiff, or silver-impregnation methods. Two forms 
occur: (1) the oval or elongated free (ameboid) 
form measures 2 to 4 m^u and contains a single 
nucleus; (2) tlie more easily recognized cysts are 
round, about 10 m/x in diameter and contain two 
to eight distinct nuclei. 

Pathogenesis and Pathologic Findings. The fact 
that small numbers of P. carimi occur in the lungs 
of many individuals suggests, of course, that infec- 
tion by this organism is often latent or subclinical 
and that the appearance of overt disease is depend- 
ent upon an increase in host susceptibility. There 
is much evidence to support this concept of the 
pathogenesis of interstitial plasma cell pneumonia 
Serious infections by P. carinii are far more fre- 
quent under the age of one year, and it has been 
noted repeatedly Aat they have a distinct predi- 
lection for premature or otherwise debilitated In- 
fants. Furthermore, many children who die with 
P. carinii pneumonia are found at autopsy to have 
extensive lesions of cytomegalic inclusion disease 
also, a viral infecUon that is usually subclinical or 
latent until activated by some impairment of host 
resistance (see p. 1183). The administration of 
large doses of cortisone to otherwise normal rabbits 
will often induce the appearance of extensive P. 
carinii intentitial pneumonitis, highly suggestive of 
activation of latent disease. Finally, although fatal 
pneumocystis pneumonia is rare in adults, of the 
13 cases reported up untO 1961, 12 occurred in 
individuals with IjTnphoma, leukemia, or some 
other serious disorder. Abo among the 12 adults 
at autopsy, there were 6 instances of concomitant 
c)iome^lic inclusion disease, 2 of tuberculosis, and 
2 of Cryptococcosis. Therefore, although the mode 
of entry of P. eorinii is sldl unknown, it appears 
that serious disease occurs as a result of lighting 
up of latent infection and that subcL'm'cal infection 
with thb organism b very frequent. 

Hie histologic changes consist of extensive mono- 
nuclear infiltration of the pulmonary alveolar sep- 
turns vvitli encroachment upon the air spaces and 
alveolar ducts. The exudale was originally thought 
to consist of plasma cells, and it is from this mi- 
croscopic feature that the term interstitia! plasma 
cell pneumonia originated. Tlie alveoli are filled 
with a vacuolated, foamy exudate which is almost 
patliognomonic in its appearance in hematoxviin 
and cosin preparations. ^V'ith appropriate stains, 
the foamy appearance of the exudate is seen to be 
attributable to the presence of huge masses of 
organisms. Fibrosis and scarring are not a feature 
of the histologic alfcnitions, and the inflammation 
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is completely reversible in patients «'bo rccowr 
fronj llie tliscasc. It cannot be cmpliasizctl too 
strongly that P. carinii will be missed if hcmalOY}'ltn 
and cosin sections only arc examined and that the 
small size of llie organisms makes them difficult to 
identify unless oil-immersion objectives arc used. 
Tlicrc is no doubt about tlic fact that the pneu- 
monia has been misdiagnosed at autopsy on many 
occasions in the United States; it is now a common 
c.vpcrience for a rc^•ic^v■ of tlie histologic sections 
of past autopsies to re\‘eal the presence of P. corinii 
in lungs of infantile pneumonia. 

Manifestations. The onset is insidious, with 
13011)7)003 and poor feeding in infants. Within 2 
weeks, x-ray of the lungs shows diffuse infiltration. 
There is little or no fever; cough and corj-za arc 
rare. D)-spnca and ejanosis are relentlessly pro- 
gressive in fatal eases, and dcalli comes during the 
sixth to tenth week. In survivors, there is gradual 
subsidence of respirator)* s)'mploms and complete 
clearing of the x-ray findings. Tfic 1)711031 course 
is easily recognizable in infants. In adults, the as- 
sociation of the disease with l)Tnpliom.'». leukemia, 
etc., and with other infections likely to complicate 
debilitating illness (tuberculosis, ro)Coscs, c)to- 
mcgalic inclusion disease) might make antemortem 
diagnosis possible. 

There are no laborator)* tests otJier than lung 
biopsy that will confirm the diagnosis. It is possible 
that P. carinll might be identified in bronchwl 
waslifngs (this has been done retrospectively in 
one ease). N’o reliable serologic test is available. 

Treatment and Prognosis. The only treatment is 
supportive, with administration of oxygen and at- 
tention to nutrition. Any accompanying disease 
such as l)Tnpboma should be managed appropri- 
ately. 

Antibiotics, sulfonamides, adrenal steroids, y- 
globulin, x-ray, diallicnny, ancnicals, antimalarials, 
antifungal drugs, and a host of antiprotozoan drugs 
have been tried extensively without appreciable 
cfTcct. 

The moitalil)* among infants is about 25 to 40 
7 )cr cent. 
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97 7 MINOR PROTOZOAN 
Al/ DISEASES 

Ivan L. Bennett, Jr. 

TIUCIIOMONIASIS 

Of the many members of the genus Tricfiomonas, 
three are parasites of man: T, hominis in the in- 
testine, T. tenax in the oral cavity, and T. vaginalis, 
the only one capable of producing disease, in the 
vagina and urethra. All three possess four anterior 
flagclki. and their morpliology is quite similar; T. 
vaginahs is tlie largest, however, and confusion in 
diagnosis is rare because of tlie anatomic specificity 
of their habitats. 

TricUomonos taginalis, despite some question 
about its role as a primary pathogen, is associated 
with persistent vaginitis in about 20 per cent of 
parasitized women. Manifestations include itching, 
burning, and profuse, creamy, )-cIlovv, frothy leu- 
Ijorthca. Examination shows infiammation ranging 
from mild h) 7 )ercmia of the vaginal vault to ex- 
tensive erosion, petechial hemorrhages, and peri- 
neal intertrigo. 

The diagnosis is made by examining a fresh un- 
stained drop of the discharge which will be found 
to contain numerous motile Irichomonads. The or- 
ganisms arc often present in urine. In males, a 
mild, usually asymptomatic urelliritis is produced. 
Tlie importance of the disease in males has to do 
with the transmission of infection by se.TuaI con- 
tact, although the disease is also spread by toilet 
articles, fomites, etc. 

Trichomoniasis is sometimes responsible for con- 
fusing changes in the cytologic pattern of exfoli- 
ated vaginal cells. However, ordinary Papanicolaou 
preparations are not well-suited to establishing the 
diagnosis of this infection, and when it is suspected, 
fresh material should be looked al immediately. 

Treatment consists of attention to personal hy- 
giene, the local application of Floroquin or acetar- 
sonc as insufflated powders or suppositories, and 
acid douches. Oral Diodoquin and tetracyclines are 
effective but rarely required, and antibiotics will 
favor the development of vaginal moniliasis The 
infection in males rarely requires therapy; local 
treatment is not effective and Diodoquin or tetracy- 
cline should be given. 

GIARDIASIS {Lambliasis} 

Ciardia iambiia is a pear-shaped, multiflagellar, 
protozoan parasite of the human duodenum. It pos- 
sesses two large nuclei which give the organism 
the appearance of a face with tw'o large eyes viewed 
under the microscope. In children, who are three 
times more likely than adults to be parasitized, 
there may be intennitfent diarrhea, epigastric pain. 
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and distention. Discomfort is rare in adults, and 
transmission to volunteers produces no s>‘mptoms. 
Occasionally, fulminating and extenshe duodenal 
ulceration has been described. RadiologicaJly, many 
asymptomatic carriers mil demonstrate "irritability'* 
of the duodenal bulb. 

Tlie diagnosis is made by finding the parasites in 
duodenal washings or dianheal stools. Cyst forms 
are often passed; they contain two to four nuclei 
and are readily identified when stained with iodine. 

Treatment consists of the administration of 0.1 
Cm Atabrine hydroeWoride three times daily for 
3 days, a regimen which eliminates the organisms 
in 90 per cent of the cases. Chloroquine diphos- 
phate (Aralen) 0 5 Gm daily for 5 days is about 
75 per cent effective. Treatment is necessary only 
in symptomatic cases. Tlie frequency of infestation 
in children be.ars out transmission by the fecal-oral 
route, and reinfection will occur unless appropriate 
measures are taken. 

COCCIDIOSIS 

This IS a relatively unusual disease cluracterized 
by fever, abdominal pain, and diarrhea, which re- 
sults from ingestion of the oocysts or spores of 
Uaspora belli or / fiominis. Volunteers develop 
symptoms about 1 week after ingestion, and the 
disease subsides spontaneously after 1 to 4 weeks. 
Infection is much commoner in children and is 
worldwide in distribution, especially in tropical 
areas The diagnosis is made by finding oocysts of 
tlie organisms in zinc sulfate concentrates of feces. 
Isospora species occur in many lower animals, but 
only the dog is suspected of playing any part as 
a rcscnoir of the species that are pathogenic for 

Diagnosis can be confused if oocysts of other 
members of the order Coccidia are ingested in fish 
or meat and appear m the feces without undergoing 
any change in tlie intestinal tract 

No treatment other than symptomatic Is needed 
as the infection is self-limited 

BALANTIDIASIS 

Dalmitidium coll is the largest protozoan of man 
and inhabits the large intestine where, in addition 
to an asymptomatic carrier state, it elicits disease 
ranging from mild recurrent diarrhea to fulminant 
ulceration with perforation and death. In many 


respects tlie disease is similar to amebiasis in its 
range of m-inifestations, e.\clusive of spread to the 

liver. 

The illness has been reproduced by feeding the 
organism to volunteers. The diagnosis is made by 
finding the parasites in the stool, but repeated ex- 
aminations may be required because shedding of 
balantidium is intermittent. The disease is more 
likely to occur in tropical areas, but at least 60 
cases have been reported in the United States 
Swine are frequent carriers of B- coli, but there is 
great doubt about their role in the spread of the 
disease to man. 

The tetracyclines are Iiighly effective in treat- 
ment as is Diodoquin in a dosage of 0 65 Gm three 
times daily for 3 weeks. 
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INTRODUCTION 

Gustave J. Dammin 

Many leaders of these chapters are likely to be 
physicians or medical students confronted wdlh a 
clinical problem as it is presented by the patient 
who (1) has come from a tropical country where 
the cause of the patients illness has not been de- 
termined, (2) now resides in this country but has 
his origin in an area in which parasitic diseases oc- 
cur, or (3) has traveled recently in areas where 
he might have been exposed to parasitic diseases. 
For such readers these chapters need not discuss 
in detail the problems which abound in areas where 
parasitic diseases are endemic. One should be 
aware, however, that in these areas the major 
causes of death are diseases over which we have 
gained some control, namely, the acute respiratory 
and gastrointestinal infections, tuberculosis, and 
tetanus. These diseases occur along ^vlth the para- 
sitic diseases in countries which are hampered by 
poor economic, social, and political development 
We are determined, in carrying out the national 
policy, to assist the developing countries which are 
deficient in these u'ays. Such assistance must em- 
phasize preventive medicine (Weller), whereas in 
these chapters, the emphasis will he on the diag- 
nosis and treatment as it pertains to an individual 
patient. For those desiring more information about 
the clinical and therapeutic aspects of the helmin- 
thic diseases than space here permits, reference 
may be made to selected readings listed at the end 
of this Introduction. 

For the many reasons cited by Lenezner and 
Owen, we may expect to encounter more instances 
of so-called tropical diseases in nonendemic areas. 
In their clinic in Toronto, cases of filariasis, schis- 
tosomiasis, clonorchiasis, hookworm infection, hy- 
datid disease, and cysticerosis were identified. 
These observations raise the question of the gravity 
of the helminthic infech’on observed m a recent 
traveler to an endemic area, as compared svith the 
infection as seen in the adult individual who resides 
in an endemic area. The clinical picture in the ini- 
tially exposed is generally more severe, but the 
immunologic basis for differences from the clinical 
picture seen in the endemic area can orJy he ii- 
ferred at the present time. It is plain from surv^ 
made in endemic areas that the identification of 
helminthic infection is not necessarily indicative of 
helminthic disease. In the initially exposed, how- 


ever, a positive laboratory finding is likely to be of 
much greater import. 

The clinical picture presented by helminthic in- 
fection is seldom such that more than a presump- 
tive diagnosis can be attained. Knowledge of the 
patient's travel is important, but tbe definitive di- 
agnosis must depend upon the laboratory. Should 
a diagnosis of helminthic infection be made in the 
laboratory, it is still the clinician’s responsibility to 
determine whether such an infection may be the 
basis for the entire clinical picture presented. 

Brief mention should be made of the manner in 
which helminthic infections differ from and also 
resemble those produced by bacterial and other 
microbial agents. As adults, helminths do not mul- 
tiply in the human host, and in this sense, these 
Infections are self-limited. In their adult form, 
helminths make their presence knmvn by effects 
which are primarily mechanical. The lumen of a 
hollow viscus or a duct system may be occluded 
(e.g., oscariasis, fascioliasis), penetration of the in- 
testinal wall to obtain a blood meal may lead to 
extensive blood loss (e.g., hookworm), or residence 
in the wall of a hollow viscus, intra- or extravascu- 
larly, may lead to ulceration and blood loss (stron- 
gyloidiasis, schistosomiasis). As larval forms, hel- 
minths may produce symptoms during penetration 
of the skin (e.g., schistosomiasis) or during migra- 
tion to their site of definitive development (trichi- 
nosis). Because of the self-limited aspects of these 
infections, therapeutic agents may be used which 
might not be employed if the infection were to 
have a prolonged course. This applies particularly 
to the use of the steroid hormones in the manage- 
ment of trichinosis in which striking symptomatic 
relief has followed such treatment. There is a simi- 
larity between helminthic and microbial infections 
rvilh reference to the immunologic response of the 
host In both, precipitins, complement-fixing, sldn- 
sensitizing, and neutralizing antibodies have been 
demonstrated. Tests for immunologic response have 
diagnosh’c value in trichinosis, echinococcus dis- 
ease, filariasis, and schistosomiasis. 

The knowledge that immunity can be developed 
against metazoan parasites has been knorvn for over 
40 years. It is difficult to explain however why this 
observation was not used in the development of 
measures to control helminthic infections. Protec- 
tion conferred by an initial infection against seri- 
ous subsequent infections was obser\’ed in taeniasis, 
trichinosis, scliistosomiasis, and infections witlj 
Hymenolepis iraterna. Recently, with improved 
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methods of axcnic culture of helminths, the pr(»* be simply termed hoohcorm infection, and the in- 


pects for development of parenteral vaccines have 
also improved (Soulsby). Also worthy of further 
study as ingredients of vaccines are related forms 
of pathogenic helminths, which themselves are not 
pathogenic but may induce immunity. The use of 
irradiated larvae which do not infect, but protect 
against subsequent challenge, shows promise. When 
one considers how ineffective field control, the con- 
trol of vectors, and individual prophylaxis have 
been in our attempts to control the helminthic in- 
fections, these advances through vaccination are 
most welcome (Stoll), 

Interest in the helminthic and other parasitic 
diseases has been revived, because as mentioned 
above, we are determmed as a nation to aid the 
undcrprivilqged countries, since this is believed to 
be a prerequisite for retaining our own eminent 
position internationally and therefore hopefully as- 
suring peace in the world. However, we have not 
prepared ourselves properly for this task, In tlie 
sense that our teadimg of tropical diseases and re- 
search in the characteristicmly tropical diseases 
have been deficient. For too long have we given 
these diseases an importance in the curriculum in 
reblionship to the importance they have in this 
country. 
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Q-1 Q INTESTINAL 

ZIO nematodes 

Gustave /. Vammin 

HOOKWORM DISEASE 
Definition. lIookwoTm disease is a symptomatic 
infection caused by Ancijlostoma duodenale and/or 
Nccator amcricanus. Asymptomatic infection may 


dividu^ with such infection a carrier. 

Etiology. Aneyfostoma duocfenole, also known as 
llie "Old W'orld” hooksvorm, possesses four promi- 
nent hooklike teeth in its adult stage. The male 
measures about 1 cm in length and presents a char- 
acteristic copulatory bursa. The adults inhabit the 
upper small intestine of man. They attach to the 
mucosa by means of the mouth parts and suck 
blood. Each adult daily extracts about 0.5 ml of 
blood. The adults migrate within the small intes- 
tine, and each site of attachment persists tempo- 
rarily as a bleeding point. Following fertilization, 
the female liberates eggs which measure about 40 
by 60 and are usually in the two- to four-celled 
stage when discharged in the feces. 

Nccator americanus, the "New World” hook- 
worm, has a buccal capsule containing dorsal and 
ventral plates rather than teeth. 

The life cycles of these hookworms are similar. 
Folbwing development to the filariform or infec- 
tive stage, the larvae are capable of penetrating the 
skm to enter vessels which cany them to the lungs 
The larvae leave the alveolar capillaries and enter 
the alveoli. They ascend the respiratory tree, enter 
the pharynx, and are swallowed. They reach the 
intestine about 1 week after penetration of the skin 
and 3 or 4 weeks later are mature. The adults have 
been known to survive in the human intesltoe for 
5 years. 

Epidemiology. Environmental conditions condu- 
cive to the development of the hookworm egg into 
the infective filariform larval stage are found in 
tropical and semitropica! regions in which adequate 
rainfall occurs. Given the appropriate environmen- 
tal con<btJons, hookwonn infection will occur wliere 
there is opportunity for contact of the skin with 
contaminated soil. Infection can be acquired by 
ingestion of Blanform larvae, but this mode of trans- 
mission is of little importance. That development 
of hookworm eggs into the filariform Larval stage 
can occur in contaminated bedclothes h.vs been 
shown, and also that fomites-bome hookworm in- 
fection may be of importance. 

The white race is more susceptible to s>Tnpto- 
matic infection lh.vn the Negro, the latter still con- 
stituting, however, an important reservoir of Infec- 
tion. Probably because of greater exposure, males 
show a higher mcidence of infection than is found 
in females. 

Regarding the relative importance of the two 
hookvv-orms, it has been stated that “Anctjlostoma 
presents a greater public healtli problem than 
Nccator americanus, the species now established in 
the southern United States, because it is more liarm- 
ful to the host, is less amenable to treatment, and 
Its free-living stages are more resistant to climnUc 
conditions” (McOay). 
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Pathogenesis and Clinical Manifestations. The 
nature and severity of the clinical manifestations 
arc determined by the stage and intensity of the 
infection. During the invasion of the exposed skin 
by the larvae, the affected parts become erythcnja- 
tous and edematous, and there is severe pruritus. 
These manifestations are more marked in N. ameri- 
caiuis infection than in A. duodenale infection. The 
lesions are commonest about the feet, particularly 
between the toes, and have been termed “ground 
itch.” 

During passage of the larvae through the lungs, 
cough and, in se^’cre infections, fever are obseO'ed. 
Tire pulmonary symptoms W’ete particularly trou- 
blesome to soldiers engaged in close combat In the 
ctstnpmgo m Second V/oild NVar. 

Epigastric pain, abdominal tenderness, and occa- 
sionally vomiting and diarrhea can be prominent 
symptoms during the establishment and migration 
of the hook\\’orms in the small intestine. Roenlgeno- 
graphie studies at this stage may reveal a “cog- 
wheel” pattern of the upper small intestine, pre- 
sumably produced by the mucosal involvement. As 
hookworm disease was observed in American troops 
in northern India and Burma, where A. duode’^ah 
infection predominates, it was during this phase of 
the disease that medical aid was sought. Eosino- 
philic leukocytosis was present, but anemia was 
not, nor did it develop, presumably because of the 
short duration of the infection and early treatment 
Judging from the number of adult hookworms cob 
lected from nosttreatment fecal specimens, these 
were relatively light infections. They were pre- 
dominantly A. duodenale infections, which are gen- 
erally accepted as being more severe than those 
caused by iV. amerlcanus. Clinical observations on 
induced A. duodenale infections have been reported 
by Brumpt 

The clinical picture which has been described 
as classic occurs in residents of endemic areas and 
differs from the above in that anemia \^rth symp- 
toms and visceral changes incident to the anemia 
are dominant The seventy of the disease and the 
prognosis are dependent upon such factors as the 
age of the patient, the magnitude of the worm 
burden, the duration of the disease, and diet. Young 
children more often manifest the extreme anemia 
with cardiac insufficiency and anasarca. The anemia 
usually develops slowly and results from loss of 
blood — that which the hook«’orm sucks and ingests, 
and that which oozes into the intestinal lumen after 
the hookworm has left the site of mucosal attfldi- 
ment. Patients may have a depraved appetite with 
a desire to eat coarse or gnlty materials. Those who 
survive to puberty show a retarded physical, men- 
tal, and sexual development. Milder degrees of the 
disease, as seen in older children and adults, are 
characterized by lassitude, dyspnea, palpitation. 
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tachycardia, and constipation, in addition to the 
pallor of the skin and mucous membranes. In most 
areas in which hookworm disease is common, 
dietary deficiencies are also common. Poor diet in- 
fluences unfavorably the course of hookivorm dis- 
ease. Study of hoolavorm infection in the dog has 
sho^v^ that host control of infection depends largely 
upon the development of immunity, and that im- 
munity does not develop or may be lost in the 
presence of malnutrition, avitaminosis, and anemia. 
In man, considerable clinical improvement can re- 
sult from institution of a balanced high protein 
diet, and in the treatment of severe infection it is 
essential tliat the utmost improvement from proper 
diet be attained before drug therapy is begun. 

AsycnptfflSR'xtwi w>5c*t.\c>n, ca iVv® tmier is 

common in endemic areas, where asymptomatic 
outnumber symptomatic infections, considering all 
age groups, 20 to 40 times. The worm burden is 
small, and in these areas the carrier state is prob- 
ably indicative of some degree of acquired host 
resistance. 

Laboratory Findings. In symptomatic infection, 
hookworm eggs arc usually numerous enough to 
be detected by microscopic examination of a direct 
fecal smear. Abdominal and pulmonary symptoms 
appear before eggs are discharged, although a pre- 
sumptive diagnosis may be made on the basis of the 
clinical history and the eosinophilic leukocytosis. 

The feces seldom contain gross blood in hook- 
worm disease, although usually positive for occult 
blood. Charcot-Leyden crystak are found in the 
feces in one-half to two-thirds of the cases. 

Trichostrotigtjlus eggs must be distinguished from 
hookworm eggs. The former ate larger and in a 
later stage of maturation when observed in a fresh 
fecal specimen. 

Generally, the leukocyte count is normal or 
slightly elevated, and the percentage of eosinophils 
increased to 15 or 30 per cent. However, in some 
early cases, the leukocytosis may be marked and 
the eosmophil percentage as high as 70 or 80 per 
cent. In such cases, a diagnosis of eosinophilic leu- 
kemia has been entertained. In general, the more 
marked the anemia, the lower the percentage of 
eosinophils. The anemia is characteristically of the 
hypochromic, microcytic variety. 

Differential Diagnosis. Since hookworm disease 
occurs in areas in which beriberi and malaria in 
their cachectic forms are also more common, these 
must be differentiated from hookworm disease, or 
their coexistence established. 

Treatment. Specific therapy for the infection and 
that directed toward improvement of the nutrition 
and anemia should be considered simultaneously. 
In the usual case with slight to moderate anemia, 
anthelmintics can be administered followed by iron 
therapy and a high protein diet. The current drug 
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of choice is tefrachlorethyicnc adminislcred ns a 
single-ilosc oral treatment. For acliilts, 3 ml usually 
suffices, and for children, 0 2 ml is given for each 
year of age. The night before treatment, the pa- 
tient is permitted a light, fat-free meal. The follow- 
ing morning, breakfast is omitted and the drug 
administered. No food is permitted for 4 hr and no 
alcohol for 24 hr. Purgation following administra- 
tion of the drug is no longer recommended. 

^VlIen ascariasis also is present, one of two al- 
ternatne courses may be chosen. The ascariasis 
may be treated first piperazine citrate (sec 
Ascariasis, below), followed by Iclraehlorethylcnc, 
or biphenium hydroxyn-iphlhoate (Alcopar), winch 
IS effective against both nematodes, may be pre- 
scribed A single dose of S Gm of biphenium hy- 
\s dispersed iw water arrd ingested 
in the morning on an empty’ stomach No food is 
permitted for 2 hr, and no purgaUon is recom- 
mended. 

The aun in treatment is reduction of the worm 
burden to an asymptomatic level Complete eradica- 
tion may be difficult, especially in ancylosloma m- 
fvctioQ, which usually requires several courses of 
treatment 

^Vllen anemia is severe and there is malnutrition 
with anasarca, blood transfusions and a high-pro- 
tcin diet should be given before drug treatment is 
begun. In such cases the blood should be given in 
small increments and m a total amount sufficient to 
raise die hemoglobin level to 9 to LO Cm per 100 
ml In advanced cases it may be necessary to delay 
dnig treatment for 2 to 3 weeks 

Prognosis. Generally, the immediate prognosis is 
good. When opportunity loi remfeebon persists and 
nutrition cannot bo maintained, a state of chronic 
debility develops In children development is im- 
paired, and in adults intercurrent disease proves 
serious 

Prevention. Many of the measures required are 
obvious but difficult to apply on a large si^c. Even 
if facilities for proper disposal of feces are provided. 
It IS no sunple matter to educate the population m 
tlieir use. Soil pollution must be eliminated, and 
until this is accomplished, avoidance of direct skin 
contact vv'ith the soil (as by wearing of shoes) 
should be encouraged. Periodic mass treatment of 
the population has been used In some hookworm 
control programs. 


CnEEPlNC EnUPTlON (Cutaneous 
Larva Migrans) 

Definition. Creeping eruption is an infection of 
the skin in man caused by the larv’ae of the dog and 
cat hookworm, Ancijlosloma brasilicnse. The other 
. dog hookworms, A. caninum and Uncinarla sleno- 


cvpluih, and the horse botfly, CasleropJitltis, in 
their larval stage may produce a similar cutaneous 
infection. 

Etiology. The adult stage of A. brasiliensc occurs 
regularly only in tlic dog and cat. The larvae 
emerging from eggs discharged in the feces develop 
to tlic filariform stage and then are capable of pene- 
trating the skin. In man, the larvae usually remain 
in the skin and migrate, producing an irregular 
ery-tliematous tunnel visible on the skin surface. 

Epidemiology and Distribution. Dogs and cals 
constitute the reservoir of infection for man. Trans 
mission among animals and to man requires en- 
vironmental temperature and humidity appropriate 
for development of the egg to the infective filari- 
form larva stage. Such conditions are found in the 
southeastieia United States, conttod areas <i£ Cential 
America, northern South America, northern and 
southern Africa, and some areas of the Far East. 
Beaches and otlier moist, sandy areas are hazardous, 
because animals choose such areas for defecation, 
and the A. brasihense eggs develop well in such 
sod. 

Pathogenesis and Clinical Manifestations. The 
site of penetration of tlic skin by the larva becomes 
apparent in a few hours. The hands, feet, and legs 
are most frequently involved. Tlie migration of the 
brva in the skin is accompanied by severe itching 
Scratching may lead to bacterial infection. In the 
course of 1 week the initial red papule develops 
into an irregular, crylliematous, linear lesion which 
may attain a length of 15 to 20 cm. Development 
of A. brmliense to the adult stage occurs rarely 
in m.in. 

Wright and Gold have observed Loefflefs sp- 
drome in 20 of 52 eases of creeping eruption. 
Transient, migratory pulmonary infiltrations were 
associated with an increase in eosinophils in the 
blood and sputum. Tlie lesions have been inter- 
preted as an allergic reaction to the helminlliic 
infection. 

Laboratory Findings. Eosinophils occur in the 
lesion, but eosinophilic leukocytosis is slight, except 
when Loeffler’s sjndromc appears. The percentage 
of eosinophils in the blood may then rise to 50 per 
cent, and in the sputum to 00 per cent. 

Treatment, Carbon dioxide snow or ethyl clilo- 
ridc may be applied to the advancing portion of 
the lesion. This is effective and also practical, wlicn 
die lesions .are few m number. Superficial bacteri.al 
infections are improved by the application of wet 
dressings and elevation of the extremity. For in- 
tense itching, antipruritic lotions should be applied 
locally and antihistaminics taken orally. 

Prognosis. Untreated infections may Last several 
months. Treatment is usually sought because of 
severe pruritus and moderate incapacitation. The 
above treatment is usually successful. 
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Prevention. Dogs and cats should be pre\’ented 
from contaminating recreation areas. Contact of tlie 
shin with the soil should be avoided in areas sus- 
pected of being contaminated. 

STRONGYLOIDIASIS 

Definition. Strongyloidiasis is an intestinal infec- 
tion of man and other higher mammals, caused by 
Strongijloides stercoralis. 

Etiology. The adult female resides in the mucosa 
of the upper small infestme. Tlic cmbrj’onated eggs 
soon dexelop into the rbabditiform larvae, in which 
form tho)' arc observed In the feces. Further larval 
development may take one of several courses: (1) 
In a suitable crtemal environment, the indirect, or 
sevual, cycle occurs. {2) Under less suitable ex- 
ternal circumstances, the rbabditiform larvae de- 
velop into the infective filariform stage (direct, or 
asexual, cycle). (3) Development to the infective 
stage is presumed to occur as well in the lower 
intestine, the filariform larvae then entering the 
body through the skin of the perineum, or through 
the intestinal wall. Mechanisms such as those men- 
tioned in (3), above, may explain the long periods 
of Infection obsen’ed (20 to 30 years) in those 
who have left endemic areas. 

The course of tlie filariform larvae of S. stercoraJis 
after entering the skin, tlic oral mucosa, or the in- 
testinal mucosa resembles that of the hookworm 
larvae. In the intestine the females burrow into the 
mucosa, from which site embryonated eggs arc 
discharged. 

Epidemiology and Distribution. The usual mode 
of infection is the penetration of the skin by larvae 
present \n contammalcd sod. Some mfccUons may 
result from ingestion of contaminated food and 
drink, and some are believed to be transmitted by 
contact. 

Endemic areas are found primarily in the tropics, 
although sporadic cases have appeared in temperate 
regions. 

Pathogenesis and Clinical Manifestations. Ery- 
thema with petechiae and pruritus characterizes 
the site of cutaneous penetration by the larvae. 
Ckiugh, occasionally with dyspnea and hemoptysis, 
accompanies the stage of migration throu^ the 
lungs. X-iays may exhibit pulmonary infiltration at 
this stage. 

Epigastric pain and tenderness, nausea, flatu- 
lence, and vomiting, as well as diarrhea alternating 
svith constipation, may be observed during the 
intestinal phase of development. The diarrhea may 
persist for long periods, causing excessive loss of 
fluid. Intestinal ulceration and sloughing are noted 
in severe cases. As with hookworm infection, many 
asymptomatic infections occur, and most sympto- 
matic infections occasion only vague complaints. 
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In massive infection, there may be serious compli- 
cations. The extensive involvement possible is illus- 
trated by the fatal case described by Kyle ct ah, in 
which extensive pulmonary hemorrhage and edema 
were observed. Larvae were found in the myocar- 
dium, lungs, trachea, liver, and gallbladder, in 
addition to the intestine. In other fatal cases, in- 
testinal perforation and peritonitis have been en- 
counter^. 

Laboratory Findings. Although the nature of tlie 
clinical findings may be suggestive, the definitive 
diagnosis must be made in the laboratory. Fresh 
fecal specimens should be examined to avoid con- 
fusion with hookw'orm infection; generally, fresh 
specimens contain larvae in strongyloidiasis infec- 
tions, while in hookwonn infection they contain 
eggs. \Vhen pulmonary involvement is present, the 
sputum should be examined for larvae. Xlicroscopic 
examination of the duodenal washings may readily 
establish the diagnosis. It should be performed 
when other studies are negative, and in determining 
the efficacy of treatment. 

Eosinopbihe leukocytosis is common, except In 
very severe cases in which eosinoplillic leukocytes 
may be entirely absent. 

Treatment, Dithiazanine iodide has emerged re- 
cently as the only chemotherapeutic agent of 
promise for this infection. Cure rates as hi^ as 85 
per cent have been achieved. For the adult, 100 
mg in the form of coated tablets is given three 
times daily for 10 to 14 days. This dosage may be 
repealed ^ter an interval of 2 weeks if eradication 
is not accomplished by the first course of treatment. 
For children, proportionately smaller doses are 
given and continued over a period of 14 to 21 days. 
Should gastrointestinal disturbance follow the initial 
doses, then succeeding doses should be reduced. 
DUhiaranine iodide should not be given to patients 
who have severe renal insufficiency and most be 
given with caution in the presence of fluid and 
electrolyte disorders. 

Prognosis. In the usual case, the prognosis is 
good. Since the occurrence of hjperinfection is 
unpredictable, every eS^oit should be made to eradi- 
cate the infection in each case. In severe cases with 
hyperinfection, the prognosis is poor. 

Prevention. In general, the measures are those 
for the control of hookworm infection. In addition, 
it is well to remember that infection may be con- 
tracted by ingestion of contaminated food (espe- 
cially uncooked vegetables) or of contaminated 
dnnking water and by contact. 

ASGARIASIS 

Definition. Ascariasis is an infection of man 
caused by Ascaris Itimbricoides and characterized 
an early transient pulmonary phase related to 
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migTation am1 a htcr pTnlcnigct^ phase during 
uhicl) the adult ascarids inhabit the lumen of tlie 
intestine. 

Etiology'. The adult asearids are large (20 to 40 
cm in length) and cjhndric in shape, with each 
extremity tapering to a blunt point. Their usual 
habitat is the small intestine, but they arc prone to 
migration. The eggs arc elliptic (30 to 40 /» by 50 
to (50 /t) and ha\e an Irregular, dense outer shell 
and a regular, translucent inner shell. They are 
not infective upon discharge from the Ixxly. Under 
proper conditions of vvamith and moisture the 
<iviim develops to the infective larval stage in about 
4 to 5 vvccli. Upon ingestion of the egg at this 
st.igc, the larva is liberated In the small Intestine. 
It migrates through the wall and ultimately re.aclies 
the lungs. After about 10 days in the pulmonary' 
capillaries and alveoli, the larvae pass In turn to 
the bronchioles, bronchi, trachea, and epiglottis, arc 
swallowed, and develop into male and female adults 
in the small intestine. 

Epidemiology and Distribution. Infection fol- 
lows llie ingestion of Uie embrjonated egg con- 
tained In contaminated food, or, more commonly, 
the introduction of the eggs into the mouth by the 
hands after contact willi contamin,itcd soil. Since 
the eggs are resistant to desiccation and wide varia- 
tions in temperature, tlie disease is world-wide 

Pathogenesis ond Clinical Manifestations. Be- 
cause of the extensive migration of which both the 
hirvae and adults are capable, clinical m.inifcsta- 
tions may be unusually diverse In heavy infections, 
severe bronchopneumonia, occasionally fatal in chil- 
dren, can occur during the migration of tlie larvae 
through die lungs Light infections assume im- 
portance when single or several adult asearids ob- 
struct the appenda, the bile, the pancreatic ducts, 
or other hollow structures of the upper intestinal or 
respiratory tracts 

Laboratory Findings. The diagnosis is usually 
made by finding the ova in the feces. Tlie intact 
ova arc characteristic and not easily confused wiib 
other ova. 

Symptomatic Infection, especially' during the 
plusc of larval migration through the lung, is usu- 
ally accompanied by fever and eosinophilic IcuLo- 
cytosis. 

Treatment. Only symptomatic treatment can bo 
lived during the pv’riod of pnlinonaiv' involvement 
hy the migrating larvae. For removal of tlic adult 
worms from the intestines, piperazine citrate, as n 
Ilivorcxl sirup administered in a single dose after 
bn-aliasl on two successive days, will cure 01 per 
tnil of eases (Drown). For younger children (30 
to 50 lb). 2 Cm piperazine crpiivalcnt contained 
in 20 ml sirup constitutes (Mch dose; for older 
children and adults, 3 tn 3.3 Cm is given. No 
, parliciil.ir tbcl.irv regulation is necessary. Tlie drug 

) 


must be administered with csuilion when renal in- 
siifRciency is present, since impaired elimination 
may produce ncurotoxic signs. 

Piperazine citrate is the treatment of choice, hut 
clitliiazanine iodide (see Strongyloidiasis) or biphen- 
iam hjdroxynaphtholatc (see Hookworm Disease) 
may be used. When both ascariasis and trichiiriavis 
are present, treatment with dilhlnzinine Iodide is 
preferred \\'hen both ascariasis and infection witli 
Anctjlastoma dtiodcnalc arc present, treatment with 
biplieninm hydroxynaphthoate is recommended. 

Prognosis. The prognosis in intestinal infection is 
gciicralK’ good. \)'hen acute or chronic obvtnietion 
of ducts or hollow viscera has occurred, the im- 
mediate prognosis is determined hy the promptness 
of diagnosis and treatment. 

Prevention. Ascariasis Is primarily a houscliold 
infection of ntral areas. All infections should be 
treated, personal hygiene stressed, and adequate 
toilet facilities provided. 

VISCERAL L/\nVA MIGRANS 

This is a clinical syndrome usu.nlly observed in 
children and characterized by hepalosplenomegaly, 
sUn rash, and recurrent pneumonitis with wheezing 
tespitatoty distress. There is generaUy a history of 
<lirt c.iting and contact with dogs or cats in or near 
the household. Ocular involvement and convulsions 
may also be observed. 

Leukocytosis with eosinophilia to high levels 
(over 60 per cent) and hypergammaglobulinemia 
are common. The eosinophilic leukocytes are un- 
usual in that tliey are large and have vacuolatcil 
cytoplasm containing gronnles which vary In size 
and arc present in smaller than normal numlicn. 

Tliis syndrome, with various degrees of clinic.il 
severity, follows tho ingestion of tlie infective eggs 
of nematodes whose life cycle is not completed in 
man. It is caused most often by nematodes whose 
life cycle IS completed in the dog (Toxocara canls) 
or in the cat {Toxveara call). Larvae of the Toto- 
cora become widely disscminateil in the body and 
incite a granulomatous reaction. Lesions are promi- 
nent m the liver, lungs, skeletal muscle, and brain. 
Larvae with eosinophilic leukocytic and granulom- 
atous reactions liavc been noted in hver biopsies 

Tlie clinical diagnosis may be made on the basis 
of tlie findings described. A hemagglutination test 
employing ascaris and toxocara antigens has been 
demonstrated by Jung and Pacheco to be a valuable 
aid in the laboratory diagnosis of visceral l.in'n 
migraiis. Tliis is another variety of helminthic in- 
fection capable of causing l^lDcr’s syndrome. 
\M«cn tho respiratory dilTIcully is proiioimccd, 
ACTII or adrenal cortical steroids may prove help- 
ful. Tlicrc is no particular treatment for the other 
lesions. 
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In conUol, measures are directed toward pre- 
venting ingestion of tiie toxocara eggs. Removal or 
repeated treatment of infected cals and dogs must 
be considered, as well as modifying the diet to 
reduce the temptation to ingest contaminated ma- 
terials. 

ENTEROBIASIS 

Definition. Enterobiasis (pinwortn, seatworm, or 
threadworm infection; oxjTiriasis) is an intestinal 
infection of man caused by Entcrobins vermtetdom 
.and characterized by perianal pruritus. 

Etiology. The adults are small fusiform worms 
usually inhabiting the cecum and colon, attached 
to the mucosa. The female a\erages 10 mm in 
length, the male 3 mm. The eggs are deposited by 
the female on the perineal skin, the migraUon gen- 
erally occurring at night. Each egg contains an em- 
bryo which, a few hours after being deposited, 
develops into the infective larva. After ingestion of 
the egg, the laA’a is released In the small intestine. 
The adult stage is soon reached and, in less than 
1 month from tlie time of ingestion, newly devel- 
oped gravid females are again discharging eggs. 
They are planoconvex and measure approximately 
20 by 50 li. The shell is clear and doubly contoured. 

Epidemiology and Distribution. The eggs usu- 
ally reach the mouth of the human host by xvay 
of contaminated hands, food, or drink, although 
airborne transmission may also occur. They arc 
relatively resistant to desiccation, and because they 
are Infective soon after discharge from the body, 
transmission xvithin family and children's groups 
occurs readily. Enterobiasis is found in all climates 
and is probably the commonest hclmmtKic infecUon 
of man. Its low incidence in some tropical areas, 
however, defies explanation. 

Clinical Manifestations. The commonest symp- 
tom is pruritus ani, which is most troublesome at 
night, being related to the migration of the gravid 
female worms. Scratching may lead to perineal 
eczema or pyogenic infection. 

Laboratory Findings. Examination of material 
obtained from the perineal skin for ova by means 
of a cellophane or Scotch tape s\vab is essential for 
the detection of enterobiasis. Less than 5 per cent 
of infections are diagnosed by searching for ova 
in the feces. Scrapings from under the nails may 
reveal ova. The diagnosis can be made by exam- 
ining the feces for adult worms following a laxa- 
tive Of an enema. Eosinophilic leukocytosis is in- 
constant. 

Treatment. All infected individuals in an affected 
communal group should he treated simultaneously. 
The aim in drug treatment is reduction of the wonn 
burden. Drug treatment combined with such meas- 
ures as (1) providing a sleeping garment which 
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prevents contamination of the fingers with ova from 
the perianal region, (2) instituting a morning 
shower, (3) lukewarm water enemas, and (4) local 
antipruritic ointments is directed toward producing 
asymptomatic infection, with eradication or cure 
not the immediate objective. 

The preferred therapeutic agent is piperazine 
citrate, which has been found effective in as high 
as 97 per cent of cases xvhen prescribed in a single 
course of 7 days. It is given in sirup form each day 
before breakfast, with a total daily dose of 250 mg 
for children weighing up to 15 lb, 500 mg for those 
weighing bet>veen 16 and 30 lb, 1 Gm for those 
between 31 and 60 lb, and 2 Gm for those over 60 
lb (Brown). When renal insufficiency is present, 
the piperazine should be given in smaller dosage to 
avoid neiiroto.x{city. 

Although piperazine citrate is the drug of choice, 
it should be mentioned that dithiazanine iodide and 
pyn’inium chloride have been demonstrated to be 
efficacious in enterobiasis. However, piperazine 
citrate is better tolerated and longer established as 
an effective drug. 

Prognosis. The prognosis xvith reference to the 
duration of infection is good, particularly when the 
other measures mentioned are carried out in addi- 
tion to drug treatment. 

Prevention. Methods of preventing autolnfectlon 
and dissemination within a group inx'olving children 
are difficult to apply. Personal and environmental 
hygiene should be stressed and anthelmintic and 
symptomatic treatment of pruritus ani Instituted 
To control Infection within a group, simultaneous 
treatment of all cases must be carried out. 


TRICHURIASIS 

Definition. Trichuriasis (whipworm infection, 
tiichocephaliasis) is an intestinal infection of man 
caused by Trichuris trichiura and is characterized 
by invasion of the colonic mucosa by the adult 
trichuris. 

Etiology. The adult whipworms possess a thread- 
like anterior two-thirds and a stouter posterior third, 
giving them a whiplike structure. The eggs are 
characteristic, being barrel-shaped, brown, and 
translucent and having knoblike extremities. 

Epidemiology. The mode of spread resembles 
that of ascariasis, the eggs generally being intro- 
duced into the mouth by contaminated fingers. 

Pathogenesis and Clinical Manifestations. Symp- 
tomatic infection generally requires the presence of 
large numbers of adult whipworms and may be 
correlated in part witb the degree of mucosal in- 
volvement. Heavy infections usually occur only in 
children and may be accompanied by nausea, ab- 
dominal pain, and diarrhea. 
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LaLoratory Eindings. In sjmptomaUe infection, 
large numbers of eggs arc present in the fcccs. 
Eosinophilic iculocjlosis and anemia may accom- 
pany such infections. 

Treatment. Dithiazaninc iodide is noav the drug 
recommended for trichuriasis, irrespecthc of the 
graMly of the infection. Wjth the more $e\cre in- 
fections, as lliosc cliaractcrized by nausea and 
diarrhea, it should be remembered that dithiazaninc 
may exaggerate such sj-mploms tcroporanly. Should 
marled gastrointestinal s)7nptoms persist, the dos- 
age should l)e reduced but administration of the 
drug continued for 10 to 14 days. Initial dosage, 
and one usually effective, for adults, is 100 mg 
three limes per day for the first day, and for the 
subsequent 4 days, 200 mg three times per day. 
For children correspondingly smaller doses arc 
administered. 

If infection persists, a second course of treatment 
may l>c given after an interval of 2 weeks. Should 
toxicity of major import become apparent, then 
piperazine citrate, as recommended for entero- 
biasis may bo given. 

Prognosis. MTiimvorm infection, unless charac- 
lenzed by severe dianhea, blood loss, and systemic 
reaction, usually responds well to treatment with 
dithiazaninc. Serious infections do occur (Cetz) 
and may require supportive treatment as well as 
chemotherapy. 

Prevention. Measures recommended for as- 
c.iriasis apply also to trichuriasis. 

TnicnosTiiOxcmASis 

Definition. Trichostrongvliasis is an inlcslmal in- 
fection of man and other m.-immah'an hosts, includ- 
ing sheep, goats, and cattle. 

Etiology. Almost a dozen species of Trlcho- 
slrongijlfii are knovvTi to liavc infected man. Few 
human infections have been reported in the United 
Slates In view of the high frequency of animal 
infections here, the low incidence of hum.nn in- 
fections is difficult to iindcrslaitd. The possibility 
exists that some may be diagnosed as hookworm 
infection. 

Tiie ova resemble those of the hookworm but 
arc l.vrgcr and. when observed in a fresb fecal speci- 
men, show a more advanced stage of segmentation 
(IB- to 32-cclled stage). 

Pathogenesis. Infection is acquired by Ingestion 
of tlie l.irvae, rather than b)' their penetration of 
the skin The adult maintains residence in the in- 
testine for long periods Sandground, who infected 
iilniself, observed infection to last more than 8 
)cars. 

.Manirrslaiions- Diarrhea is ohserveil occasionally 
vvlien infection is massive, but most infections are 
asjTUptoinatie. Tlie parasite t>vvi*s its impoilancc 


prunarily to iho resemblance of its ov’a to those of 
tlie hookworms. Moreover, because the tricho- 
sbungylidae do not respond to anthelmintics ef- 
fecUve in hookworm infection, it may be assunied 
incorrectly that one is dealing with refractory hook- 
worm infection. 

Laboratory Diagnosis. The diagnosis depends 
upon the finding of the ova in the feces. Since they 
are few in number, they are usually found only 
when a concentration method is used. In symp- 
tomatic infections, there may’ be leukocytosis with 
marked eosinophilia (e.g., SO per cent). 

Treatment. These infections do not respond to 
tetrachlorethylenc treatment. However, good results 
have been obtained with dithiazaninc iodide as 
recommended for trichiiris infection, and with 
piperazine citrate as used in enterohius infection. 

Prevention. Contamination of the hands and fond 
grown in contaminated soil are to be ovoided. 
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TRICmNOSIS 

Gtisiace J. Dammin 


Definition. Trichinosis is caused by the intestinal 
nematode Trichinella spiralis. As a clinical infection, 
it is characterized by diarrhea during the des’elop- 
ment of the adults in the intestine and by myositis 
with systemic reaction during the larval migratioft 
and invasion of the skeletal muscles. 

Etiology and Epidemiology. Infection Is con- 
tracted following ingestion of meat containing the 
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encysted larvae of T. spiralis. There are no inler- 
SQCcllate hosts, both the adult and larval stages de- 
veloping in the same host. Trichinella spiralh ex- 
hibits little host specificity, infection having been 
produced or observed in the bear, wild boar, horse, 
cow, dog, cat, rabbit, guinea pig, mouse, and 
matine mammals in ad^tion to the lat and the pig. 
Man is particularly susceptible; most fotvl are re- 
sistanL Among pigs, infection is contracted follow- 
ing feeding of uncooked pork scraps, less often by 
eating infected rats. Rats also feed on uncooked 
pork scraps and, in addition, maintain a high inci- 
dence of infeetton by their cannibalism. 

Soon after liberation of the larvae from their 
cysts, they migrate into the mucosa, and within a 
week the viviparous female is discharging larvae 
(100 by 6 /a), which enter vascular channels and 
are distnbuted throughout the body. Larviposition 
continues for about 4 to 6 weeks. The larvae enter 
skeletal muscle and encyst (Fig. 219-1). The mus- 
cles of the diaphragm, tongue, and ey'e. the deltoid, 
pectoral, and intercostal muscles are most often af- 
fected. Larvae carried to sites other than skeletal 
musdes do not encyst but disintegrate. The life 
cycle can be carried further only if a new host in- 
gests the encysted larvae. 

Ceogrophic Distribution. Trichinosis is conimon 
In Europe and North America and uncommon in 
other parts of the world. In the United States, where 
the incidence is between 15 and 20 per cent, there 



Fig. 319-1. TrichineUa spiralis. Larva encysting Wthin 
a skeletal muscle fiber. At this Stage, myositis and 
edems have partially subsided. 
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is "more than tluee times as much trichinosis as is 
known in all of tlie rest of the world pul together.” 
Studies show that tins high incidence has contmiied. 
The r.atio of asjTnptomatic to symptomatic infection 
is high. 

Pathogenesis and Clinical Manifestations. The 
course and symptomatology vary remarkably. The 
clinical diagnosis in the sporadic ease may be dif- 
ficult. Dianhea is an early manifestation related to 
the desclopmcot of the adults in the intestinal nni- 
cosa and is obscrx'ed in about half the cases. It 
usu.illv appears «"ithin 24 hr after ingestion of tlie 
uncoolcd or undercooked meat containing llic en- 
cysted larsae. The next stage, that of muscular in- 
vasion, begins about the end of the first week ond 
may last for as long as 6 sveeks. Most of the clinical 
manifestations arc related to the invasion and en- 
cystment of the larx-ae in skeletal muscles. A myo- 
sitis is produced, witli basophilic granular degen- 
eration of the in\aded muscle fiber. Adjacent fibers 
exhibit hyaline or hydropic degeneration, and the 
focus becomes infiltrated with neutrophilic and 
eosinophilic leukocytes, some lymphocytes, ond 
mononuclear macrophages. Hyperemia, edema, and 
hemorrhages are constant features. 

Larvae do not encyst in cardiac muscle, nor can 
they bo found readily there. Despite this, an in- 
tense myocaiditis has been obsened and may be 
of significance in fatal cases. 

Larvae ha\e been observed in association xviih 
less severe focal lesions in the lungs and brain, and 
m other viscera, svith no associated infiammatory’ 
reaction. 

The significant clmic.iI manifestations ore noted 
during the period of migration and muscle invasion. 
Fever is probably the commonest m.inifcstation. 
Ocular manifestations may be among the most strik- 
ing. Tlie edema of the eyelids, often accompanied 
by conjimctivitis and chemosis, is difficult to ex- 
plain, but may be related to larval invasion of the 
eye muscles and possibly otlier retrobulbar tissues 
Also a const.mt manifestation is the muscular pain 
ond tenderness. Electromyograms have disclosed ex- 
tensive fibrillation. Manifestations in the skin and 
appendages include (1) a maculopapwlar lash, 
which usually lasts for scver.'il days, and (2) sub- 
ungual “splinter hemorrhages.” 

Laboratory Findings. The most constant finding, 
and one of significance early in the course of the 
disease, is the eosinophilic leukocytosis (over 500 
eosinophilic leukocytes per cubic millimeter). It 
appears generally before the end of the second week 
and rises. In eases of moderate sc' crity the percent- 
age of eosinophilic leukocytes ranges betwexm 15 
and 50 per cent. In severe eases, particularly ter- 
minally, the eosinophilic leukocytes may disappear 
entirely. 

The skin test becomes positive early* in the third 


week of mfection. Tlie antigen is prepared from 
larvae and used in a dilution of about 1:10,000. 
One onc-hundredth of a millimeter is injected intro* 
dennally, and immediate and delayed reactions are 
looked for. The usual positive response is immedi- 
ate, a wheal of 5 mm or more appearing within 30 
min. Nonspecific reactions may be related to the 
ingestion of meat containing nonviable trichinas. 

The precipitin reaction becomes positive after the 
third week. Its value in diagnosis is increased if 
the rcMtion is initially negative and becomes posi- 
tive, or if the titer rises during the course of the 
disease. It remains positive for about a year. 

In attempting to arrive at a definitive diagnosis, 
examination of the feces for the adult worms is of 
little help. Examination of the blood, cerebrospinal 
fluid, or muscle biopsy is more rewarding. Micro- 
scopic study of lak'cd venous, capillary, or arterial 
blood is the simplest test which may make a defini- 
tive diagnosis possible. Larvae have been found in 
the peripheral blood as early as the fifth day in 
experimental infections. Larvae may be present in 
the cerebrospinal fluid in the absence of clinical 
central nervous system involvement. Dfopsied mus* 
cle is best studied by use of a compressor which 
permits examination of the entire specimen. Maccra* 
tion and digestion methods are used in survey 
studies of diaphragms obtained at autopsy and fo< 
biopsy specimens as well. 

DlBcrcntial Diagnosis. Trichinosis must be dis' 
tinguished from acute glomerulonephritis, typhoid 
fever, meningitis, rheumatic fever, rheumatoid ar' 
thrilis, eosinophilic leukemia, dermatomyositis, and 
periarteritis nodosa. 

Treatment. There is, as yet, no specific treatment 
for trichinosis. Symptomatic treatment is directed 
toward the relief of pain, maintenance of an ade- 
quate caloric and fluid intake, and assuring the pa- 
tient of adequate sleep by use of sedatives ACTII 
is reported to have controlled the systemic reaction 
in severe infection and is recommended for such 
cases. However, in e.xperimental infections, corti- 
sone administration results in more prolonged per- 
sistence of the adult worms in the intestine, in- 
creased numbers of larvae in the musculature, and 
partial suppression of tl*e immune response. 

Piperazine citrate has been found effective in 
removing Uie adults from the intestine in experi- 
mental Infections. It would seem advisable to use 
piperazine citrate (as prescribed for enterobiasis) 
during the early phases when adult trichinas arc 
suspected of being in the intestine. This would ap- 
ply vvlwn diarrhea and otlier abdominal symptoms 
have dcvclopctl subsequent to the ingestion of 
undercooked meal and also later when fever and 
eosinophilia have appeared, since treatment m.sy 
reduce the period of kirviposition and thereby 
shorten the clinical course. 
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Prognosis. The prognosis in children is usually 
better tlian in adults. If there is no serious involve- 
ment of the myocardium or respiratory muscles, the 
prognosis is generally good. The longer the appear- 
ance of symptoms is delayed, the better the prog- 
nosis. Diarrhea early in the course is a favorable 
sign. Analysis of larger series of sporadic and epi- 
demic cases shows the mortality rate to be about 5 
per cent. 

Prevention. The responsibility for control rests 
with the consumer. Adequate cooking of pork io- 
\oIves healing all portions of the meat to 55*C. 
Fieezing procedures to kill the larvae require a tem- 
perature of — 15“C for 20 days or — 18®C for 24 
hr. Proper smoking and pickling will also destroy 
the larvae. Important in control is the cooking of 
garbage fed to hogs. There is at present no prac- 
tical method of inspection which will detect trichi- 
nous pork. 
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FILARIASIS 

Ivan L. Bennett, Jr. 

Definilion. Filariasis is a group of disord^ pro- 
duced by infection with nematodes of the super- 
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htmily Filarioidea. These Worms invade the sub- 
cutimeous tissues and lymphatics of man, producing 
reactions ranging from acute inflammation to 
chronic scarring. Tlie clinical pictures produced by 
different species in this group are more or less spe- 
cific. The term filariasis is commonly used to desig- 
nate the disease produced by Wuchererio boncrofti 
or W. malayi, the organisms responsible for ele- 
phantiasis. The disorders associate with infection 
by Loa loa or Onchocerca volvulus are usually re- 
ferred to as loiasis and onchocerciasis. 

Filariasis (Wuchereriasis) 

Etiology and Epidemiology. Adult worms live 
only in the lyTophatics of human beings, the male 
measuring 35 mm and the female, 50 to lOO mm. 
Gravid females release microfilariae in large num- 
bers into the lymph and blood. These embryos de- 
velop further only if ingested by a proper mosquito 
vector, usually Culex faligans, although many Culex, 
Aedes, and Mansonia species are good hosts. After 
further development in the vector, larvae migrate 
to the mouth parts and, if inoculated into a human 
host, reach maturity in about a year. In the absence 
of reinfection, man harbors microfilariae for 5 to 10 
years, the reproductive life of the adult wonris. The 
release of microfilariae into the blood is strikingly 
periodic in W. hancrofti infections, peak concentra- 
tions being between 9 p.m. and 2 A.^^. ’Wuchcreria 
malatji is similarly but less regularly periodic. In 
many western Pacific islands, including Samoa and 
Fiji, \V. boncrofti is nonperiodic; the reason for 
this is entirely unknown. The danger of infection In 
the periodic disease is nocturnal, but the non- 
periodic form is often transmitted by sylvan mos- 
quitoes in natural cover during the day. 

Wuchererio boncrofti infection is endemic be- 
tween latitudes 4I®N and 30®S. Distribution is 
irregular, and there are many peculiar “skip areas" 
in this geographic pattern, presumably because the 
endemic disease can be maintained only where hu- 
man infection and mosquitoes are prevalent. Wuch- 
ereria malayi infection is confined to the Far East, 
including India, Malaya, East China, and the Philip- 
pines. "ftere were approximately 15,000 W. ban- 
crofli infections among American military personnel 
in the Second World War (Wartman). 

A small endemic focus of W. boncrofti once ex- 
isted near Charleston, S.C., but no new' cases have 
been observed in several years. 

Padiogcnesis. As larvae migrate to the l)Tn- 
phadcs. they produce irritation, whether by some 
secretion or entirely by hypersensitivity responses 
of the host being unknoxvn. The larvae reach ma- 
turi^ in I^mph nodes and incite hjpertrophy, 
granulomatous inflammation, and obstruction, often 
wth retrograde lymphangitis. Repetition of this 
process for many )-cars c.an lead to permanent block- 
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age, scarring, and elephantiasis. Secondary bacterial 
infection is thought by some to be important in the 
eliolog)' of elephantiasis, but this has not been es- 
tablished. Elephantiasis is actually a relatively un- 
usual compb'eation of filarial infections. If repeated 
reinfections do not occur, the disease is self-hmited. 

Manifestations. Acute Clariasis manifests itself os 
a series of brief attacks over a period of weeks. 
Sjmptoms vary greatly in severity and include 
headache, fatigability, vertigo, photophobia, and 
muscle pain. Fever is low-grade and chills are rare 
in the early stages. Examination shows l)wphade- 
nopatliy, streaks of l^mpliadenilis and, sometimes, 
circumscribed, reddish swellings of die extremities 
Tlie male genitalia ore frequently involved with 
epididjrnitis, orchitis, hydrocele, or scrotal edema. 
Conjunctivitis is common; pleural friction rubs have 
been described. Urticaria is rare. Such an attach, 
frequently referred to by the Samoan term mumu, 
onlinarily subsides in 12 to 24 hr, but recurrences 
are common, particularly after strenuous exercise. 
Secondary bacterial infection has been found to 
play no part In these acute episodes, nor is me- 
chanical blockage of lyinphatics by the worms re- 
sponsible for the swellings. It is probable that 
hypersensitivity to the parasite or its products is 
iho underlying mechanism of mumu, but conclusive 
evidence on this point is lacking. 

With repeated exposures, infected individuals 
show palpable thickening of lymphatic channels 
(often first noted in the spermatic cords), rubbery 
adenopathy, and in a small percentage of cases ele- 
phantiasis develops; this complication is rare below 
llie age of twenty even m natives of heavily infested 
areas. The chronic stage of the disease is often 
punctuated by acute bouts of “filarial fever" with 
chills, fever, headache, tender lymphadenopalhy, 
localized areas of erytlicma and edema, and severe 
muscle pain. These are tliought to be hypersensitiv- 
ity reactions induced by release of filarial antigen 
when adults or microfilariae die or a new infection 
occurs. Tins concept is supported by the frequent 
occurrence of filari.'il fever after institution of 
clicmotlicmpy and by the fact that an attack can 
sometimes be product by intracutaneous injection 
of the specific antigen in skin testing. 

Cliyloria and hematuria may occur intermittently 
for many years in patients in endemic areas. 

Lnborntor>’ Findings. Eosinophilia accompanies 
miimu in about twO'thlrds of tlic cases and is also 
common during attacks of filarial fever in the later 
stages of the disease. Although adult wxinns are 
often demonstrable in biopslcd lymph nodes, this 
procedure is not often used, and excision of nodes 
often induces a symptomatic Oare-up of tlic disease. 
Complement fixation and skin tests ore available, 
but neither is reliable in the individual case. Diag- 
■sSiosls Is best established bv demonstration of micro- 


filariae in Giemsa or W'right stains of peripheral 
blood. Microfilariae are motile and can also be found 
in wet smears. When the periodic form of the dis- 
ease predominates, specimens should be collected 
at night. 

Treatment. Drugs effecth'e against llie micro- 
filariae may not influence the adult worms, which 
will continue to reproduce for years. Probably the 
most effective agent against the adult worms is 
thiacctarsamide (Caparsolate sodium) given intra- 
venously m a dosage of 1.0 mg per kg daily for 15 
days. Diarrhea is a frequent accompaniment of 
administration of tin’s drug. Microfilariae may be 
demonstrable in blood smears after a course of thia- 
cctarsamide; tliey soon disappear and relapse is 
rare. 

Hetrazan (dicthylcarbamazine) in an oral dosage 
of 2.0 mg per kg t.i d. for 3 or 4 weeks is an effec- 
tive microfiaricide. Indeed, a dosage of 2.5 mg per 
kg once daily for 5 days has been effective in mass 
trials in endemic areas. The initiation of treatment 
with this drug may be followed by a bout of filarial 
fever that usually subsides within 72 hr. Further 
e.xperiencc with Hetrazan Indicates that it prob- 
ably injures tlie adult worms also and impairs their 
abdity to reproduce, resulting in permanent clearing 
of microfilariae from the blood in many patients. At 
present, Hetrazan would appear to be the drug of 
choice and thincetarsamide can be used for cases 
that relapse or fail to respond. 

Antimony compounds have no place in treatment 
of filariasis. 

Reassurance of the patient Is very important in 
this disease. Vaccines and antiserums are valueless 
Pressure bandages and surgery sometimes benefit 
elephantiasis. Tlie prognosis for life is excellent, 
particularly If infected individuals leave endemic 
areas or otherwise avoid reinfections. 

Onc/ioccrciosis 

This infection is produced by Onchocerca cofoii- 
luj and is transmitted by Dies of the genus Simu- 
fitrm. The disease is widespread in southern Mexico 
and Guatemala and is common in Central Africa. 
Tlic characteristic lesions of onchocerciasis are sub- 
cutaneous nodules tliat tend to occur in the region 
of llie head, although, in Africa, they are said to be 
common on the trunk. The aspirated contents of 
the nodules contain adult worms and microfikirije. 

Treatment consists of surgical excision of the 
nodules and administration of Hetrazan. Except for 
occasional invasion of the eye, the disease has a 
favorable prognosis unless the number of nodules 
exceeds SO in the individual patient. 

Loiath 

Tlifs form of filariasis is produced by Loa ha 
and is prevalent in W'est and Central Africa. Tlie 
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infection is transmitted by flies of the genus Chry- 
sops. Localized areas of allergic inflammation in lie 
subcutaneous tissues known as Calabar swellings 
are the hallmark of the disease, although infesta* 
tion may be completely asymptomatic. The adult 
worms are sometimes visible beneath the con- 
junctiva, and Loa loa is often called the eye worm. 
Diagnosis can be made by finding the adult ^vo^n 
or demonstration of microfilariae in contents of 
Calabar swellings or in blood smears. Treatment is 
symptomatic, and the prognosis is good. 
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SCmSTOSONflASIS 
(Bilharziasis) 

Rafael Rodriguez-Molina 

Definition. Schistosomiasis (bilharziasis) is a 
general term employed to describe a group of dis- 
ease entities produced in man and animals by three 
closely related species of digenetic trematodes, or 
blood fiukes, belonging to the family Schistoso- 
matidae. These worms are Schistosoma mansoni, S. 
haematobium, and S. japonicum. They inhabit the 
circulatory system of man and animals living in 
tropical and subtropical countries. The organs and 
tissues most frequently affected are the colon, 
urinary bladder, liver, spleen, rectum, genitalia, 
lungs, mesentery, and peritoneum. 

History. Bilharz in 1851 first demonstrated the 
role of S. haematobium in the prevailing hematuria 
and dysentery among the native population trf 
Egypt. The presence of two types of spined ova and 
of two clinical forms of the disease, the vesiwl and 
the intestinal, caused confusion, until Sambon in 
1907 demonstrated the existence of t'vo species, 
S. haematobium and S. mansoni. The presence of 
schistosomiasis in Egyptian mummies indicates that 
it is an ancient disease. It was in Puerto Rico in 
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1904 that the ova of Schistosoma mansoni vere 
first discovered among the indigenous population of 
the Western Hemisphere, by Gonzalez ^^a^tinez. 
Katsurada, in Japan in 1904, found the eggs in the 
stools of patients affected with Katayaraa disease. 
Other Japanese investigators demonstrated that 
dogs, cats, horses, cattle, and wild rats were natural 
hosts or reservoirs of infection. 

Epidemiology and Control. Schistosomiasis is 
probably the most important of the parasitic dis- 
eases affecting man, not only because of the ex- 
tensii'e pathologic changes produced by the para- 
sites but also because of its world-wide distribution 
and the number of indix’iduals affected. It is be- 
lieved that about 150 million persons are affected 
by this condition. Control measures have not turned 
out to be so effective as those for malaria. It is 
practically impossible to prevent children from 
bathing in brooks and rivers, and pollution of rivers 
with human excrement is difficult to control. The 
control and eradication of schistosomiasis arc a 
challenge to the public health officer, the sanitary 
engineer, the malacologist, the zoologist, and the 
physician. 

The continuing prevalence of schistosomiasis de- 
pends upon the disposal of human excrement mto 
fresh water, the presence of suitable snail hosts, and 
the exposure of persons to water infested with 
cercarias. Promiscuous defecation, latrine drainage, 
and unsanitar)’ sewage disposal are the more im- 
portant sources of pollution of streams one! rivers 
The disease is contracted by persons washing 
clothes, bathing, wading, or working in contam- 
inated water. 

Schistosomiasis is more frequently encountered in 
rural than in urban communities and is associated 
with agricultural endeavors such as the irrigation 
of land. It is more prevalent among low-income 
groups. 

Of the three disease-producing blood flukes of 
man, S. mansoni is by far the most common in the 
Western Hemisphere. It was brought to the Carib- 
bean area and South America by Afric.nn slaves. In 
South America, Venezuela, Dutch Guiana, and 
Brazil are the areas in which it is present. In Africa 
it occurs in the Nile Delta, Sudan, Zanzibar, Mada- 
gascar, and Central Africa. 

Schistosoma faponicum affects the population en- 
gaged in agriculture. In Japan, China, and the 
Philippines, men are more frequently infected than 
women. An important source of infection in tire 
Orient is the use of human excreta as a fertilizer 
in vegetable gardens. 

Sddstosoma haematobium is distributed \Wdely 
throughout the African continent, and to a much 
less extent is found in Spain, Portugal, CjTiros, and 
Greece. In Africa, it is highly prevalent among tlic 
indigent agricultural population of the Nile Valley. 
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The best attack on schistosomiasis is preventive. 
Public health measures, including proper disposal 
of human excrement and anthelmintic therapy, 
should be carried out in endemic areas. Extermina- 
tion of the mollusk intermediate host by chemical 
agents in areas where the infestation rate is high 
is mandatory. Sodium pentachlorophenate has been 
tried against the snails Auslralorbis glabratua and 
Oncomelania nosop/iorti with promising results. 

Another efficient molluscacide is 2-cyclohej^I-4, 
G-dinitrophenol. 

SCIUSTOSOMUSIS MANSOM (Intestinal 
Bilharziasis, Schistosomal Dysentery) 

Etiolog>’ and Life Cycle. The male worm meas- 
ures about 1 cm in length and has a breadth of 
about 0.13 cm. The female is long, slender, and 
cj’lindroid, its average length being 1.4 cm and its 
breadth about 0.016 cm. The male has a central 
trough, the gynecophoral canal, that enfolds the 
female during copulation. The eggs are bluntly 
oval, have a lateral spine, and measure about 140 p. 
hy about 60 it. They are passed in the feces, rarely 
m the urine, and can infect only the proper sn.ad 
tvhlch serves as the intermediate host. The ova must 
reach fresh water if the parasite’s life cycle is to 
be completed. As stated by Bclding, the life cj'cle 
includes the passing of the ova from the definitive 
host, or man, its hatching in rvater, the liberation of 
a free-swimming miraemum, the penetration of a 
proper species of snail by the miracidium, the meta* 
morphosis of the larvae into ccrcaftas (die infec- 
tive form of the schistosome), their return to water, 
the penetration of the skin of man, and, finally, the 
migration and growth of the worms in the blood 
vessels of man and the laying of eggs by the female. 
Adult worms live in the inferior and superior mesen- 
teric veins and the hemorrhoidal plexus. 

Pathology. Schistosomiasis mansoni is divisible 
into three stages: (1) an early stage of migration 
during which the cercarias are being carried by the 
blood to the liver, maturing into adult parasites 
within uitrahepab’c portal veins; (2) an interme- 
diate stage during which ova are accumulating in 
various viscera; and (3) a late stage charactcnzcd 
by serious and permanent damage to organs, 
mainly through fibrosis. 

Tlie greatest damage to man’s tissues is caused 
by the eggs. Howex-er, the secretions, metabolic 
products, and toxins of tlie adult worms are be- 
lieved by some to play an important role. As long 
as they are living, the adult parasites apparently 
produce no reaction, but when they die, numerous 
eosinophils gallier about tlicm. 

Jlistologic.illy, the predominant lesion Is the 
pscudotubcrclc — a lesion incited by the ova re- 
tained in the tissues. 


In the colon, ulceration is rare, and the distal 
parts are more frequently and seriously iniohed. 
Congestion of the mucosa, punctate hemorrhages, 
and tliickening of the svall due to edema and 
fibrosis of the submucosa are the main findings In 
Egypt, pedunculated or sessile polyps are commonly 
found in the rectum. Changes in the liver are largely 
portal Ova transported from the colon by venous 
blood are retain^ in the portal spaces. Pseudo- 
tubercles form around tliem, accompanied by eosin- 
ophils. Grossly, the organ is enlarged during the 
intermediate stage but later contracts as scarring 
increases. On section the characteristic feature is a 
periportal fibrosis. The larger portal veins are sur- 
rounded by collars of fibrous tissue, constituting the 
characteristic pipe-stem cirrhosis of Symmers. The 
spleen frequently becomes enlarged, somehmes 
weighing more than 1,500 Gm. Ova and pseudo- 
tubercles in the spleen are more frequently en- 
countered in Egypt than in America. In the lungs, 
small grayish nodules averaging 1 mm in diameter 
arc visible or palpable throughout the pulmonary 
tissue. These are made up of pseudotubercles 
around the eggs that have been carried by the 
blood. In some cases the gross appearance of the 
lung resembles miliary tuberculosis. Microscopi- 
cally, there are pseudotubercles, patches of marked 
eosinophilic infiltration, and, occasionally, hemor- 
rhages. The eggs arriving in the lungs as emboli 
obstruct the small arteries, and the intima becomes 
thickened by fibrosis. In time, the right side of the 
heart undergoes hypertrophy, and failure ensues. 

Manifestations. ’The clinical manifestations of 
schistosomiasis may be correlated with anatomic 
changes resulting from the reaction of tissues to the 
parasites and their ova. The finding of schistosome 
ova in the stools of apparently healthy individuals 
is a relatively frequent occurrence in endemic areas 
Unlike the bacterial infections, the parasites do not 
multiply svithin the human host. Thus the symp- 
tomatic disease is dependent upon the continued 
exposure to infection. 

Itching may or may not occur shortly after ex- 
posure, and urticaria is variable. Mild pyrexia may 
accompany urticaria. Anorexia, headache, general- 
ized aches and pains, and diarrhea accompanied by 
abdominal discomfort soon follow and last 1 to 2 
weeks, 'Hiese symptoms occur after invasion of the 
parasite and during the periods of migration of the 
lar\-ae or cercarias. From 30 to 70 days following 
exposure, when the cercarias have become adult 
males and females and oviposition has occurred, 
more severe symptoms appear. In some cases there 
is high fever (temperatures of 39 to 40®C) with 
chills and abdominal discomfort. Diarrhea and 
mcletia are common. A persistent dry cough is 
resent, and scattered fine or coarse rales can lie 
card over the chest. The peripheral blood shows 
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an eosinophilic leukocytosis, and ova are usually 
found in the stools. The findings in the peripheral 
blood e.\cepted, the clinical picture resembles ty- 
phoid fever or paratyphoid fever. This acute illness 
usually lasts 1 to 3 months and subsides by lysis. 
When the initial infection is not severe oi when 
anthelmintic treatment is given, the patient may 
recover rapidly, but should the infection remain 
untreated, intennittent bloody diarrhea frequently 
lasts several months. The severity and duration of 
these s)'mptoms depend upon the extent of the ini- 
tial infection. In untreated cases, however, several 
years may pass xvithout signs of visceral disease. 
Should reinfection occur, fever and severe gastroin- 
testinal s)Tnptoms again ensue. Anemia, at times 
severe enough to cause invah’dism, may be present 
as the result of chronic blood loss. In many cases 
the liver and the spleen become enlarged. 

The late stage of the disease frequently gives rise 
to a new clinical picture. The manifestations at this 
time resemble Banh’s s>’ndrome, xvith emaciation, 
hepalosplenomcgaly, ascites, and other evidences of 
hepatic cinhosis and portal hypertension. Some 
patients develop leukopenia, thromboc>'topenia, and 
macrocjtic anemia. However, the bone marrow 
shows no megaloblastic arrest. Liver function tests 
are frequently abnormal. Massive hematemesis from 
ruptured gastroesophageal varices is a frequent 
cause of death, and hepatic insuiBciency is not un- 
common. In Egypt, rectal and colonic polyposis, 
prolapse of the rectum, and intestinal obstnicHon 
are common late manifestations of the disease. 

In some patients, particularly adolescents In 
whom ineversible vascular changes have occurred 
in the lungs, pulmonary hypertension associated 
with chronic cor pulmonale dominate the clinical 
picture, and a form of Ayerza's disease ensues. This 
may overshadow the already present hepatic cirrho- 
sis and portal hypertension. 

Diagnosis and Laboratory Findings. Diagnosis of 
the condition must be made by finding the ova in 
the stools, in the rectal mucosa, or rarely, in the 
urine. Various techniques of stool concentration are 
available, and the reader is referred to texts on 
clinical parasitology for technical details. By the 
use of such methods greater numbers of eggs are 
picked up from a given specimen, and a larger 
number of cases may be detected. The intradermal 
skin test, employing cercaria or worm extract, pos- 
sesses diagnostic v^ue in suspected cases where no 
ova can be found in the stools or in the rectal 
biopsy. Serodiagnosis, particularly the circumoval 
precipitin reaction, shows promising results. How- 
ever, the role of the precipitin and complement 
fixation reactions as indicators of improvement or 
cure of die disease is not yet known. 

By means of a Jackson’s laryngoscopic forceps 33 
cm long, a piece of mucosa 2 to 3 mtn in diameter 
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can be readily obtained through a proctoscope. 
^Vhen this unstained tissue is compressed between 
two glass slides, the ova can he recognized easily 
under the low-poiver lens of a microscope. It is 
believed by many investigators that rectal biopsy is 
the most reliable method of diagnosis; a very small 
piece of tissue may contain up to several hundred 
ova. In many cases in ivhich repeated stool e.x- 
aminations have been negative, rectal biopsy has 
shown living or dead ova. Occasionally, however, 
stools contain ova when biopsy is negative. 

Bilirubmemia and jaundice are seen rarely, even 
in the presence of adi’anced cirrhosis. 

Treatment. Certain trivalent antimony com- 
pounds have been found effective against S. man- 
soni. These are tartar emetic (antimony potassium 
tartrate), stibophen (Fuadin) and Anthiomaline. 
Tartar emetic is one of the more toxic antimony 
compounds. It is administered intravenously in a 
freshly prepared solution in initial dose of 0 06 Cm, 
increasing to a ma.ximum of 0.12 Cm by the third 
dose, and continued every other day until a total 
of 2.2 Cm has been given. A second course may 
be given after I month. Antimony sodium tartrate 
—less toxic than the potassium salt— is being em- 
ployed with great success. Fuadin is antimony pyro- 
catechin sodium sulfonate and contafijs 1.3 per 
cent trivalent antimony. It has the advantage of in- 
tramuscular administration. It is well tolerated, and 
produces a minimum of to.x]C reactions when given 
in courses of not over 50 to 60 ml each. Daily injec- 
tions of 1.5, 3.5, and 5 ml are given for the first 3 
day’s, to be continued every other day with 5 ml 
doses until a complete course has been admin- 
istered. The effectiveness of Fuadin as an anthel- 
mintic is believed to be not greater than 50 to 60 
per cent. Antimony lithium thiomalate (Anthio- 
maline) is administered intramuscularly in 2- to 3- 
ml doses every other day, until a total of 30 to 40 
ml is given, comprising one course. Lucanfhone 
hydrochloride (Miracil D) has been employed irith 
promising results. This drug has the advantage of 
being active by the oral route. 

The disappearance of eggs from the stools and 
improvement in symptomatology constitute the cri- 
teria for evaluation of anthelmintic therapy. Ex- 
perience has shown that, for a period of about 1 
month following administration of either Fuadin or 
Anthiomaline, stool examination and rectal biopsy 
may give negatix'e results Nvhkh arc misleading. It 
is preferable to ghe several Fuadin courses (50 to 
60 ml) a year, if the tolerance of the patient per- 
mits. To.xic manifestations occur in 20 to 30 per 
cent of the patients. Pain at the site of the injection 
and generalized arthralgia are common; however, 
hepatitis, acute nephritis, hemoly’tic anemia, and 
thrombocytopenic purpura have been observed. 
Trioslam (sodium antimonyl gluconate) has been 
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used with success. It is w’ell tolerated, and t<nic 
reactions are rare. One disad\’antage is tliat the 
drug must be administered intravenously. In the 
late stages of the disease, these therapeutic meas- 
ures arc palliative, since the patient is suffering from 
cirrhosis of the liver, portal hypertension, or hj-per- 
splenism. The indications for surgical proeedores 
are the same as for the other forms of portal hyper- 
tension (p. 1689). 

Prognosis. The prognosis is good in infections 
where the symptomatology is mainly secondary to 
colitis, but when the liver, spleen, and lungs are 
involved, the prognosis is poor. 

SCmSTOSOMIASIS JAPONICA (Eastern 
Schistosomiasis, Katayama Disease) 

Etiology and Life Cycle. The male worm has an 
average length of about 1.5 cm and a breadth of 
0.05 cm. The female is long and slender, averaging 
1.9 cm in length and 0.03 in breadth The eggs are 
slightly o\al and are shorter, wider, and distinctly 
smaller than those of the other two species, meas- 
uring about 90 by 70 /i. Mature eggs have a minute 
book, or spine, laterally situated and smaller than 
that of S. mansoni. The o\a are passed in tlie feces 
only The life cycle is similar to that of S. mamoni. 
but various species of Oncomchnla and Kaloijama 
snails are utilized as intermediate hosts. Schistosoma 
^apoiitcum lives in the inferior mesenteric venules 
but frequently migrates into the venules draining 
the large intestine and oviposits there. 

Pathology. Schistosoma japonicum resembles the 
mansonl type, but because of the much greater 
number of ova deposited by the female worms in 
the former disease, the manifestations are frequently 
more severe. Cinhosis of the li'er develops earlier, 
and the duration of tlie disease is shorter — death 
often ensuing in 2 to 5 years. In advanced cases the 
gross postmortem findings are emaciation and 
pallor; large or contracted hver with periportal 
fibrosis, splenomegaly, with fibrosis of pulp; asates; 
fibrolic nodules over the colonic peritoneum; fibrous 
thickening and rigidity of the colon, wiUi small 
polyps projecting from the mucosa; and thickening 
and fibrosis of Uie omentum. Microscopically, the 
tissue changes are similar to tliose of schistosomiasis 
mansoni. 

Manifestations. Following penetration of ccr- 
carias through the skin, allergic manifestations such 
as urticaria, itching, localized dermatitis, cough, 
and angioneurotic edema accompanied by fever and 
diarrhea may appear. From 4 to 6 weeks after ex- 
posure gastrointestinal symptoms are evident, a 
result of ulcerations produced in the intestinal walls 
by tlie large number of eggs. Bloody mucoid stools, 
or periods of bloody diarrhea accompanied by ab- 
dominal pain, may be present. If untreated, tyxnp- 


toms may last for several months. The liver enlarges 
and becomes tender, and splenomegaly develops. 
Dwarfism may occur; the probable cause is depres- 
sion of the activity of certain endocrine glands. 
Antimony treatment may improve the condition. 

As the disease progresses, the spleen becomes 
larger and the size of the liver decreases. Signs of 
portal obstruction such as engorgement of super- 
ficial abdominal veins, ascites, etc., appear. The 
patient may succumb from hemorrhage due to 
rupture of esophageal varices. Some individuals 
present marked splenomegaly, a small contracted 
liver, profound anemia, leukopem'a, and thrombo- 
cytopenia associated with severe malnutrition and 
hypoproteinemia. The majonly of individuals suf- 
fering from schistosomiasis j'aponica die of cirrhosis 
and cachexia, massive hemorrhage from rupture of 
esophageal varices, or intereunent infections. 

Diagnosis and Laboratory Findings. The charac- 
teristic ova must be found in the stools in order to 
establish the diagnosis. In established cases ova are 
more difficult to demonstrate in the stools or in 
rectal biopsy, and the intradermal skin test is of 
value. Aqueous extracts of cercarias or of adult 
worms are employed. The cercaria membrane reac* 
lion has been positive in 94 pet cent of serums from 
patients infected with S. faponicum and is con- 
sidered more valuable than skin tests. 

Treatment. Tartar emetic and Fuadm have been 
employed in doses somewhat higher than those used 
in schistosomiasis mansoni. Oral tartar emetic h.'is 
been used with success. In general, S. faponicum 
infections are more difficult to treat, and relapses 
are more frequent. Miracil D (Nilodin, lucanthone 
hydroeWoride), a synthetic nonmetallic compound 
containing a xonthone nucleus, has been employed 
by the oral route. It is absorbed rapidly, and 60 
mg per kg daily io divided doses, given for a period 
of 3 to 0 days, is the recommended dosage Mild 
toxic reacb'ons such as abdominal pain, weakness, 
nausea, and vomiting have occurred, and results 
have not been very successful. 

Prognosis. If the condition is not treated early, 
prognosis is poor in the majonty of cases encoun- 
tered in endemic communities. 

SCHISTOSO^^ASIS HAEMATOBIA 
( Gcniloiuinary Schistosomiasis, 

Endemic Hematuria) 

Etiology and Life Cycle. The male worm has an 
average length of 1.3 cm and a breadth of 0 09 
cm. The female is long and slender, averaging 2 0 
cm in length and 0.025 cm in breadth. The eggs 
are compact, elongated spindles, dJated in the mid- 
dle and measuring about 140 fi by about 50 /x. At 
one pole they present a short, stout terminal spine 
The ova are passed in the urine, and occasionally in 



DISEASES PRODUCED BY WORMS 

the feces. The life cycle is similar to that of S. 
mansoni. The adult worms live in the hemorrhoidal 
plexus of veins, some going to the rectum for ovi- 
position but most of them passing on to the vesical 
plexus. The intermediate hosts are snails of the 
genera Bulinus, Physopsls, and Lymnaea. 

Pathology. In the urinary bladder, large num- 
bers of ova are deposited in the submucosa and 
give rise to dense infiltration with eosinophils, 
lymphocytes, and plasma cells. These foci, or 
“pseudoabscesses,” apparently represent an allergic 
reaction to the eggs, but even though many of the 
eosinophils undergo necrosis and fragmentation, the 
lesion is not a true abscess. The mucosa becomes 
thicVened and ulcerated. The trigone is involved 
at first, but soon the entire bladder is affected. In 
chronic infections the other coats become scarred 
and the muscularis hypertrophies. Pedunculated 
papillomas often develop at the trigone and about 
the urethral orifices. The bladder capacity becomes 
greatly reduced as the organ loses its contractility. 
Lesions occur in the distal third of the ureters in 
many cases, causing obstruction and hydrone- 
phrosis. Bacterial pyelonephritis may occur. In 
about 10 per cent of cases, calculi develop in the 
bladder, renal pelvis, or ureters. Fistulas between 
the urogenital tract and intestines may develop. The 
prostate and seminal vesicles may be affected, and 
lymph blockage may produce an elephantoid con- 
dition of the genitalia. The cervix and vagina can 
be infected by extension from the bladder. Car- 
cinoma of the bladder is a frequent late complica- 
tion. 

Manifestations. Painful micturition, frequency, 
and hematuria are the leading symptoms. Second- 
ary bacterial infection of the urinary tract is Ire- 
quent, and repeated hemorrhages from the bladder 
produce seN'ere anemia. 

Diagnosis and Laboratory Findings. As in the 
other types of schistosomiasis, diagnosis is made by 
finding the characteristic ova in the urinary sedi- 
ment, in tissues obtained from vesical mucosa, or, 
less frequently, in the stools. 

Treatment. Chemotherapy is effective early in 
the disease but is contraindicated when urinary 
obstruction and infection have supervened. Lucan- 
thone hydrochloride (Miracil D) appears to be 
more efBdent (80 to 85 per cent) than Fuadm and 
neatly as effective as intensive treatment with in- 
travenous antimony sodium tartrate. Triostam (so- 
dium antimonyl gluconate) has been found to be 
effective against infection with S. haematohium. 
Antimony dimercaptosuccinate, an apparently non- 
toxic remedy, and paraaminophemaxy-l-phthali- 
mido-5-pentane have been used m'th some success. 
Surgery may be required for abscesses, fistulas, 
strictures, papillomas, and rxirious other complica- 
tions involving the bladder. Chemotherapy is indi- 
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cated for secondary bacterial infections of the 
urinary tract. The criteria of cure are the absence 
of ova in the urine and bladder wall and tlie dis- 
appearance of ulcerativ’e and granulomatous lesions, 
as revealed by cystoscopic examination. 

Prognosis. Provided treatment is given early, 
prognosis is good in recent infection, fair when 
damage to the bladder and urinary infection have 
already occurred, and very poor in chronic, late in- 
fections. After age forty-five the mortality rate in- 
creases fourfold. The frequent coexistence (?f infec- 
tion with S, mansoni aggravates prognosis and the 
clinical picture. 

SCmSTOSOxME DERMATITIS 

Definition and Geographic Distribution^* Cort 
demonstrated tliat certain nonhuman schistosome 
cercarias may penetrate the skin of man and cause 
a dermatitis. This condition is known as schistosome 
dermatitis, or “swimmer’s itch,” and is common in 
many parts of the world. The condition apparendy 
does not develop after a single contact with cer- 
carias, but it ensues following multiple exposures 
Definitive hosts of some of the schistosomes pro- 
dudng dermatitis are the muskrat and migratory 
birds. Again, snails are intermediate hosts. 

Schistosome dermatitis has been reported from 
the fresh-water areas of north central United States, 
Canada, Oregon, Central America, Western Eu- 
rope (particularly Switzerland), and the Far East 

A sea-water dermatitis believed to be produced 
by nonhuman schistosome cercarias has been re- 
ported in New York, Rhode Island, California, 
Hawaii, and Florida. 

Pathogenesis and Clinical Manifestations* Be- 
cause the dermatitis develops only after multiple 
exposures, the condition is believed to represent an 
allergic reaction, the nonhuman cercarias being the 
sensitizing agents. Exposed individuals show posi- 
tive intradermal reaction when tested with cerearial 
antigen. 

Treatment. Local application of antipruritic lo- 
tions such as calamme with menthol or phenol is 
used to allay itching and thereby reduce the like- 
lihood of secondary infection. Local treatment vvith 
antibistaminic drugs will relieve the pruritus. 

Prevention. Immediate drying of the skin after 
swimming has been recommended as a proplivlactic 
measure. This will not completely prevent lesions, 
since some penetration occurs during immersion 
Dimeth)! phthalate cream has been reported as an 
effective cerearial repellent. 

In some areas, control has been effected by de- 
struction of snails. Copper sulfate and copper car- 
bonate have been used for this purpose. Treatment 
of shallow waters where snails arc abundant has 
been moderately effective. 
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carnivores serve ns definitive hosts. The character- 
istic cysllikc pulmonary lesions measure up to about 
1 cm in diameter and, when of long standing, have 
a stout wall composed of fibrous connective tissue. 
Other smaUer lesions may be In the form of nodules 
representing reaction around deposited eggs. Eggs 
appear in the feces when sputum from pulmonary 
lesions is swallowed. In heavy infections, lesions 
may also be found in the liver, mesentery, skeletal 
muscle, and brain. According to the sites of pre- 
dominant involvement, cases may be classified as 
pulmonary, abdominal, or cerebral. In the puhno- 
naiy type, abundant brownish sputum is produced 
and bouts of hemoptysis occur. Abdominal pain 
and d)'sentery characterize the abdominal Ijpe. 
Various types of paralysis and epilepsy are ob- 
served vvith cerebral involvement. Eosinophilia is 
rather constant in all varieties of parogonimiasis. 
Eggs should be searched for in the sputum and 
feces, in attempting to establish the diagnosis. By 
using an antigen prepared from the adult trema- 
todes, complement-fixing antibodies can be demon- 
strated. This may be helpful in Identifying occult 
abdominal and cerebral infections. 

Treatment with emetine hydrochloride as pre- 
scribed for fascioliasis (see p. 1231) affords symp- 
tomatic relief. IVhcn given in early cases, Sadun 
and Buck obtained moderately good results from 
treatment with chloroquine. However, there Is no 
specific effective therapeutic agent. Prevention of 
superimposed infections is important, since the in- 
fection is, in a sense, self-limiting. 

Paragonimiasis lias probably the widest geo- 
graphic distribution of any of tlie diseases produced 
by the hermaphroditic Iremalodes. It is endemic in 
many parts of the Far East and has been reported 
from parts of Africa and northern South America 

'The most practicable control measure is the ade- 
quate cooking of all shellfish to be used as food, 
since infection is acquired by ingestion of cysts 
in the second intermed^te host, such as a crab, 
crayfish, or mollusk. 

Clonorcbiasis 


999 OTHER TRE>rATODES 
AAA OR FLUKES 

Gustave J. Dammin 

Paragontmiasis 

Paragonimiasis, also known .as endemic hemopttf' 
sis, is an infection, primarily of the lung, caused 
by the trematode, Faragonimus uesfermanf. In ad- 
dition to man, the dog, cal, pig, rat, and some wild 


Definition, Clonorcliiasis is an infection caused 
by ClonorchU sinensts and is characterized by he- 
patic lesions produced by the adult worms ui the 
biliary passages. 

Etiology. ClonoTchis sinensis, the most important 
liver fiuko in man, is a liermaphroditic worm meas- 
uring about 15 by 5 mm. Infection of man follows 
ingestion of raw fish containing the larval donor- 
cbis. Many fish-catmg mammals can serve as deGni- 
tivc hosts (dog, cat, pig, badger, guinea pig, and 
otlicis). Tlie encysted larva is released and migrates 
front the duodenum into the biliary tract, where it 
develops Into the adult form. Judging from studies 
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on individuals who have left the Far East, the ma- 
jor endemic area, the adult donorchfs is capable 
of living as long as 25 years. 

Clinical Manifestations. The percentage of 
asjTnplomalic infections is probably high. The bile 
ducts become thickened and dilated, and there is 
chronic pericholangitis and atrophy of parenchjina, 
but cirrhosis with the usual clinical manifestations 
is uncommon. 

Laboratory Diagnosis. The diagnosis usually de- 
pends on the demonstration of the eggs in the feces 
or the duodenal contents. Using a new method of 
extraction of the adult clonorchis, an antigen has 
been prepared by Wykoff, which can be used in a 
complement fixation test for the detection of the 
host's antibody response. 

Treatment. No method of treatment has been 
consistently successful, but some success h.is been 
noted with gentian violet and chloroquine diphos- 
phate. Gentian violet may be given as for strongy- 
loidiasis. Chloroquine is prescribed in a dose of 
0.25 Cm twice daily for 28 days. Most infections 
will respond to this dosage; those which do not 
should be treated for an additional 2- to d-week 
period. 

Prevention. Adequate cooking of fresh-water fish 
wjll prevent infection. 

OpisthorchiasU 

Opisthorchiasis is caused by OpisthorchU feUneus 
and is characterized by hepatic lesions occasioned 
by the presence of the adult worms in the larger 
bile ducts. The life cycle resembles that of C/onor- 
c/ils sinensis, with lesions and clinical manifesta- 
tions bVe those produced hy C. sinensis. The geo- 
graphic distribution diiTcrs in that it is endemic in 
Eastern and Central Europe and in Siberia and 
occurs in some parts of Asia. The diagnosis usually 
is based on the finding of the eggs in the feces or 
duodenal contents. Treatment as recommended for 
cblonOTchiasis may be used. Infection can be pre- 
vented by eating only wcll-cookcd fish, 

rascioUaiis 

Fascioliasis is caused by the hermaphroditic leaf- 
shaped fluke Fasciola hcpatica, which inhabits the 
bile ducts of tlie definitne host. Mlicn fuliv ma- 
tured, the adult measures about 3 by 1 cm and 
discharges large opcrculate eggs 140 by 70 mm. 

Fascioli.TSis produces so-called Tiver rot” in the 
sheep, Uie principal definitive host The disease is 
most common in sheep- and cattle-raising-countrics 
but has been reported from many parts of the 
world. In North America it occurs in the souihrni 
and western United States, Central America, and 
in the Caribbean Islands. 
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Infection is contracted by ingestion of the cn- 
c^*stcd form attached to edible aquatic plants such 
as watercress. 

Early clinical manifestations arc related to the 
migration of the larval form to and within the liver. 
Epigastric pain, fever, diarrhea, jaundice, urticaria, 
pruritis, artliraigia, and eosinophilia may be ob- 
served during this stage. Cirrhosis of the liver of 
the variety found in clonorchiasis may b<J a l.Ue 
manifestation, appearing only after prolonjScd resi- 
dence of many adult worms in the bile ducts. A 
pharyngeal form of the disease may follow the in- 
gestion of infected raw liver, the young adults at- 
taching themselves to the pharyngeal mucosa, oc- 
casionally interfering w’lth respiration. 

The diagnosis usually is based on tbe finding of 
the eggs in the feces or in the duodenal contents 
It is difficult to distinguish the eggs from (hose of 
Fasciolopsis btiski. 

The therapeutic agent by choice is emedne hy- 
drochloride given intramuscularly. 'The dosC should 
not exceed 1 mg per kg body wciglit or a total dailj' 
dose of 60 mg; in, these amounts it should not be 
given for more than 6 to 7 da)’S. As much as 30 
mg per day has been given for as long as 18 da)s 
with good results. It should be given only "hen 
there is ample opportunity for rest m bed. It should 
not be given to patients with chronic cardiac or 
renal disease or to children. 

To prevent infection in man, aquatic plants such 
as watercress should not be eaten, vegctablo.< grown 
in fields irrigated with polluted water shtfuld be 
boiled, and safe drinking water should be provided 

Fosciofopstasir 

Fasciolopsinsis is caused by Uie large intestinal 
fluke Fasciolopsis buski, which inhabits tho upper 
intestine of its definitive host. The principal defini- 
tive host is the pig. In parts of China, Indi^^. Jmd 
other parts of the Far East infection of nian is 
common. Infection is contracted following inges- 
tion, or peeling with the teeth, of water eb^tnuts 
and other edible aquatic plants. Tlie large adults 
attach themselves to the intestinal mucos^. rmd 
these sites may later ulcerate. Diarrhea and ab- 
dominal pain appear early. Later, if heavy infection 
continues, asthenia with .ascites and nnasafcn oc- 
curs. Diagnosis Is based upon the history' and the 
finding of eggs in the feces. The eggs resemble 
those of Fasciola hepalica. Tlie prognosis in un- 
treated heavy infections, especially in children, is 
poor. Hexvlrcsorcinol administered as for trichuri- 
asis is the preferred therapeutic agent and can be 
expected to cure or markedly r^ucc the worm 
bunlcn in the majority of cases. The most practi- 
cable control measure is the brief immersion of all 
edible aquatic plants in boiling vv.itcr. 
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OqQ CESTODES OR 

aaO tapeworms 

Cuslave J. Dammin 

Diphyllobothriasa Latum 

Dclinition. DiphtjUohoihmim latum, the Rsh tape- 
worm or broad tapeworm, produces in man and its 
other definitive hosts infection characterized by the 
presence of the hermaphroditic adult worm in tire 
intestinal lumen. 

Etiology. The adult worm may me.isurc 5 to 10 
m and possess between 3,000 and -4,000 proglottids 
(Fig. 223-1). The mature proglottfds measure 
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Fic. 223-1, Gravid proglottids of DIphyllohoIhrium 
latum (xi). 


about 3 to 5 mm by 10 to 15 nun. The stage in the 
tissues of infected fresh-water fish, the host from 
which man acquires infection, is knowm os the 
pleroccrcoid larva, or Sparganum. 

Pathogenesis. Ingestion of infected fish in the 
uncooked state by man, the dog, the cat, or the 
bear results in infection. The larva develops into 
the adult form in the intestine in about 3 weeks 
and is tlien capable of discharging eggs. The adults 
of D. laium have been known to survive for periods 
of 5 to 10 years. 

Distribution. Fish tapeworm infection is common 
in the Baltic and Scandinavian countries, Switzer- 
land, Italy, Russia, Japan, Cliile, and Central Africa 
It also occurs in the north central United Slates, 
south central Canada, and Florida. 

Clinical Manifestations. Most infections are 
asymptomatic or produce slight transient abdominal 
discomfort. Infrequently, severe cramping abdomi- 
nal pain, vomiting, weakness, and loss of weight 
are noted. 

Pemidoos tapeworm anemia, with erythrocyte 
counts ranging from half a million to two rodlion, 
has many fe.itures in common with Addisonian per- 
nicious anemia, including central nervous system 
involvement. It dilTers from the latter in that pa- 
tients produce intrinsic factor but do not respond 
when given beef extract (extrinsic factor) and nor- 
mal gastric juice (intrinsic factor) while the tape- 
worm is still present. Removal of tlie tapeworm and 
the administration of e)ctTinsic factor lead to clinical 
and hematologic Improvement. The position of the 
tapeworm m the intestine is important, anemia oc- 
curring only when the tapeworm is in the proximal 
small intestine. Large amounts of vitamin Bis have 
been demonstrated in the tapeworm, presumably 
absorbed from the host’s intestine. Taenia saglnata, 
which does not produce pernicious tapeworm ane- 
mia, contains about 2 per cent as much vitamin Bjn 
as D. latum. The appearance of pernicious tape- 
worm anemia is related to vitamin Bio absorption 
and possibly abo to a decreased production of in- 
trinsic factor and decreased supply of extrinsic fac- 
tor. It is apparent, however, that the tapeworm 
and the host compete for vitamin Bj 2 . Tliere may 
be clluiic and geographic factors involved, since 
most cases are reported from the Baltic countries; 
none to dale has been reported in this couotrj'. 

Treatment. Atabrine has supplanted olcoresin of 
aspidium and carbon tetrachloride. If prescribed as 
for tacniasis saginata, Atabrine can be e.xpected to 
cure most infections. In the presence of severe mac- 
KK^tic anemia, an adequate response to parenteral 
vitamin Bia should be obtained before an anthel- 
mintic is used. 

Prevention. TJie most practical control measure 
b the thorough cooking of all frcsh-vvaler fish 
Childmn should not be permitted access to fish 
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maikets or to kitchens when fresh-water fish is be- 
ing prepared, because of the possibility that some 
larvae may be ingested. To reduce contamination 
of waterways, dogs and cats should not be fed raw 
fresh-water fish. 

Sparganosis 

The Spargamim, or plerocercoid larva, of Diphyh 
labothrium tnansoni will develop in man following 
ingestion (usually in drinking water) of a Cyclops 
bearing the procercoid larva. Sparganosis also fol- 
lows application of infected fresh frog flesh used 
as a poultice. The frog tissues contain the Sparga- 
num, which is capable of invading human tissues. 
The dog and cat are definitive hosts for D. mansoni. 
The location of the larvae determines the prognosis 
of the infection in man. Surgery and local alcohol 
injection are the only methods of treatment. 

Sparganum proliferum, the adult stage of which 
is unknQ%vn, produces a more severe infection be- 
cause of its unusual multiplication in the human 
host. Nodules containing the larvae form in the 
skin, lungs, intestine, brain, and other sites. The 
prognosis is poor in severe infections. 

Sparganum mansonoidcs probably accounts for 
most of the cases of sparganosis observed in the 
United States. 

Taenlasis Saginata 

Definition. Taenia saginata, the beef tapeworm, 
is a hermaphroditic cestode which inhabits the in- 
testinal tract of man, its only definitive host. 

Etiology and Pathogenesis. In its adult stage, the 
T, saginata measures 5 to 10 m in length and pos- 
sesses about a thousand proglottids. The gravid 
proglottid (Fig. 223-2) measures about 5 by 20 
mm. It possesses 15 to 30 lateral uterine branches, 
thus distinguishing it from T. solium, which has 
8 to 12. The proglottids may show independent 
motion for long periods after discharge with the 
feces. The head, or scolex, measures 1 to 2 rom in 
diameter and possesses prominent suckers but no 
hooks. The eggs are ovoid, 30 by 40 p., and are 
indistinguishable from those of T. solium. When 
the eggs are ingested by cattle, the embryo is re- 
leased in the intestine, invades the intestinal waD, 
and is carried by vascular channels to striated mus- 
cle in the hind limbs, diaphragm, and tongue, the 
common sites for formation of the cysticercus stage 
(Cysticercus bovis). Cysticercus boots measures 
about 5 by 10 mm, and consists of a scolex held 
in a cystlike structure. When C. bovis is ingested 
in raw or undercooked beef by man, the adult tape- 
worm develops in the intestine in about 2 months. 

Distribution. Taeniasis saginata occurs in coun- 
tries in Nvhich it is the custom to eat raw or under- 
cooked beef. It has been estimated that in the USSR 
alone there are about 18 million infections, and in 
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Fic. 223-2. Gravid proglottids of Taenia saginata ( x2) 

the world's population almost 40 million Although 
not common in the United States, beef tapeworm 
infection is the most prevalent tapeworm infection 
observed in the northern half of this country. 

Clinical Manifestations. Symptoms usually con- 
sist of mild epigastric pain, diarrhea, hunger sensa- 
tions, weight loss, irritability, nausea, and, rarely, 
an increase in appetite. Movements of the worm 
may be apparent to the host. Rarely, segments may 
become impacted in the vermiform appendix with 
almost simultaneous development of appendicitis. 
Approximately one-fourth of the infections are 
asymptomatic. 

Laboratory Findings. The diagnosis is usually 
made by the finding of proglottids in the feces. 
Wlien the history suggests that proglottids may 
have been passed, but none are immediately avail- 
able for examination, the perianal region should be 
examined as for pinwonn infection, using the Scotch 
tape swab. By this method 85 to 95 per cent of 
infections may be detected, whereas by stool ex- 
amination only 50 to 75 per cent can be recognized. 
When the scolex is obtained, it may be examined 
for suckers and the absence of rosfellum and hooks, 
to identify it as T. saginata. The above study is 
necessary, since the ova observed in the feces can- 
not be distinguished from those of T. solium. A 
slight eosinophilia may accompany this infection. 

Treatment. Experience ivith Atabrine has shown 
it to be a highly efficacious agent which has the 
advantage of ease of administration. The evening 
before the Atabrine is to he administered the patient 



DISEASES DUE TO BIOLOGIC AGENTS 


1234 SEC, 22 
lakes 30 Cm of sodium sulfate in a glass of ss’ater. 
The following morning while still fasting, he takes 
0 9 Gm of Atabrine. This is taken as three tablets 
of 0 1 Gm each at intervals of 30 min. Then 2 hr 
later a second dose of sodium sulfate similar to the 
first is taken. When successful, such tieatment will 
remove the entire worm, w hich will be found to be 
stained yellow. If the scolex has not been removed, 
regeneration of the tapeworm will Occur and re- 
treatment may be necessary after 2 or 3 months. 

Incomplete removal by Atabrlne has been fob 
lowed by complete removal of the tapeworm sub- 
sequent to the administration of Benadryl in Em- 
plet form. 

Prevention. The only practical means of prevent- 
ing infection is the thorough cooking of beef. Tem- 
peratures as low as 7l*C for as little as 5 min will 
destioy C. bouts. Refrigeration and salting for pro- 
longed periods also destroy the cy'stieercus. Ade- 
quate meat inspection and disposal of human ex- 
creta will also aid in control but are costly and 
seldom practical. 

Tacniasis Solium 

Definition. Taenia solium, the pork tapeworm, 
usually manifests itself as a parasite of man by 
inhabiting the intestinal lumen Man is the only 
definitive host but under some circumstances may 
act also ns the intermediate host harboring the 
larv’a! stage, Cystlcereus celluhsac. Tlie usual inter- 
mediate host is tlie bog. 

Distribution. Tacniasis solium has a world-wide 
distribution, but is commonest in the USSR. Asia, 
and Africa. 

Etiology and Palhoscntsis. The hermapbiodrtic 
adult tapeworm measures about 3 m in length and 
possesses a globular scolex contnimng a rostcllum 
with about twx) dozen booklets. There are seldom 
more than a thousand proglottids. The gravid pro- 
glottid measures about G by 12 mm and contains a 
uteais with 8 to 12 lateral branchings. The eggs 
icscmblc those of T. saginntn When ingested by 
the hog, the embrjo Is released from the egg, pene- 
trates tlie intestinal w.al!, and is tvimed by vascular 
channels to all parts of the body Localization with 
development to the encysted larval stage, C. ceWii- 
htac ("bladder worm”), occurs predominantly in 
striated muscle, particularly th.it of the tongue, 
neck, and girdle muscles. TTie cystiterci arc ovoid, 
gray-white, opalescent structures about 1 on in 
diameter. An opaque white spot denotes the site of 
the scolex. Man becomes infected following inges- 
tion of undercooked pork containing cysticcra. The 
scolex is freed and attaches itself to the intestinal 
mucosa, and development to tlio adult st.nge begins 
at this time. 

Clinical Manifestations. Clinical manifestatioiis 
resemble those associated with T. sagimta. The 


manifesbitions differ when man serves as the inter- 
mediate host. This may occur following ingestion 
of the eggs or the return of gravid segments to the 
stomach by reverse peristalsis. The rclc.iscd embryo 
bores into tlie intestinal wall and is distributed by 
vascular channels to various parts of the body- 
Cysticerci develop in the subcutaneous tissues, in 
muscles, in viscera, and — of most significance — in 
the eye and brain. Only moderate tissue reaction 
occurs while the scolex is viable. The dead larva, 
Iiowcvcr, behaves like a foreign body and provx)lPS 
a marked tissue response. Symptoms are related to 
active larval cncystmcnt only in heavy infections 
Muscular pains, weakness, and slight fever may bo 
observed. The involvement in the brain may be In 
the form of a meningoencephalitis when the cysti' 
cercl arc widely distributed. However, epilepsy', 
brain tumor, encephalitis, and other types of neuro- 
logic disorder may be simulated. Eosinophilic leu- 
kocytosis of the blood and spinal fluid accompany- 
ing such clinical manifestations suggests cerebral 
cysticcrcosis. Degenerate cysticerci ultimately cal- 
cify. 

As in other tapeworm infections, a slight to mod- 
erate eosinophllia is a fairly constant finding. The 
finding of eggs In perianal scrapings or in the fcees 
Will identify the infection as taeniasis. For a spe- 
cific diagnosis, proglottids or the scolex must he 
examined. As in beef tapeworm Infection, the di- 
agnosis is usually made by finding proglottids In 
tlic feces Roentgenographic demonstration of cal- 
cified foci may oid in diagnosis of cysticcrcosis Tlie 
prognosis is in large part determined by the stage 
and location of tlie parasite. Surgery may be indi- 
cated in cerebral and ocular cysUcercosis. 

Treatment. For removal of the vvorm in the adult 
stage, sec Taeniasis Saginata. It is well to admin- 
ister an antiemetic before giving the Atabrine to 
prevent reverse peristalsis, with return ol the eggs 
t« the stomach and release of the embryos. 

Prevention. Tlie simplest and most effective pre- 
ventive measure is the thorough cooking of pork 
Treatment of recegnized c.ases will reduce the haz- 
ard of larval stage development as well as the 
spread of the infection. 

Echinococctasis 

Definition. Echinococciasis may be caused by the 
larval stage of Echmococciis granulosus or E. muf- 
titocularis. These species of echinococcus are dis- 
tinct morphologically and biologically. In man, E. 
granulosus produces cystic, expanding lesions, in- 
volvnng the liver and lungs primarily, whereas the 
lesions of E. multihcularis are destructive because 
of their invasive character. 

Etiology. Echinococcus granulosus infection in 
man, cattle, .sheep, horses, and hogs, the principal 
intermediate hosts, is contracted by ingestion of 
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the eggs present in the feces of tl<e clog, the princi- 
pal clefinithe host. Following ingestion, the em- 
brjos escape from the eggs, penetrate the intestinal 
rnneosa, and enter venous and l)'mphalic channels. 
Some soon arrive in Uie liver and may form liydatid 
cjsts there, and those entering the l)Tnphat»cs arc 
carried ultimately to the lungs. There is no exoge- 
nous budding from the wall of the cyst, only en- 
dogenous. Transmission to the definitive host occurs 
following ingestion of the hjd.atid cysts which con- 
tain scoliccs. An adult worm may develop from each 
scolcx in the intestine of the dog, wolf, co)'ole, and 
other of the Canidae. The adult is small, measuring 
about 5 mm in length, and consists of no more than 
5 or 6 segments. Echinococais tmiUlIocuIaris infec- 
tion is miinifestcd by the s.'ime t>pe of invasive 
lars'al-produced lesion as is observed in the natural 
intermediate host for this stage, the mierrofine ro- 
dents. The adult, or tapeworm, stage is found in 
the dog and fox. 


Distribution. Echinococciasis caused by E. granu- 
lotus has its highest incidence in sheep- and cattle- 
raising countries, particularly in Noith and South 
Africa, Australia, Central Europe, and South Amer- 
ica. In Iceland, a high incidence of infection in man 
and the dog has been markedly reduced by control 
measures. In the southern, western, and southwest- 
ern areas of the United States, the infection is es- 
tablished, and a small number of cases reported 
each year. Echinococcus muUilocularis has been 
identified in Eurasia, Alaska, and the Kuriles and 
adfacent islands. 

Pathogenesis and Clinical Manifestations, Two 
principal types of lesions develop in the intermedi- 
ate host: the unilocular type of E. granulosus and 
the alveolar type of E. multilocularis. The former 
is more common, grows slowly, and consists of an 
external laminated cuticiila and an inner germinal 
Kayer. Fluid fills and distends the cyst. Daughter 
cysts (Fig. 223-3) and brood capsules (Fig. 223-4) 





1230 


SKr. 22 


DiSCASnS DUE TO HIOLOGIC AGENTS 



Fic:. 223-4. Brood capsules are vesicles of single-ccH Uyer (A) which arise from the gcrmiml membrane (B). 
Invaginated scolices (C) arise os buds from the inner surface of liie briniJ capsule. (AsJt ami S/uiz; “Paiholagt/ 
of Tropical Diseaw," Philadelphia, H. Saundert Com/Mittf, 1945.) 


develop from the genninal layer, representing en- 
dogenous development. "Hydatid sand" found in 
the cyst consists of sconces liberated from ruptured 
brood capsules. Exogenous development results 
from evagmatJon of the cyst wall and ultimately 
produces the miiltilocolar or alveolar type of lesion. 
Met.nstatlc lesions occur when grou'tlt extends into 
vessels. 

Sjmptoms produced depend upon the size at- 
tained by the c)stle lesion and the amount of tis- 
sue destroyed. Unilocular lesions may become bar- 
ren following resolution of secondary bacterial it>- 
fection. Rupture into the peritoneal or pleural cavi- 
ties may produce an anaphylactoid reaction, which 
occasionally is fatal Tlie unilocular type of hqratic 
lesion progresses slowly and is most amenable to 
surgical treatment. The alveolar type progresses 
more r.ipidly, with metastatic lesions developing in 
the bones, brain, and other sites. Patlwlogic frac- 
tures occur, and cerebral involvement may be mani- 
fested by epilepsy. 

Diagnosis and Treatment. Clinical manifestations 
seldom are characteristic enough to suggest the 
diagnosis, but roentgenographic appearance of the 
lesion, especially when calcification is present, is 
often helpful (Sclilanger and Schlanger). Eosino- 
pliilia is suggestive, although seldom present. In- 
quiry should be made concerning residence in an 
endemic area, .and skin {C.isoni or substitute anti- 
gen) .'incl/or serologic tests performed, before ex- 
ploration IS considered Exploration may be required 
as both a diagnostic and a therapeutic measure. 
Because of serious reactions to the leaLnge of c^st 
, fluid mto the tissues and body cavities, aspiration 


should be attempted only during exploration. As- 
pirated cyst fluid shonid oe examined carefully for 
scoIiccs, booklets, and laminated cyst wall. The size 
of the lesion will determine whether excision or 
marsupialization is the procedure of choice, Surgi- 
cal treatment offers the only hope of cure. 

Prevention. In prevention, (1) contact with in- 
fected dogs should be avoided, particularly fecal 
contamination of the hands and food; (2) infected 
carcasses and offal should be burned or buried, in 
order to prevent access of dogs to material con- 
lainmg scolices; and (3) dogs should be treated if 
found to be infected. Tlie reduction of the incidence 
of echinococciasis in Iceland is an example of the 
efficacy of control measures. 

Ilffmenoleplasis Nana 

Definition. Hymenolcpiasis nana is an intestinal 
infection of man caused by fl^menolcpls nana, the 
dwarf tapeworm. 

Etiology. The life cycle is unique in that both 
the larval and adult phases of development occur 
in the same host. Man, mice, and rats readily con- 
tract infection upon ingestion of the eggs The 
adult measures about 2 cm in length and may pos- 
sess over a hundred proglottids. 

Distribution. The presence of dwarf tapeworm 
infection has been reported in temperate and tropi- 
cal regions around the globe. It is the commonest 
tapeworm found in the United States, most of the 
infections occurring in the Southern st.rtes. 

Clinical Manifestations. This tapeworm infection 
is characterized by the presence of many adult 



DISEASES PRODUCED BY WORMS 
W'orms in tiie host’s intestine. When infection is 
massive, diarrhea and abdominal pain occur. 

Treatment. Atabrine, as prescribed for taeniasis 
saginata, is moderately effective. Because \'arious 
stages of the helminth are present simultaneously, 
it is necessary to repeat the course of Atabrine at 
least once, after an interval of 2 weeks. 

Prevention. This is a difficult problem, similar 
to that encountered in enterobiasis. Only a single 
host is involved, and the eggs are immediately in- 
fective. Personal hygiene should he stressed. The 
contamination of food by rats and mice should be 
prevented. 
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HIRUDINUSIS 

Juan L. Bcnnrtf, Jr. 

Definiilon and Etiology. Human hirudinlasts re- 
sults from the attachment of Hirudinea or leeches 
to the sUn or, rarely, to Internal mucosal surfaces 
Leeches are found in lakes, ponds, and tropical for- 
ests and vary in size from a few millimeters to sev- 
eral centimeters in length. They attach themselves 
firmly to a host and suck blood. Because their sali- 
vary secretion contains an anticoagulant, tlie punc- 
ture wounds at the attachment site may continue 
to bleed freely after the dislodgmcnt of the parasite. 

Land leeches are found on bushes in tropical 
areas of Asia and South America, and man is in- 
fected by contact with the foliage. Attachment of 
aquatic species occurs during swimming or wading 
in infest^ waters. Rarely, young leeches may be 
ingested in drinking water, an event that can lead 
to serious illness. 

hfanifestalions. External hirudiniasis is painless 
and is called to the victim s attention by finding the 
parasites or the bleeding puncture wounds left 
when the engorged leeches detach. With heavy 
infestations, si^ificant amounts of blood can be 
lost. 

Internal hirudiniasis results from the attachment 
of small leeches to the mucosa of the upper respira- 
tory tract, larynx, trachea, or esophagus. Infesta- 
tion of the vagina, bladder, or urethra has occurred 
in swimmers. As the leeches engorge and grow, they 
produce symptoms of obstruction, often with bleed- 
ing. Hoarseness, cough, nasal obstruction, dys- 
phagia, nausea, and dysuria are frequent, as arc 
hemoptysis, hematemesis, melena, and hematuria. 
Anemia may be severe, and death has occurred 
from obstruction of the epiglottis. 
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Treatment. Leeclies must be removed with care 
to .as’oid leaving mouth parts in the wwintJ. Appli- 
cation of a lighted cigarette or vinegar wdl help 
with complete removal. Shin wounds should 
cleaned and covered; secondary infection is the 
only complication. 

Removal of leeches from the genitourinary tract 
is facilitated by irrigation. In the respiratory tract, 
endoscopy and removal arc necessary, using topical 
anesthesia. 


Prevention. Use of chemical repellents on skin 
and clothing and boiling of water are the only meas- 
ures needed to avoid hirudiniasis. 
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Section 23: Disorders Caused by Venoms, Bites, 
and Stings 


SNAKES AND 
LIZARDS 
Ivan L. Bennctl, Jr. 

Fewer than one*tenth of the nearly 2.500 known 
species of snakes are venomous. These poisonous 
varieties belong to five families or subfamilies: 
Elapidae (cobras, kraits, coml snakes), found in 
nil parts of the world but Europe; Vipcrid-ne (true 
vipers), found in all parts of the world but the 
Americas, Hydrophidae (sea snakes); Crotalidao 
(pit vnpers), found in Asia and the Americas; and 
Colubndae, rquesented by a few Te.vr*fangcd spe- 
cies of Afnc-a. The poisonous varieties of the United 
States, With the single exception of the coral snake 
of the Elapidae, are pit vipers and include the rat- 
tlesnakes, the water moccasin, and the copperhead 
This discussion 'mII center around these species, 
but the therapeutic measures outlined are apphea- 
ble to snake bites in all parts of the world. 

The number of individuals bitten by poisonous 
snakes in the United States is estimated at 2,000 
to 3,000 per year; deaths arc not reported sepa- 
rately but are undoubtedly rare, numbering fewer 
than 20 per jear. In many European countries, 
deaths from snake bite have averaged only one 
every 3 to 5 v ears for the last half-century In con- 
trast, the estimate of annual deaths from snake 
bite in Brazil is 2,000 (4 per 100,000 populatiotn), 
and 2,000 in Buma (15 4 per 100,000). 

Etiology. The coral snake is found in the South- 
ern states from Florida to Arizona. It is marked by 
alternating red and black bands separated by yel- 
low rings. Coral snakes are nocturnal and placid 
and rarely bite man Tlie fangs are short and per- 
...ncnlly erect; the higlily tovic venom is injerted 
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into multiple puncture wounds produced by a scries 
of chewing movements. 

The pit vipers are so n.imed because of a small 
pit behveen the eye and the nostni. Large venom 
glands in the temporal region give the head a tri- 
angular appearance. They arc generally aggressive 
and likely to strike if disturbed. The fangs ore long 
and hinged, folding posteriorly when the mouth 
IS closed. Pit vipers strike suddenly with a forward 
thrust of the head, and the instant that the erect 
fangs make cont.vct, venom is eicpressed by sudden 
muscular contraction. 

The rattlesnakes, recognized by the homy rattle 
on the tail which buzzes when the snake is dis- 
turbed, are m’dely distributed. The diamondbacks 
(Crolalus adamanleiis m the SouUieast and C. atrox 
in the Southwest) are the largest and most dan- 
gerous snakes in this country. Others include the 
praine rattler (C. confluentus), the timber rattler 
(C. horridus), and tlie pigmy rattlers. 

The water moccasin, or cottonmouth (Ag^istro- 
don piscivoriis), is found in swampy areas or along 
tlie banks of streams. It is a strong swimmer and 
can bite under water. This snake is notorious for 
infiicting severe facial bites when disturbed in. the 
branches of small trees. Tlie copperhead, or high- 
land moccasin (A. moAosen), is a closely related 
species. Its bite is painful but rarely fatal. 

Pathogenesis. Snake Venoms- Tlie venoms of 
many species have been analyzed; invariably each 
proves to be a mLxture of several tovic proteins and 
eraymes. As an example, tbe venom of the Indian 
cobra (Na/a nafa) contains these distinct and sepa- 
rate substances- a neurotoxin, a hemolysin, a car- 
diotoxin, a cholinesterase, at least three pliosph.-!- 
tases, a nucleotidase, anti a potent inhibitor of cy- 
tochrome oxidase. Several venoms, including those 
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of the pit vipers, contain hyaluronidase and numer- 
ous proteolytic enzymes. Although opinions differ 
about the exact role of these components in tox- 
ici^’, tlie action of the venom of a given species 
is usually predominantly neuroloxic or necrotizing; 
frequently associated changes are hemolysis and 
changes in blood coagulation. The venom of elap- 
ids, including the coral snake, is neurotoxic, and 
deatlx results from respiratorj’ paraljsis, probably 
caused by damage to brain centers, and a curari- 
form interference with transmission at the neuro- 
muscular junction. The venom of crotalld snakes 
produces local tissue injury, hemorrhage, and he- 
molysis; death is preceded by circulatory collapse, 
the mechanism of which is poorly understood. Sys- 
temic absorption of venom occurs through lymphat- 
ics, and therapeutic measures designed to reduce 
IjTOphalic function are helpful in controlling symp- 
toms. On rare occasions, vvljcn venom Is discliarged 
directly into a blood vessel, death occurs in less 
than 10 min. 

roclofs Affccling Sceen’ty. Several factors affect 
the outcome of snake bite: 

1. Tlie age, size, and health of the patient. En- 
venomation in children is usually serious and a fatal 
outcome more likely. 

2. Bites on c.xtrcmitics or into adipose tissues are 
less dangerous tlian those on tlie trunk or face or 
penetrating a vessel. A direct stroke of the fangs 
IS more dangerous than a scratch, a glancing blow, 
or one hitting a bone. The discharge orifice of the 
fang is vvcll above its tip, and the point of the fang 
can penetrate the skin witlvout envenomation. Even 
a thin layer of clothing may afford groat protection. 

3. The size of the snake, the extent of its anger 
or fear (if hurt it may inject a large dose of venom), 
the condib’on of the venom glands (recently dis- 
charged or full), and the condition of the fangs 
(broken, recently renewed) are all important. 

4. The presence of various bacteria in the mouth 
of the snake or on the skin of the victim (especially 
Clostridia) may lead to serious infection in the 
necrotic tissues at the local site. 

5. Exercise or exertion, such as running, imme- 
diately after the bite speeds systemic absorption of 
toxin. 

Manifestations. The bite of a pit viper produces 
severe pain at the local site within a few minutes. 
There is rapid sw'elling; ecchymoses and bullae ap- 
pear over the involved areas, and as the edema 
spreads, serosanguincous fluid oozes from the punc- 
ture wounds. Systemic effects include circulaloiy 
collapse with hypotension, clammy skin, taidiycar- 
dia, intense thirst, nausea, hematemesis, bloody di- 
arrhea, icterus (rarely intense), hemorrhage from 
the nose and into the skin, and convulsions. Death 
may occur after 6 to 48 hr. Survival may be at- 
tended by massiv’e local tissue loss from gangrene 


and secondary infection; amputation of an e.xlremity 
is sometimes necessary. Fever with a temperature 
of 101 to lOl'K, polymorphonuclear leukocytosis of 
20,000 to 30,000, and albuminuria appear within 
a few hours in severe cases. 

The bite of arx elapine snake causes little pain, 
and local swelling is slight. There are usually multi- 
ple fang marks. Numbness and weakness begin in 
the region of the bite within 10 to 15 min and are 
follovv'ed by ataxia, ptosis, pupillary dilatation and 
loss of reaction to light and accommodation, palatal 
and pharyngeal palsies, slurring of speech, saliva- 
tion, and occasionally, nausea and vomiting. Tlie 
patient becomes comatose, respiralions falter, there 
are comxilsions, and death occurs wltliin 8 to 72 hr. 

Treatment. An attempt should be made to de- 
termine with certainty that the patient has been 
bitten by a poisonous snake. Absence of distinct 
fang punctures and failure of local pain, edema, 
numbness, or weakness to appear within 20 min 
are strong evidence against a bite’s having been 
indicted by a venomous species. 

Treatment consists of immobibzation, application 
of a tourniquet, incision and suction, antivenin, re- 
frigeration, measures to combat infection, and gen- 
eral support. /Vll patients should be transported to 
a hospital as quickly as possible. 

Local Measures. A tourniquet should be placed 
a few centimeters above the bite (if anatomically 
feasible) and made tight enough to allow one finger 
to pass beneath it with difficulty. The purpose is 
to impede lymph flow, and it is not necessary to 
obstruct venous return; the tourniquet should be 
loosened and moved proximally when local swelling 
causes it to tighten. Using whatever antisepsis is 
avrailablc, 1 cm cruciate incisions about 0 5 cm deep 
should be made through each fang mark and suc- 
tion applied for at least 30 min. A rubber bulb for 
tills purpose is contained in first-aid kits, but a 
breast pump, funnel attached to a vacuum line, or 
heated jar can be used. Mouth suction is permissi- 
ble if no oral lesions are present. Suction should 
be carried out for 15 min every hr, then every 2 
hr, as long as fluid is obtainable. As the swelling 
progresses, successive rings of radiating, linear, shal- 
low incisions at the advancing edge of the edema 
are useful; such cuts will be expanded by' the pro- 
gressive swelling. Once a patient has been hospi- 
talized, a pavex boot is a convenient means of ap- 
plying such'on to an extremity. Extensive or deep 
slashes over the area are unnecessary. Incision and 
suction are extremely important and should be car- 
ried out diligently in every poisonous snake bite. 
Antivenin is not a substitute for them and should 
not be relied on alone. 

Immobilization of the affected part during trans- 
portation is important in controlling lymph flow; 
splinting is useful in achieving this. The anolication 
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of ice packs to tlie affected area reduces inflamma- 
tion and s%velling, slows drainage by l}-mpbatics, re- 
lieves pain, and curtails local necrosis. Care should 
be taken to avoid freezing the tissues. 

Anlicenin. Many of the components of venom 
are antigenic, and effective antiserum can be pre- 
pared by inoculation of horses vvilh graded doses. 
In this countrj", the only commercially available 
antivenin is Antivenin Crotalidae Polyvalent (North 
and South American Antisnakebite Serum) pre- 
pared by Wjelli Laboratories; it is effective against 
all pit vipers. Kits containing lyophJized antivenin 
(rec-onslituted with distilled water to 10 ml per 
ampul) , syringe, normal horse scrum for prior sensi- 
tivity testing of the patient, and detailed instruc- 
tions are available. The initial dose for a serious bite 
should be 5 ampuls intramuscularly and, if anti- 
venin IS given within 2 hr after the bite, 10 ml of 
this can be infiltrated locally. Further antivenin can 
be given as indicated by progression of swelling or 
systemic symptoms. 

No antivenin for coral snakes is manufactured In 
the United States, although antiserum is sometimes 
kept on hand in large zoos. Soro-Anti-Clapidico is 
the commercial name of an effective serum against 
coral snake venom that is available from the Insti- 
tute Butantan, Cabca Postal 65, S3o Paulo, Brazil. 

Tlie American Association for the Advancement 
of Science, Symposium on Venoms, listed among 
the references at the end of this chapter, contains 
a complete listing of antivenin preparations and 
their sources throughout tlie world 

Other Measures. The maintenance of respiration 
by manual or mechanical aids is important m pa- 
tients bitten by the elapine snakes. It has been sug- 
gested that the cholinesterase of cobra and coral 
venom is responsible for much of the neuiotovicity 
and that neostigmine and atropine given as for 
myasthenia gravis might help. This has not been 
tested clinically. 

Tetanus toxoid or antiserum should be given If 
pyogenic uifcction develops, antibiotics should be 
used. 

Alcohol has no place in tlie treatment of snake 
bite. Opiates are contraindicated. Hehef of pain 
with salicylates or Demerol, sedation, maintenance 
of fluid intake, measures to combat shock, and ap- 
propriate management of coma or convulsions are 
all important. 

Limited trials of ACTII and adrenal steroids 
have not shown any great usefulness of these hor- 
mones in lessening local necrosis or systemic intoxi- 
cation. 

Prevention. In snake-infested regions, long trou- 
sers, high sliocs, boots or leggings, and gloves 
sliould be worn. Most important of all is to look 
where one steps or readies. A shaqi knife or lancet 
liquet, suction bulb, and antiseptic suffice for 


an emergency kit, and in inaccessible areas, anti- 
venin also should be carried. 

Gila Monster Bite 

Tlie Gila monsters include the large orange and 
black lizard (Heloderma suspectum) of the arid 
Southwest and H. horridum, a closely related Mexi- 
can species These reptiles are not aggressive, and 
virtually every instance of their attacking man has 
involved teasing or handling the animals in cap- 
tivity, The venom is elaborated in eight glands m 
the floor of the mouth and secreted directly into 
the oral cavity, where it batlies the teeth which are 
grooved posteriorly. The lizard clings tenadously 
and is often dislodged only after considerable ef- 
fort, envenomation occurs by contamination of the 
wound. The venom contains a potent neurotoxio 
which is undoubtedly responsible for its lethal ef- 
fect in experimental animals. Death in man ha* 
been reported as occurring within a few hours (iO 
one case, 30 min) after a bite. The venom also 
produces local tissue Injury, excruciating pain, mas- 
sive edema, and patchy erythema. In recovered 
cases, acute symptoms have lasted for 3 to 4 days 
and include nausea, vomiting, hematemesis, blurred 
vision, dyspnea, dysphonia, and profound weakness- 
intense hyperesthesia of the bitten extremity caO 
persist for several weeks There is no antivenin 
available. Treatment should consist of tourniquet, 
incision, suction, measures to prevent or combat 
infection, includmg tetanus, and supportive meas- 
ures. Because Demerol has been shown to potenti- 
ate the venom’s action in animals, some other anal- 
gesic should be used to relieve pain. 
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99^ SPIDERS, SCORPIONS, 

44 U INSECTS, AND OTHER 
ARTHROPODS 
lucn h. Bennett, Jr. 

The bite of many spiders is locally irritating, and 
several species can cause severe, even fatal sj'stemic 
poisoning in man. The most numerous and impor- 
tant of the venomous spiders are the members of 
the genus LatrodecUis, widely distributed through- 
out the world. In the United States and Canada, 
L. mactans, the black widow or “shoe-button" 
spider, causes nearly all clinically significant araeh- 
nidism. In Florida, L. bishopl, the red-legged widow 
spider, has been reported to produce human poi- 
soning resembling mild black widow bite. 

The symptomatology and mortality from bites of 
large, hairy spiders, die tarantulas, such as Lycosa 
raptoria and Phonetitria fera in BrazJ, Ghjptocra- 
nium gastereanthoides in Peru, and ’Loxosccles \ae1a 
in Chile, differ in no important respects from those 
produced by Latrodectus except that there are ako 
likely to be severe necrosis and ulceration locally 
and hemolysis sometimes occurs. 

It is the female Latrodectus mactans, the black 
widow, that bites man. She is glossy black with a 
body 1 cm in diameter and a leg span of 5 cm. 
There is a characteristic red “hourglass" mark on 
the ventral abdomen. She spins her web In wood- 
piles, sheds, basements, or outdoor privies, is very 
aggressive, and will bite on slight provocation. The 
venom is said to be about fifteen times as potent 
os that of the rattlesnake on a weight-for-weighl 
basis. It produces diffuse central and peripheral 
nervous excitement, autonomic activity, muscle 
spasm, h^’perlension, and vasoconstriction. 

In the United States, most spider bites occur be- 
tween April and October, and many patients are 
males bitten on the genitalia or buttocks while 
using a privy. After a momentary sharp pain at the 
site, there is cramping pain that begins locaUy 
within 15 to 60 min and gradually spreads. It can 
in\'o!\-e all extremities and the trunk. The abdomen 
is boardlike, and the waves of pain become excru- 
ciating, causing the patient to turn, toss, and cry 
out. Respirations are often labored and grunting. 
There arc also nausea, vomiting, headache, sweat- 
ing, salivation, hyperactive reflexes, twitching, 
tremor, paresthesias of hands and feet, and occa- 
sionally, systolic hypertension. A mild polj^morpho- 
nuclear leukccj-tosis is usual, and many patients 
have a temperature up to 100®F. After several 
hours, the pains subside, although mild recurrences 
for 2 or 3 dajs are common. It may be a week be- 
fore well-being is restored. Deaths have occurred, 
mostly in children and the aged. In an anahsis of 
nearly 1,300 cases from the United States and Can- 
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ada, the mortality varied from 2.4 to 6.0 per cent. 
This is higher than is usually stated. 

Because the bite itself is not prominent, patients 
are often thought to hav’e some abdominal catastro- 
phe such as perforated ulcer, pancreatitis, or volvu- 
lus. Renal colic, coronary occlusion, tetanus, str) ch- 
mne poisoning, tabetic crisis, lead colic, and por- 
phyria are other conditions to be ruled out. The 
abdomen is not tender to palpation in arachnidism, 
and pains in the extremities are not typical of most 
of these other disorders. 

Treatment. This consists of antiserum and meas- 
ures to reheve pain. The antiserum is produced in 
horses by Merck Sharp and Dohme, and a single 
intramuscular injection of one ampul (2.5 ml) of 
reconstituted material is all that is needed in most 
cases; relief is gradual. Hot baths alleviate pain 
temporarily, and intravenous calcium gluconate or 
magnesium sulfate will produce dramatic, but usu- 
ally transient, cessation of cramps. Opiates are 
sometimes effective. Neostigmine, epinephrine, 
ACTH, and adrenal steroids hav'e all been reported 
to give relief in isolated cases and are wortli tty^ng 

Scorpion Sting 

Scorpions are eight-legged arthropods. Adults arc 
2 to 20 cm in length. Glands in the terminal seg- 
ment produce venom, which Is injected Into tho 
victim by a stinger located on the t/p of the tail 
Scorpions often enter dwellings. During the day 
they retreat into crevices; emerging at night, they 
often get into shoes and clothing and even into 
bedding. They do not deliberately attack man, but 
accidental contact results in a sting. 

Of about 630 species, roughly 40 occur in the 
United Slates, distributed over three-fourths of the 
nation. They are most numerous in the SouUv from 
Florida to California, but the only two lethal spe- 
des, Centruroides sculpturatus and C. gcrtschi, arc 
limited to Arizona and portions of neighboring 
states. In general, scorpions are not encountered in 
New England and the Great Lakes area. 

The venom is neurotoxic. It acts locally upon 
sensory nerves and centrally upon the medulla and 
involuntary nervous sj'slem Ciausing circulatory, re- 
spiratory, and widespread autonomic disturbances 

Dangerous species found in the United St.itcs, 
C. scuiptwrotus and C. gcrtschi, reach a maximal 
length of about 7 cm. Their sb'ng may be fatal to 
young children or old people, but seldom to a 
healthy adult. In the years 1929 to 194S, there 
were 68 deatlis from scorpion sting reported from 
the state of /\rizona. 

Most of the nonlethal species of scorpions in the 
United States cause only minor reactions, like a bee 
stuig. Some in die Southwest, however, produce 
local €?dema and rcchymosis, witli hiiming pain. In 
contrast, many species whose venom has potenthliy 
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d.'ingcrous systemic effects, including the Arizona 
Centruroldes, evoke little or no visible reartion at 
the site of the sting. There is an Iminediate burning 
sensation followed by local paresthesia (“pins and 
needles”), hj'pereslhesia, or numbness. These 
spread to invoh’e the whole e.xtremity, and within 
an hour or t%vo, malaise, restlessness, lacrimariori, 
rhinorrhea, salivation, perspiration, nausea, and 
vomiting appear. Tlie emeses may contain blood. 
Transient hypertension, glucosuria, and premature 
ventricular contractions have been recorded. In 
fatal cases, dyspnea may occur without cyanosis. 
Tach)cardia with muffled heart sounds and feeble 
pulse may be noted, or there may be bradycardia 
and respiratory depression, with inegular or 
Clievne-Stokes breathing. Pulmonary edema devel- 
ops terminally. The patient passes from an agitated 
state witfi hyperactive reffexes into coma; convail- 
sions follow. Death usually occurs within 12 hr, but 
sometimes as late as 2 d.ays after the sting. 

Treatment. This consists of immediately placing 
a tight ligature on the extremity just proximal to 
the sting, followed by application of ice and, a$ 
soon as possible, immersion of the involved member 
above the ligature in ice water. The ligature must 
be removed in 5 to 10 min, but the limb is kept 
refrigerated for at least 2 hr. After this lime, if 
treatment has been applied promptly, it is said that 
no serious effects arc experienced following the 
sting of C. sculpiuratus or C. g<?rtschf. If the sling 
IS on the head, trunk, or genitalia, of course, the 
ligature cannot be used, but the area may be chilled 
with an ice pack. 

Other authors recommend tourniquet, incision, 
and suction as in the treatment of snake bite. How- 
ever, the amount of venom is minute; it produces 
no local nec'iotizing effect and is absorbed so rap- 
idly that unless these procedures are carried out 
very promptly they are of doubtful value. 

Supportive therapy is directed at combating 
shock and dehydration. Barbiturates In large doses 
arc useful in reducing restlessness. 

Prevention. This depends upon alertness in 
avoiding contact vv’ith scorpions in infested area*. 
Clothing and shoes should be well shaken before 
being put on in the morning. Towels and bedclothes 
should be inspected A house infested with scor- 
pions can in lime be rid of them by closing alj 
obvnous ways of ingress, picking up debris In the 
envuonment, such as piles of brush, logs, sloneS; 
introducing a mixture of fuel oil or kerosene, con- 
taining a small amount of creosote, between the 
earth and tlie house foundation; and spraying with 
.a mixture of 2 per cent chlordane, 10 per cent 
DDT, and 0.2 per cent pjTcthrins in an oil spray 
base. The spray is applied in a band 3 ft wide to 
the outer walls, to the undersurface of the bouse, 
.also to screens and crcviccs .around windows and 
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plumbing, and under the eaves. Inside Uie house, 
the attic, woodwxirk, plumbing, cupboard, and 
closet interiors are similarly coated with the resid- 
ual spray, wliicli under protected conditions has 
prov^ effective for as long as 6 months. 

Bees, Wasps, and Ants 

Bee or wasp venom is liemolytic and iieurotovic 
and has a histaminc-like action. Multiple stings in 
man cause pain and discomfort, but only in enor- 
mous numbers (500 to 1,000) can they cause 
death. Apiarists become immune to the venom and 
can sustain many stings without effect. 

The usual reaction to a single bee or wasp sting 
is sharp pain, local wheal and erythema, intense 
ilcliing, and, in loose tissues such as the eyelid or 
ger>}fa)ia, considerabie }oca} edema. This subsides 
in a few hours. Only in the rare case when a bee 
is tnlialed or swallowed and edema of the laryngo- 
pharynx or glottis develops is there danger. A sling 
directly into a peripheral nerve may destroy its 
function for a time, mucli as does an injection of 
alcohol. There have, for example, been cases of 
Bell's palsy following sting into the trunk of the 
facial nerve. 

In hypersensitive individuals, a single sting may 
produce serious anaphylaxis with urticaria, nausea, 
abdominal cramps, asthma, massive edema of the 
face and glottis, dyspnea, cyanosis, hypotension, 
coma, and deatli. Sensitization is usually a result 
of previous stings; beekeepers sometimes develop 
allergic rhinitis followed by asthma when near bees 
or objects that have been in contact with bees. 
These individuals are likely to have serious reac- 
tions to a sling. 

Many ants can produce stinging bites with local 
redness and swelling, including the notorious “ffre 
ant" whose bite can result in vesiculation. 

The usual sting is treated by local cool applica- 
tions and antipruritic lotions or oral antihistaminics 
Epinephrine, 0.3 to 0 5 ml of 1:1,000 aqueous solu- 
tion subcutaneously, repeated every 20 to 30 min, 
may be lifesaving in patients allergic to bees and/or 
wasps. This drug can be given .ns 1:100 solution in 
oil intramuscularly. Oxygen, antihistammic drugs, 
and other supportive measures should be used. Dc- 
scnsitization by injections of extracts of whole bees 
and w-asps has been reported but if this is not prac- 
tical, contact with these insects should be avoided 
and, if exposure seems likely, epinephrine or sub- 
lingual Isuprel tablets should be kept on hand. 

Ticft Bite and Tick Paralysis 

The local reaction to the bite of a tick may be 
notliing more than an itdiing p.ipule which sul> 
sides within a few days unless there is second.nry 
bacterial infection. However, incomplete rcmov.al 
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of a tick, with retention of the mouth parts can 
result in the local formation of a nodule which 
continues to grow and is sometimes annoyingly 
pruritic. The definitive treatment is surgical exci- 
sion of the nodule. Histologically, the nodule is a 
granuloma, but the inflammatory response is some- 
times so bizarre and changes in the overlying epi- 
thelium so striking that, in the absence of a history 
of tick bite, a mistaken diagnosis of malignant tu- 
mor has been made. 

Removal of a tick by steady pulling is preferable 
to crushing. Touching with a glowing cigarette, 
freezing, or application of a drop of oil facilitates 
lemcival without leaving embedded remnants. 

Tick Paralysis. Tjck paralysis is a reversible dis- 
order of the nervous system which sometimes de- 
velops in the host while a tick is engorging. It may 
occur in man or animals. The disease has been re- 
ported from many countries. It has long been rec- 
ognized in the northwestern United States and 
western Canada, where the wood tick, Dermacentor 
andersoni Stiles, is responsible. More recently the 
dog tick, D. variabilis Say, has been identified in 
a number of cases occurring in the Eastern states. 
Amhlijomma amcricanum, the lone star tick, and 
A. maculatum, the Gulf Coast tick, have also been 
incriminated. 

While engorging, the tick apparently injeefs o 
neurotoxln ’Ahich acts upon the spinal cord and 
bulbar nuclei, causing incoordination, weakness, 
and paralysis. It has been shown in animals that 
there is failure of neuromuscular transmission and 
striking impairment of stretch reflexes, The toxin 
is rapidly destroyed or excreted, for when die tick 
is removed the nerve cells soon regain normal func- 
tion. 

Tick paralysis has been produced in experimental 
animals only with gravid female ticks, suggesting 
that the toxin might be elaborated by the ova. How- 
ever, injection of extracts prepared from tick eggs 
has failed to reproduce the clinical picture in con- 
vincing fashion. 

The lick must feed for several days before symp- 
toms develop. Female ticks commonly remain at- 
tached for 7 to 9 days or longer. Paralysis is seen 
in experimental animals after 5 to 7 days of en- 
gorgement. Male ticks feed for a shorter period, a 
fact which may explain xvhy they are less likely to 
cause paral)'sis. 

Experimental confirmation of the theory that the 
toxin is produced in tick salivary glands is also 
lacking. It has been found that not all gravid fe- 
male ticks of incriminated species cause paralysis. 
Tlie nature, site of production, and mode of action 
of Uie toxin have not been established. 

Most human cases occur in children, generally in 
)'oung girls. The tick is usually attached to the 
scalp and hidden by the hair, but may be found on 
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any part of the body, especially the ear, axilla, 
groin, vulva, or popliteal region. Both white and 
Negro races are susceptible. 

The patient may be irritable for 24 hr before mo- 
tor involvement appears. Mild diarrhea mav occur 
There is weakness and poor control of the legs. Tlie 
tendon reflexes in the legs are diminished or absent, 
and the Romberg sign is positive. Temporary im- 
provement may occur, and if the tick is removed at 
this stage, true paralysis may never develop. Other- 
svise the symptoms recur within 24 hr, uith flaccid 
paralysis which extends in one or more dajs to in- 
volve the trunk, arms, neck, tongue, and pharynx 
Sensory changes are usually absent, but there may 
be paresthesia and hyperesthesia in the affected ex- 
tremities. Nystagmus, strabismus, and facial paraly- 
sis are sometimes noted. The respirations become 
shallow, rapid, and finally irregular. The patient 
sinks into stupor, cy'anosis appears, and death re- 
sults from respiratory paralysis or from obstruction 
of the airway by aspirated material. 

There is little or no fever unless a secondary In- 
fection is present. The leukocjde count is usually 
not elex'at^, but moderate leukocytosis may occur. 
The spina! fluid is almost always normal. 

Tick paralysis is apt to be confused polio- 
myelitis, the more so because ticks ore actii'e in 
warm weather when poliomjeh'tis is most prevalent 
In tick paralysis, however, there is usually no fever 
and the spinal fluid is normal. Muscle spasm and 
stiffness o! the neck and back are minimal or ab- 
sent. Ataxia, sometimes with paresthesia, often pre- 
cedes paralysis by hours or da)-s, first m the legs, 
then in the arms. Ascending involvement is char- 
acteristic, whereas progression of paralysis without 
fever is exceptional in poliomyelitis. 

Among other diseases which might be considered 
in differential diagnosis are polyneuritis, transverse 
myelitis, infectious neuronitis (Guillain-Barr^ syn- 
drome), syringomyelia, and spimil cord tumor. 

Definitive treatment is removal of the tick. Mouth 
parts retained in the skin should be promptly ex- 
cised. Tlie patient's body should be searched for 
other ticks. There is striking improvement ivithin 
a few hours after removal. 

If the tick is removed before bulbar involvement 
develops, the paralysis subsides, and recovery is 
complete in a few days, sometimes within 24 hr. 
The patient should be obserx'ed until the recovery 
trend is established, because if otlier ticks or re- 
tained mouth parts ha\c been overlooked, the pa- 
ral)’sis may progress. U’hen bulbar or respirator}’ 
paral)'sis is present, death may occur if the tick is 
not removed in time. Other treatment is supportiv c. 

Olher Arlhropoda 

Flea Bite. Tlicre arc many fleas that attack man, 
including Pulex irnVans, and chicken fleas. In sen- 
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sitive individuals, the salivary secretion of these 
bloodsuckers produces large, itching papules. 
Treatment is symptomatic only. Elimination of fleas 
in an environment may be very dilEcult, but per- 
sistent treatment of animals and of premises with 
appropriate insecticides is usually successful. 

Centipede Bile. Local irritation is the usual re- 
action to centipede venom, although extensive ne- 
crosis and systemic illness have followed severe 
poisoning by tropical species. Treatment is purely 
symptomatic. 

Caterpillar Urticaria, Contact with hairy cater- 
pillars of many species produces irritation of skin 
or mucous membranes. The type of venom in\*olved 
is not known but severe pain, erj’thema, urticaria, 
and even blister formation can come on rapidly 
after direct contact with caterpillars, after handling 
cocoons, or on being exposed to windblown fuzz. 
There is often a regional lymphangitis and transient 
eosinophilic leukocj’tosis. The discomfort subsides 
within 24 hr, but local soaks, oral antihistaminics, 
and where pain is severe, oral codeine ate often 
indicated. 

Bedbug Bite. Members of the genus Ctmex in- 
flict bites tliat leave reactions varying from a simple 
puncture to large urticarial lesions, apparently de- 
pending upon die sensitivity of the bitten in^vid- 
iinl. Tliere is no speciSc treatment. 

Cliiggers or Bedbugs. Tliese are tiny mites which 
are commonly found in foliage, grass, etc., m many 
parts of the world. In the United States, the larval 
form of Eutroblctih alfrcddugesi attacks the skin 
by secreting a substance which digests tissue, ere- 
.iting a red papule that itches intensely. The tiny 
reddish larva can be seen in the center of the le- 
sion Treatment Is palliative with antipruritic ap- 
plications There is no better example of the virtues 
of prevention than this annoying afHiction. The use 
of insect repeMents, appropriate proteettve clothing, 
and prompt bathing after exposure reduce the nsk 
of infestation considerably. 

Myiasis. There are, generally speaking, three 
ways in which human tissues may beeome infested 
by maggots. Species of flies which usually deposit 
eggs in carrion, feces, or garbage may lay eggs in 
an open wound or ulcer, usually a lesion that is 
necrotic and suppurating. When the larv'ae hatch, 
they feed upon the dead tissue, and despite the 
uncsthetic aspects, the deliberate introduction of 
maggoU has been used to supplement surgical de- 
bridement. 

Occasionally, food containing fly eggs will bo in- 
geslctl, and when the larv'ae hatch, iiifcjtinol my{a~ 
SIS can result in nausea, cramps, and dianhca. The 
hirvae are passed m the feces. 

Finally the larvae of many flies, including the 
sheep fly and horse fly, will attack living, viable 
tissue. If eggs are laid in the eyw, nose, ears, 
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mouth, or vagina, an event that usually occurs m 
sleeping infants, the larvae hatch out and can pro- 
duce extensive destructive lesions; indeed fatalities 
have been reported. 

The treatment for maggot infestation is surgical 
removal by irrigation and mechanical extraction- 
Obviously, control of fly populations by appropri- 
ate sanitary precautions is the important step in 
prevention. Protection of infants by screening and 
of wounds by bandaging is indicated in infested 
areas. 
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MARINE ANIMALS 

Jean h. Bennett, Jr. 

The elahoration of substances that are poisonous 
for man is by no means an exclusive property of 
rcpbles and arthropods. Several plant and animal 
products that are toxic when ingested are described 
in Chap. 103 (p. 815). In this chapter, discussion 
will center around venoms of marine animals known 
definitely to cause illness in man after injection or 
inoculation under naturally occurring conditions. 
Information about these toxins is limited, a few 
isolated clinical observations being the only data 
available about some of them. An excellent com- 
pilation and bibliography will be found in the re- 
view by Halstead listed at the end of the chapter. 

Sea Anemone Sling (Sponge Diver's Disease). 
Contact with certain sea anemones (especially 
Sflrgafio clegans) In Mediterranean and African 
waters produces extensive dermatitis xvilh chronic 
ulceration. Occasionally, especially during August 
and September, systemic symptoms of headache, 
sneezing, nausea, chills, fever, and collapse are 
noted. Rare fatalities have occurred. No specific 
therapy is known, the skin lesions have been 
thought to benefit from local x-ray irradiation. The 
disease confers no immunity. 

Sponge Poisoning. Direct contact with several 
species of sponge results in a painful dermatitis. It 
IS known that extracts of the sponges are lethal for 
mice. Dilute acedc acid ameliorates local pain 
strikingly and alkali xvill intensify it. The lesions are 
self-limited. 

Portuguese Man-o-War and Jellyfish Stings. The 
burning discomfort induced by contact widi “sea 
nettles” or jellyfish is familiar to most surf bathers. 
Contact with the tentacles of the colorful Portu- 
guese man-o-war {Physatia species) or more toxic 
jellyfish (Chiropsalmus of the Indian Ocean and 
Rhizosioma of the Atlantic) is followed by severe 
pain, swelling, and erythema. Muscle pain, weak- 
ness, abdominal cramps, nausea, dyspnea, cyanosis, 
and collapse may persist for several days, and 
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fatalities have occuned, sometimes within hours 
after contact. 

Treatment consists of local application of am- 
monia, alcohol, or calamine, oral or parenteral anti- 
histaminics, and systemic support. Cortisone has 
been thought to help in a few cases. 

Cone Shell Poisoning. The colorful cone shells 
are highly prized by collectors. Many species in tlie 
Pacific are venomous, a great danger to unwary 
hobbyists w'ho pick them up. The poison is de- 
livered into a wound inflicted by pointed hollow 
teeth resembling darts in the long proboscis of the 
animal. Local manifestations include sudden in- 
tense pain, swelling, and cyanosis followed b)’ 
numbness. The venom is apparently a neurotoxin 
and produces muscular incoordination, weakness, 
confusion, tachycardia, and dyspnea. Death can 
occur xvithfn 3 to 5 hr, but recovery within 24 hr is 
the rule. Recommended treatment is the use of tour- 
niquet, incision, and suction (as for snake bite) and 
supportive measures which may include artificial 
respiration and oxygen 

Sea Urchin Sling. Contact with the spines of 
some species of sea urchin results in painful ery- 
thema and ulceration with or without neurotoxic 
symptoms of weakness and frank paralysis of lips, 
tongue, and face lasting for several hours. Treat- 
ment is purely symptomatic and supportive The 
to.xins isolated from sea urchins have produced 
paralysis in animals and are notably resistant to 
heal. Deaths from paralysis and drowning have 
been reported. 

Fish Stings. The dorsal fins or spines of bullhead 
sharks, dogfish (the familiar Srjuahts (iccntliios of 
biology classes), and ratfish and the dorsal and 
other fins of the scorpion fish, weeverfish, toadfish, 
and catfish are grooved and at their bases are found 
venom glands. Injury by these spines results in 
severe pain and swelling and, in some instances, 
neurotoxic manifestations. Local gangrene with 
extensive tissue loss is a complication of catfish 
stings that may prolong convalescence. Little or 
nothing is known of the venoms involved. Suction 
and hot applications are advocated immcdi.xtely 
after injury. Tetanus toxoid or antitoxin should be 
given also. Narcotics are often required to control 
the pain. Secondary pyogenic infection is a fre- 
quent complication to be watched for and managed 
appropriately. 

Probably tlie most frequent type of venomous 
fish injury in this country is that produced b)' the 
lashing tad of the stingray of the California coast 
{Urohatis halleri). The bony spine is encased in a 
sheath of epithelial cells containing venom which 
is expressed into the puncture wound. The wound 
may be several centimeters deep, portions of the 
bony spine may break off in it or, more often, 
the integumentary sheath remains in the wound. 
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The \cnom is a circulatorj- depressant in animals, 
b»it loctil injur)’ predominates in man. There is 
immediately severe pain and c)-anosis followed by 
crjthema and edema. Weakness, rarely, convul- 
sions, and death can ensue. Treatment consists of 
application of a tourniquet (the vast majority of 
these injuries occur on the legs) and copious syr- 
inging of the wound with salt water to remove 
fragments of sheath followed by immersion in 
water as hot as the patient can sl.and for 1 hr. The 
venom is heat-labile, and extensive trials have in- 
dicated the usefulness of this last procedure. 
Tetanus toxoid or antisemm is indicated and, as 
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SARCOIDOSIS 

/wn L. Dennett, Jr. 

Definition. Sarcoidosis (Desnier-Beck-Schauroann 
disease) is a granulomatous infl.immatory disease 
of uncertain etiology The typical lesions, so-called 
hard tubercles, are distributed s)$tcmica1ly, in- 
volving particularly lymph nodes, lungs, skin, liver, 
spleen, bones, eyes, heart, and skeletal muscle. 
Other manifestations include hyperglobulincmia. 
cutaneous anerg)', and hypcrcalcuria, the last as- 
sociated m many eases with renal insufficiency. The 
course may be clironic with intermittent disability 
<lcpending upon the organs involved, there may be 
eventual complete clearing, or the disease may 
progress steadily to a fatal outcome. 

Etiology. TTie etiolog)- of sarcoidosis is a com- 
plete mystery. Suggestions have included atypical 
tuberculosis, infection by various vinises and fungi, 
exposure to bcr)Ilium, silica, etc., and sensitization 
to pine pollen. None of these is supported by firm 
evidence. The histologic simiharity of s.)rcoi<l and 
several other specific or nonspecific granulomatous 
{hsc.ascs has given rise to the suggestion that sarcoid- 
osis is a tissue reaction that can be evoked bj* 
noxious stimuli of several t)pes. This is nothing 
more than spccukition. 

Epidemiology. Sarcoidosis occurs oil over the 
world, but the vast majority of eases liave been 
observed in Great Britain, Scandinavia, Germany, 
Switzerland, France, and the United States, o situa- 
tion that may change as the disease is recognized 
elsewhere. Tlie peak incidence comes between 
twenty and forty )cars of age, and there is no sex 
prrdomin.incc. C.ircful epidemiologic studies have 
.shown n clear predilection for rural dwellers, anil 
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willi other fish stings, py'ogenic infection is a fre- 
quent complication. 
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most striking of all, the disease is at least fifteen 
times as common in Negroes as it is in whites in 
the United States. Although sarcoidosis has been 
observed occasionally in identical twins and in 
siblings, there is little to indicate that it is trans- 
mitted from patient to patient by contact. 

Pathology, The characteristic lesion is the hanl 
tubercle consisting of compact dusters of epithelioid 
cells. Tlicse hc.il by fibrosis, leaving hyaline scars 
Tubercles often coalesce, and giant c ell* are usu- 
ally evident. These cells are freijuently seen to con- 
tain laminated "Schaumann" bodies or stellate 
“asteroid” bodies, inclusions th.it are by no means 
pathognomonic of sarcoidosis although they are far 
more frequent in the lesions of this disease than 
any other. It is most unusual to see lymphocytes in 
appreciable numbers associated w ilh hard tubercles, 
and caseation is not a feature of sarcoidosis 
Fibrinoid necrosis of the centers of hard tubercles 
Is sometimes observed, but this is never extensive 
and it incites little or no secondary inflammatory 
response 

It must be emphasized tliat these histologic 
changes are not patliognomonic of saicxiidosis al- 
though they are characteristic enough that biopsy 
examination will confirm the diagnosis in the pres- 
ence of appropriate clinical findings. Exposure to 
beryllium and silica and the presence in the lesion 
of tubercle bacilli or fungi must always be excluded 

Active lesions produce symptoms by displacement 
of or encroachment upon nonnal structures, and 
with licaling there may be permanent distortion by 
scars 

Manifestations. Because sarcoidosis can involve 
almost any tissue, tlie symptoms and signs are ex- 
tremely variable. Constitutional symptoms of mihl 
fever, vsciglit loss, etc., arc present in many eases 
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and progress insidiously without localizing com- 
pbints or signs. 

The lungs are very frequently invoKed. Often, the 
first indication of the disease is the detection of 
pulmonary lesions by routine chest x-ray. The 
changes are extremely variable, including diffuse 
reticular or mihary infiltrates, large nodules, or 
multiple “soft” lesions; bilateral symmetry is the 
rule. Mediastinal Ijinphadenopathy is frequent and 
sometimes massive, so-called "potato n^es” are 
seen. Enlargement of the right paratracheal nodes 
is very common, but this finding is by no means so 
characteristic of sarcoidosis as has been slated in 
the past 

Dyspnea with progressive disability is sometimes 
a presenting complaint, but generally, symptoms arc 
milder than would be expected from the extent of 
x-ray changes. The functional alterations produced 
by pulmonary sarcoidosis are discussed in detail on 
p. 1527. 

In a few patients, sarcoidosis begins abruptly 
with the onset of uveoparotid fever (Heerfordt's 
5)’ndrome), There are high fever, sw'elling of the 
parotid and lacrimal glands (usually painless), 
granulomatous uveitis (see p. 423), and cranial 
nerve palsies, the facial nerve being by far the most 
frequently involved. This illness subsides spon- 
taneously after a few weeVs; the only residual is 
occasional incomplete clearing of the ocular lesion. 

Generalized lijmphadenopathij is common. How- 
ever, tubercles are found with great frequency in 
nodes that are only slightly enlarged, and in seeking 
to confirm the diagnosis, ^»iopsy examination of any 
palpable lymph node is well worthwhile. 

From 20 to 40 per cent of patients develop 
cutaneous nodules, papules, or plaques containing 
hard tubercles. Because the sldn lesions are so 
variable in their gross appearance, biopsy of any 
dermatologic abnormality should be carried out 
when sarcoidosis is suspected. Erythema nodosum 
with arthralgia, fever, and hilar adenopathy is 
particularly common in females at the onset of 
sarcoidosis Usually, these patients do not go on to 
chronic disability and become free of the disease 
within 2 years. Interestingly enough, patients who 
show hilar adenopathy without erythema nodosum 
are far more likely to develop chronic, progressive 
sarcoidosis. 

Granulomatous uveitis, usually bilateral, occurs 
in many patients with sarcoidosis and may leave 
residual visual impairment because of comeal or 
lenticular opaaties or glaucoma. Chronic enlarge- 
ment of the lacrimal glands is seen with <xm- 
siderable frequency. 

The heart is sometimes involved by sarcoid 
tubercles, leading to arrhythmias, conduebon de- 
fects, or very rarely, myocardial jnsulBciency with 
congestive heart failure. 
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The heer contains hard tubercles in about three- 
fourths of all cases, although it is unusual for this to 
result in any symptoms. Hepatomegaly is detectable 
in 25 per cent of patients, but jaundice or significant 
alterations of liv’er function are excepHonal. 

Splenomegaly is frequent at autopsy, and the 
spleen can be palpated in about 25 per cent of 
cases. Occasionally, sarcoidosis is accompanied by 
thrombocytopenic purpura or hemolytic anemia, 
disorders that are usually alleviated by splenectomy. 

Bone involvement occurs most fiequently in pa- 
tients with cutaneous s.ircoidosis. Racliologicaily, 
pimehed-out lesions of the terminal phalanges or 
more diffuse resorption of medullary bone with 
trabecular reticuLition are the two most typical 
patterns observ ed. 

It is often stated that sarcoidosis does not involve 
the joints. However, several instances of acute 
poUjarihritis as a presenting manifestation of the 
disease are on record, and tlie presence of hard 
tubercles in the sjmovial tissues has been con- 
firmed by biopsy. Some of these patients vvere 
thought initially to have rheumatoid arthritis. 

The ncruotts system is affected in occasional pa- 
tients. The cranial palsies associated with uveo- 
parotid fever have been mentioned. Encephalitis, 
mcningism, convulsions, diabetes insipidus, and 
e-xpanding lesions of the spinal cord are rare, but 
all have been observed and confirmed as resulting 
from sarcoidosis. 

Renal failure is rarely a result of direct involve- 
ment of the kidneys by hard tubercles. However, 
many patients with sarcoidosis have hypercalciiria 
with or without hypercalcemia, and this results m 
impairment of kidney function, nephrocalcinosis, or 
the formation of renal calculi. There is incre.ised 
absorption of calcium from the intestine in these 
cases, resembling increased sensitivity to vitamin D 
or the actmty of some endogenous substance with 
activity similar to that of vitamin D. 

Laboratory Findings. Mild anemia is frequent, 
and the sedimentation rate is usually elevated 
Hemolytic anemia and thrombocytopenia have been 
mentioned elsewhere. A few patients show mild 
eosinophilia, but this is not helpful in diagnosis. 
Hypercalcemia and hypercalcuria have already been 
discussed. Serum phosphorus is usually normal. 
Hyperglobulinemia is present in a majority of 
patients, usually a result of increase in y and 
fractions. Occasionally, the serum alkaline phosplia- 
tase will be strikingly elevated in the absence of 
demonstrable bony involvement. 

X-ray changes in the lungs and phalanges have 
been described already, and the electrocardiogram 
will sometimes show arrhy'thmias, conduction de- 
fects, or the ch.anges of cor pulmonale. 

About S3 per cent of patients with sarcoidosis 
fail to react to intracutaneous tuberculin. However, 
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this ancrgy extends to other protein antigens and 
is in no way diagnostic. 

The so-c.illcd Kxdm reaction is elicited by intra- 
cutaneous injection of a 10 per cent suspension of 
l)inph node tissue obtained from a patient with 
sarcoidosis. After 1 month or more, a small nodule 
wi[[ appear at the injection site If, on biopsy, this 
contains bard tubercles, the lest is posili\’c. Despite 
lack of a standard antigen and occasional difRcultics 
in interpreting the test, the Kvcim reaction is a 
valuable diagnostic aid. It is positive in 60 to 80 
per cent of cases of sarcoidosis. 

Diagnosis. In the picscnce of pulmonary lesions, 
hilar and general l)mphadenopatliy, uveoparotid 
fever, skin lesions, h)’percalcemia, erj’thema nodo* 
sum, rheumatoid-hke arthritis, granulomatous uvei- 
tis. or combinations of these manifestations, sarcoid- 
osis should be suspected. Confirmation by biopsy 
of lung (raiely indicated), scalene or oilier ly-mpn 
node, skin, liver, skeletal muscle (a surprisingly 
frequent source of hard tubercles) or synovium 
should be attempted 

Other situations in which sarcoidosis should be 
considered are thrombocytopenic purpura, hemo- 
Ijtic anemia, diabetes insipidus, unexplained renal 
failure, arrhythmias or heart block, and unexplained 
inj-ocardial insufficiency. 

Complicotions. Other than the many types of 
functional impairment already mentioned, infection 
IS the only significant complication. Tuberculosis 
and crijptococcosis arc more likely to occur in pa- 
tients with sarcoidosis than in the genera) popula- 
tion and should be watched for carefully. 

Treatment. Many piitients with sarcoidosis arc 
os)mptomatic and require no therapy at all. The 
only agents that have any effect upon the lesions are 
flic adrenal steroids and ACTIl. Steroid therapy 
IS indicated in patients with pulmonary, cardiac, or 
renal insufficiency, nervous sjstem involvement, 
hypcrcalcuria, and active ocular disease os well as 
rapidly spreading lesions in the absence of specific 
disability. 

A dose of 25 to 40 mg prednisolone daily or the 
equivalent of another steroid should be given 
Response is slow and may not be evident for 3 to 6 
weeks. Steroids should not be abandoned as in- 
effective until a trial of at least 8 to 12 weeks has 
been completed. If sjinptoms subside, dosage 
should be reduced gradually until a maintenance 
level is found. Patients should be continued on 
steroids Indefinitely, witli periodic attempts to re- 
duce dosage or to discontinue the drug entirely. 

Prognosis. The mortality in sarcoidosis is low, 
probably about 5 per cent. Residual disability is 
entirely dependent upon tlie sites involved and tlie 
amount of irreversible functional loss attributable 
to fibrosis. The most frequent cause of deatli is 
cor pulmonale secondary to pulmonary insufficiency. 

J 


With steroid therapy, patients are certainly better 
assured of comfort and activity, but it cannot jet 
be said tliat mortality or length of life hav e been 
affected by hormonal treatment. 
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OOn INFECTIOUS 
AA^ MONONUCLEOSIS 

M. M. Wintrohe 

Definition. This disorder is of unknowm etiology, 
usually benign and probably of infectious origin, 
which Is characterized by irregular fever, sore 
throat, lymphadenopathy, and enlargement of the 
spleen, as vvell as by an absolute l)Tnphoc>tosis 
made up of cells of a peculiar type. High con- 
centrations of antibodies against sheep erythrocytes 
are demonstrable in the blood serum. 

Illslory. Since the designation “infectious mono- 
nucleosis" was first proposed by Sprunt and Evans 
in 1020, an ever-increasing number of cases has 
been oliserved and reported, especially since 1935 
This is due, at least in part, to better recognition of 
the disease. Prior to 1920 a few sporadic cases had 
been observed. The relationship of epidemics in 
children and In adults described under the title of 
“glandular fever” to infectious mononucleosis is m 
doubt because in most instances appropriate sero- 
logic techniques were not used, and when they 
were, the results were indefinite and irregular. 

Etiology and Pathogenesis. Tliis Is a disease of 
young people, including children, which has now 
been observed practically throughout the world. In 
the United States, infectious mononucleosis has 
been less frequent in Negroes tlian in vvliite per- 
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sons. It is a reLilivcly common condition in in- 
terns, medical students, and nurses, but many cases 
among oilier persons undoubtedly ptiss unnoticed. 
The mild or nonspecific character of many of the 
sjinptoms may be responsible, or the fact that ap- 
propriate blood examinations have not been made. 
With increasing frequency, sporadic cases have 
been observed wherever young people live together, 
as in boarding schools, colleges, and military groups. 
Infectious mononucleosis is quite uncommon over 
the age of forty but has been encountered occa- 
sionally. 

The etiology is unknowTi, although it is generally 
believed that the disease is infectious in nature. It 
is likely that individual susceptibility is low and 
that the causative agent is extremely labile. It has 
been stated that it is acquired by the intimate oral 
exchange of saliva. No clear instances of successful 
experimental transmission to liuman subjects liavc 
been reported and, in the main, experiments both in 
man and in animals have yielded little knowledge 
as to the nature of the causative agent. 

Clinical Picture. In the absence of a demonstrable 
ctiologic agent, some have assumed that the clinical 
manifestations of infectious mononucleosis are 
protean and have been willing to include under 
this diagnosis many cases of otherwise unexplained, 
self-limited febrile disorders with clinical and he- 
matologic features somewhat resembling those of 
infectious mononucleosis, especially when occurring 
In young persons. Such a comprehensive approach 
does not seem to be justified. For the present, at 
least, it would seem better to restrict the diagnosis 
to cases in which the lymphocytes constitute more 
than 50 per cent of the leukocytes, "alypicaP 
lymphocytes are present, and both of these features 
have been present for a period of at least 10 days. 
In addition, tlie tiler of heterophil antibodies, after 
guinea pig absorption, should be at least 1:28. Tlie 
clinical picture of the disorder, so defined, is quite 
a consistent one. 

Three clinical stages can be identified, namely, 
(1) a prodromal period of 3 to G days, characterized 
by nonspecific features similar to those of other in- 
fections and during which diagnosis may be diffi- 
cult; (2) a mid-stage of 4 to 20 days during which 
the full-blown disease presents itself; and (3) the 
stage of convalescence. 

The incubation period is uncertain and may be 
as long as 4 to 7 weeks. The onset is gradual, but 
ultimately bilateral lymph node enlargement de- 
velops in practically all cases. The cervical glands 
are always affected, the axillary and inguinal fre- 
quently but not invariably. The glands are affected 
singly or in groups. Local heat, redness, or marlced 
tenderness of the glands are conspicuously absent. 
The spleen is enlarged in at least 50 per cent of 
cases. 


The most common syndrome is the pharyngeal 
(80 per cent of cases). Pharyngeal inflammation 
varies in intensity', but hyperplasia of pharyngeal 
lymphoid tissue is almost always present. The 
palatal arch and uvula often have a gelatinous ap- 
poarance, but significant edema of the uvula is 
unusual. In some cases the throat presents the 
typical picture of follicular tonsillitis or that of 
Vincent's angina or of diphtheria. Stomatitis may 
be present. 

The feter is of no characteristic type. It may be 
transient in degree, but in one-sixth to one-tlnrd of 
cases the temperature reaches a peak of 103 to 
104*^, only occasionally higher. The temperature 
may rise in a remittent manner in the course of 4 
to 8 days. A secondary rise after an initial drop to 
normal may accompany the onset of glandular 
swelling or sore throat. 

A typhoidal syndrome, with fever, malaise, and 
headache predominating, is seen in 12 per cent of 
cases. Tlie headache may be so severe as to sug- 
gest meningitis. Gastrointestinal symptoms arc rare 

In about 8 per cent of cases icterus occurs and 
the picture of hepatitis is found. In the majority of 
cases, however, hepatitis without jaundice is pres- 
ent, as judged by hver function tests. The hepatic 
disease is usually mild. 

Edem.i of the eyelids has been described in a third 
of the cases and a palatal enanthem in almost as 
many. The latter consists of 5 to 20 pinhead-sized 
red spots, usually at the junction of the soft and 
hard palates, which appear in crops, darken in 
about 48 Ilf, and disappear after 3 or 4 days. 
Cutaneous lesions are unusual except for fault 
erythema or, rarely, a maculopapular eruption. 
Pctcclvial hemorrhages and purpura are encountered 
sometimes, and other hemorrhagic manifestations, 
such as cpistaxis, may occur. 

Other manifestaUons arc rare. These include ab- 
dominal pain of a type to suggest acute appendici- 
tis, possibly due to swelling of mesenteric nodes, 
cardiac and pulmonary manifestations, such as 
tachycardia, cyanosis, signs of pericarditis, transient 
T wave changes, and enlargement of mediastinal 
lymph nodes or pulmonary parenchymal changes, 
and a variety of neurologic manifestabons. The last 
include headache, blurring of vision, even convul- 
sions, stupor, coma, bradycardia, stiff neck, the 
Cuillain-Barrl syndrome, and encephalitis. 

Convalescence is sometimes slow and may be as- 
sociated wnth marked prostration. Recrudescences 
are very common. Relapse has occurred in about 6 
per cent of cases- Recovery is the rule, but death 
has been observed in a few instances from such 
compheations as rupture of the spleen, respiratory 
paralysis in association with nerx’ous system in- 
volvonent. pneumonia, edema of the glottis, and 
hemorrhage from a deep tonsillar ulceration. 
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Blood Picture. The Iculcocyte count is usually 
increased but, in the first week especLally, there 
may be leukopenia due to granulocytopenia. The 
leukocytosis is usually moderate (10,000 to 15,000 
cells per cu mm), but it may sometimes be very 
marked. It is due to an increase in lymphocytes, 
and these, in the main, ore of a peculiar tj^e: their 
nucleus may be oval, kidney-shaped, or slightly 
lobulated, and the cytoplasm is often somewhat 
basophilic and may be vacuolated or foamy in ap- 
pearance. The nuclear chromatin is usually coarse 
and irregular, and nucleoli are rarely seen. Tlicse 
cells make up 60 per cent or more of all the leuko- 
cytes. 

The characteristic changes in the leukocytes may 
appear as early as the second day of illness or as 
late as the twelfth day. They attain a peak by the 
se\enth to tenth day and persist usually for 1 to 2 
months. 

Anemia is extremely rare, but several instances 
of hemolytic anemia complicating infectious mono- 
nucleosis have been reported. Thrombocytopenia 
is rare, but in a few cases the chnica! picture 
resembled that of idiopathic thrombocytopenic pur- 
pura. The bone marrow reveals a shght myeloid 
iiyperplasla and immaturity; there may be an in- 
crease m lymphocytes. 

The serum characteristically contains aggluti- 
nins against sheep red cells in high titer (hetero- 
phil antibodies, Faul-Buncell test, see Chap. 110). 
This lias been obser\-ed, in different scries and ac- 
cording to the diagnostic criteria of the authors, in 
60 to 100 per cent of cases. The Faul-Bunnell test 
is actually nonspecific. Anti-sheep agglutinins are 
present in titers up to li28 in most normal persons 
and occasionaUy even in a tiler of 1:56. In various 
infections a titer of 1:112 and occasionaUy of 1;224 
may be seen. Persons receiving injections of horse 
serum and horse immune serum may dei'efop titers 
as high as any seen in infectious mononucleosb For 
these reasons it is generally considered that, in the 
presence of clinical and hematologic findings sug- 
gestive of infectious mononucleosis, only a liter of 
1.224 or higher can be interpreted as confinning 
the diagnosis. When there is doubt, a differentia] 
test IS required. This is based on the observation 
tiiat heterophil antibodies in normal scrum, in horse 
serum sensitization, and in a variety of infections 
can be absorbed completely by guinea pig kidney. 
On the other hand, anti-sheep agglutinins in infec- 
tious mononucleosis are never completely rcmox’ed 
by treating the serum with guinea pig kidney al- 
though they are. as a rule, completely removed by 
beef red cells. The differential test is carried out hy 
absorbing a portion of the patients senim with 
guinea pig hdney and another portion with beef 
red cells. After this the absorbed specimms are 
tested for sheep red-cell agglutination. 


In infectious mononucleosis, highest heterophil 
antibody titers are found usually during the second 
and third weeks of illness and, as a rule, positive 
reactions last 4 to 8 weeks. The titer bears no rela- 
tion to the severity of the disease or the degree of 
lymphocytosis. The serologic test for syphilis may 
become transiently positive. 

Henal function is rarely impaired, but albumin 
and red cells may be found in the urine. The 
cerebrospinal fluid pressure may be moderately 
elevated, and pleocytosis due to lymphocytes may 
be found. 

Diagnosis. Glandular enlargement, sore throat, 
fever, the characteristic cells in the blood, and an 
increased titer of heterophil antibodies are a com- 
bination of findings which makes recognition of 
infectious mononucleosis easy in most instances. 
However, as discussed earlier, some have been 
willing to define infectious mononucleosis quite 
broadly. It can be admitted that, in the absence of 
an identifiable specific etiologic agent, there is 
room for differences of opinion regarding the diag- 
nostic criteria upon which one should insist. Hmv- 
ever, it seems reasonable to require a minimum of 
20 per cent lymphocytes of the characteristic type 
at the time of the fever peak and a positive hetero- 
phil antibody reaction In the absence of a positive 
heterophil antibody test, it is difficult to maintain 
this diagnosis. The paradox of a positive heterophil 
antibody test unaccompanied by characteristic 
clinical and hematologic features of infectious 
mononucleosis can be explained by persistence of 
the antibodies from an earlier unrecognized attack 
and, in rare instances, by a resurgence of heterophil 
antibodies with another dlness. 

The above criteria should help to differentiate in- 
fectious mononucleosis from other infectious dis- 
orders. It may be added that certain symptoms are 
so unusual in infectious mononucleosis that their 
presence militates against the diagnosis, namely, 
nasal discharge or congestion, paroxysmal harassing 
cough, sputum, chest pain, joint pains, painful or 
extremely tender lymph nodes, watery dianhea, and 
hematuria or dysuria. 

Lymphocytosis, relative or absolute, may be 
encountered regubrly or occasionally in a number 
of the diseases wjth which infectious mononucleosis 
may be confused on clinical grounds. Marked leu- 
koi^osis (40,000 cells per cii mm or even higher), 
chiefly due to the presence of small IjTnphocytes of 
normal appearance, characterizes a benign disorder, 
acute infectious lijmphocijtosis, whicli has been ob- 
served ^lefly in children and is accompanied by 
only nuld constitutional manifestations and no 
lymphadenopathy, splenomeg.ily, or positive hetero- 
phil agglutination reactions. 

The clmical picture may be like that of senim 
sickness, a condition in which lymphocytes quite 
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similar to those seen in infectious monomicleosis 
may be found and a positive heterophil antibody 
test may be obtained. The differential test is re- 
quired to distinguish bet\veen the anUbody reacv 
tions in infectious mononucleosis and the rise in 
titer produced by horse serum. 

It is not rare for infectious mononucleosis to be 
confused with acute leuhemia. Differentiation of the 
latter depends on the demonstration of ver)' imma- 
ture leukocytes (“blasts”) in the blood or the bone 
marrow and the presence of anemia and thrombo- 
cytopenia, both of which are rare in infectious 
mononucleosis. The heterophil antibody test will be 
negative. 

Treatment. There is no specific therapy. Sodium 
perborate mouth washes are recommended since 
Vincent’s infection is frequently associated with in- 
fectious mononucleosis. From time to time marry 
agents have been advocated, such as arsenicals, 
penicillin, the tetracyclines, chloroquine, and adren- 
ocorticosteroid therapy, but such claims are diffi- 
cult to evaluate. As a rule, rvithout treatment, the 
irregular fever persists for I to 3 weeks, and sub- 
jectir’c symptoms disappear in 2 to 4 weeks. Re- 
lapses are not uncommon and may be late, but 
recurrences are very rare. The positive heterophil 
anUbody reaction may persist for as long as 5 or 6 
months, rarely longer, In the rare instances of more 
than average severity, tlie corticosteroids may give 
symptomatic relief without harm resulting, provided 
that treatment is continued for only 5 to 10 days. 
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OQA FAMILIAL 

A*J\J MEDITERRANEAN FE>nBR 

Robert G. Pctcrsdorf and 
Ivan L. Bcnncff, ]r. 

Definition. Familial Mediterranean fever is on in- 
herited disorder of unknown ctiologj* characterized 
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by recurrent episodes of fever, abdominal pain, 
chest pain, arthralgia, and rash, terminating in some 
instances in chronic renal failure secondar)' to amy- 
loidosis. The illness has also been termed “benign 
paro^smal peritonitis” and “periodic disease.” 

Epidemiology. Familial hleditcnanean fever 
(FMF) occurs almost entirely in peoples originat- 
ing in countries bordering on the coast of the 
Mediterranean — North Africa, Libya, SjTia, Iraq, 
Iran, Armenia, Turkey, Spain, Italy, and Israel. 
Most patients have been Sephardic and Iraqui Jews 
(Jews who originated in this area, as opposed to 
Ashkenazi Jesvs most of whom stem from Eastern 
Europe) and Armenians, In the United States, the 
disease has been described in indiv'iduals of similar 
racial origin. The disease is frequent among siblings 
and rare among their antecedents. Consanguinity 
between parents of those affected is much higher 
than in the general population. These data indicate 
that the gene of FMF is inherited as a typical auto- 
somal recessive trait. The ratio of affected males to 
females is approdmately 3:2. 

Etiology. The cause of FMF is not krvowTi. It is 
a genetically determined inborn error similar to 
M^terranean anemia, sickle-cell disease, or con- 
genital qiherocytosis. No abnorm.il hemoglobins 
have been demonstrated. There is no evidence that 
FMF is an autoimmune or lipid storage disorder 
Abnormal excretion of the amino acid, histidine, has 
been found in some patients. However, this has not 
been a consistent finding. Etiocholanolone (3a- 
hydfOxyetiocholanc-17-one), a steroid hormone 
metabolite which has been found to be pyrogenic 
for man, may be implicated in the pathogenesis of 
FMF (see below). 

Pathology. Biopsy of liver, spleen, bone marrow, 
lymph node, skin, and muscle ha% e not rei’ealed any 
lesions. Patients dying from renal failure have had 
amyloidosis invoKing the kidneys and other vis- 
cera. 

Manifestations. Familial Mediterranean fei’cr lo- 
gins prior to the age of ten in 70 per cent of pa- 
tients, and 93 per cent have their first attack before 
thry are twenty years old. Episodes of fever, aVi- 
dominal pain, chest pain, arthralgia, and cry’sipclokl 
rashes comprise the syndrome. An attack lasts 12 
hr to 3 dayi; occasionally symptoms persist for 7 
to 10 days. They recur at varying intcn-als; some 
patients are free of symptoms as long as a year, 
others have attacks once a week. 

reccr. Fever is present in 100 per cent of pa- 
tients and is the sine qua non for the diagnosis. The 
lempexahire ranges beriveen 100.4 and 104®F, rises 
steeply, and usually' falls abruptly. PyTcxia gen- 
erally lasts 12 to 24 hr. In most instances the tem- 
perature is normal between attacks, but .1 fevv 
patients, particularly those with joint itnohement, 
maintain low-grade py rexia. 
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Abdovxinal Pain. Attacks of abdominal pain occur 
in 90 per cent of patients and are the presenting 
sjmptom in 40 per cent. Tlie pain may be ony%vherc 
in the abdomen and may radiate to the sltoulden, 
diest, or bach. The abdominal wall may be doughy 
or rigid, with rebound tenderness, guarding, and 
absent bowel sounds — the hallmarks of acute peri- 
tonitis. It is not surprising, therefore, that many of 
these patients have been subjected to laparotomy. 
Vomiting frequently accompanies the attacks, but 
disturbances in lower bowel function are unusual. 

Chesf Pain. Some 80 per cent of patients have 
chest pain with or without concomitant abdominal 
pain. Tlie pain is stabbing, kmifelike, and pleuritic 
in character. It often radiates to the shoulder. 
Tach)’pnea is common, but dyspnea and cyanosis 
do not occur. Chest .r-rays arc normal except for 
occasional small accumulations of fluid in the costo- 
phrenic angles. 

Arihralgia. Four-fifths of patients with FMF have 
involvement of the joints. Attacks of arthralgia vary 
widely in duration, intensity, and location. The 
ankle is most frequently involved, with other joints 
of the lower extremities next in importance. The 
joints are tender, and there is redness and swelling. 
As a rule, several joints are affected. Each episode 
lasts 1 to 3 days, and it is not unusual to obser\'e 
mild fever behveen attacks. Most patients have no 
lasting functional impairment although, rarely, 
chronic deformities develop 

Culmicous Manifcatalhns. Almost 50 per cent of 
patients have some type of rash m association with 
the febrile attack Usually this takes the form of 
well-demarcated, slightly raised, erythematous 
patches over the ankle joints, dorsums of the feel, 
and calves As with the other components of FMF, 
the rash is evanescent 

Bcnal Incolcement. About one-third of patients 
with FMF have proteinuria, and in about one-half 
of these excretion of protein In the urine exceeds 2.0 
Gm per day. Several patients have developed the 
full-blown nephrotic syndrome— edema, hypoal- 
buminemia, and hypercholesterolemia — and at 
necropsy have shown classical amyloidosis. 

The cardiovascular, central nervous, endocrine, 
and reticuloendotheli.il systems remain normal in 
FMF Splenomegaly occurs in some patients, but 
since the majority also live in areas with a high 
prevalence of malaria and thalassemia, the signifi- 
cance of splenic enlargement is difflcult to assess. 

Laborntor}' Findings. Since the cause of FMF 
remains an enigma, it is not surprising that the 
patients have been subjected to extensive laboratory 
investigation. Aside from marked elevation in the 
sedimentation rale, leukocytosis with counts rang- 
ing between 10,000 and 20,000 cells per cu mm 
during attacks (but not (hiring asymptomatic in- 
tervals), hypcrCbnnogenemia, a questionable in- 


crease in uroporphyrins, and sporadic increase in 
spherocytes in the blood, laboratory data are en- 
tirely normal. These include the hemogram, plate- 
lets, liviJT function tests, scrum proteins and lipids, 
drculating hormone levels, and amino acid excre- 
tion patterns, except for histidine. Red cell fragil- 
ity is normal, Coombs test is negative, and porpho- 
hibnogen absent. As has been mentioned, there are 
no significant microscopic lesions in any organ 
referable to FMF per se. 

Diagnosis. The diagnosis of FMF is not difficult 
in the classical case occurring in an Armenian or a 
Jew with a positive family history and with re- 
current attaclu and relativ’e well-being in the in- 
tervals between febrile episodes. The most difficult 
problem Is presented by patients with signs of acute 
peritonitis, and many have had repeated explora- 
tory ojverations. It is not uncommon for some of 
these patients who are familiar with their symptom 
complex to refuse surgical intervention. The dif- 
ferentia) diagnosis of fever should include malaria, 
relapsing fever, brucellosis, Hodgkin’s disease and 
other lymphomas, and collagen-vascular diseases 
However, the marked chronicity of FMF and lack 
of symptoms between bouts of py’rexia should dis- 
tinguish FMF from other subacute and chronic 
febrile illnesses. 

Articular involvement raises the question of 
rheumatoid disease, which can be ruled out by ab- 
sence of positive sheep cell, latex, or bentonite 
Ooccul.'ition tests and synovial biopsy 

Tlie relationship of FMF to two other entities, 
"periodic disease” and “etiocliolanolone fever," is 
of interest 

Periodic Dheaie. In 1946 Refmann described a 
group of disorders characterized by short, regular 
epuodes of a symptom complex which recurred over 
many years without affecting the patients’ general 
health. He named these acco^mg to their outstand- 
ing clinical features such as periodic fever, penodic 
abclominalgia, periodic arthralgia, periodic neutro- 
penia, periodic purpura, and periodic edema Tlie 
emphasis on the regular occurrence of these attacks 
is unfortunate because, in actuality, the majority of 
episodes in Reimann’s patients occurred at irregular 
intervals, much like those in FMF. Furthermore, 
many patients described as having "periodic dis- 
ease" clearly have had FMF. Others have had 
angioneurotic edema, Henoch-Schonlein (anaphy- 
lactoid) purpura, and a peculiar disorder, cyclic 
granulocytopenia, characterized by regularly recur- 
ring neutrophilic granulocytopenia, accompanied by 
anorexia, malaise, fever, and secondary infections 
such as stomatitis, pharyngitis, and pneumonitis 
*1110 last three disorders appear to be far removed 
cimically from the well-defined picture of FMF 
*010 various periodic disorders were asca’ibed to 
some underlying occult rhythm, perhaps a ncuro- 
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vascular disturbance. Since Uie cognomen “periodic 
disease” obviously represents several nosologic en- 
tities, there seems little to be gained by its use. 
“Benign paroxysmal peritonitis" merely refers to 
the abdominal aspects of FMF. Since it is not a 
benign process, the term is inaccurate and should 
be discarded. 

Eliocholanolonc Fcter. In 1958 Bendy and his 
colleagues reported two patients with recurrent at- 
tacks of fever, abdominal pain, arthralgia, and 
leukocytosis whose main urinary steroid breakdown 
product during the febrile attack \%’as ctiocholano- 
lone and who, at the same time, had unconjugalod 
etiocholanolone in the plasma. This observation was 
of particular interest since it had previously been 
shown that a few specific steroids, notably elio- 
cholanolone, were capable of producing fever when 
injected into man. It is postulated that these pa- 
tients have one or several abnormal pathways for 
the metabolic breakdo\vn of endogenous steroid 
products. This results in the intermittent appear- 
ance of etiocholanolone in the bloodstream fol- 
lowed by elevation in temperature. In contrast to 
etiocholanolone fever, patients with FMF have not 
been found to have abnormalities in steroid metab- 
olism. Furthermore, the racial predisposition, amy- 
loidosis, and histidinuria found in FMF are absent 
in etiocholanolone fever. Finally, some patients 
with this illness improve following administration 
of cortisone, which has been consistently ineffective 
in FMF. Despite these differences, some patients 
with etiocholanolone fever were of Jewish extrac- 
tion, and one had a family history which was posi- 
tive for similar febrile attacks. The relationship of 
etiocholanolone \d FSW needs luttVicr clafAcaVion. 

Treatment. A plethora of therapeutic regimens 
including antibiotics, nrscnicals, and adrenal ster- 
oids has been tried in the treatment of FMF without 
avail. Tlicrc is some indication that ACTH and 
cortisone enhance the deposition of amyloid and arc 
contraindicated. A striking reduction in the number 
of attacks of FMF has been described following 
institution of a low-fat diet and exacerbations fol- 
lowed dietary indiscretions, particularly ingestion of 
foods high in fat. ^Vhetller fat per se or some other 
chemical moieties in fatty foods arc responsible is 
not k-nown at present. 

Prognosis. Familial Mediterranean fever Is a 
chronic disease, persisting throughout life. Tlie 
only known nmelioraling factor is pregnancy, and 
compkle remissions are seen in gravid women. 
Since the disease appc-irs prcdomin.inrty' in the 
juiing and middle-aged, it is conceivable lh.it re- 
covery takes place vvitli advancing age. If is more 
likely, however, that the m.njority of p.iticiits die of 
renal failure and that the migratory habits of many 
patients with this disease have prevented adequate 
follow’-up studies. 
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AflDLlNE GKANULO.NfA 

Lawrence £. Sfii/hnan 

DcCnilion. This peculiar condition, also knowai ns 
lethal midline graniihtna or graniilomfl gangracncs- 
cans, is characterized by progressive destruction of 
the soft tissues and bony stnicturcs of tlic face, 
terminating almost invariably in death after several 
months or a few years of illness. It occurs in young 
adults and the middle-aged and seems to ho more 
common in men. The first case was described by 
McBride in 1S97 and since then more than 100 
cases have been reported, mostly in the otohryngo- 
logic Htcratuic. 

Etiology and Pathology. Not only is the etiology 
of midlinc granuloma unknowm, but llie category 
of disease in which it belongs is uncertain. There is 
disagreement as to whether it is primarily (1) in- 
fectious, (2) vascular or allergic, or (3) neoplastic. 
Only a few complete autopsy studies have been 
reported. In h.ilf of Uicm, lesions Iiavc been found 
in skin, lungs, and mesenteric lymph nodes as well 
as the face. 

Histologically*, the lesions of midline granuloma 
vary from case to case and also from one area to 
another in the individual case. Tlie most common 
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finding in the facial lesion is chronic (nflammatjon. 
In the face and else^vhcre there are focal areas of 
necrosis and necrotic small blood vessels, often 
containing granular thrombi, suggesting that the 
process is primarily vascular. The vascular lesions, 
however, differ from those of pol^Tirleritis nodosa in 
that tlie characteristic inflammatory reaction of a 
true vasculitis is absent. Some areas contain large 
numbers of cells of varying sizes ^vith large, pale, 
multilobuinted nuclei, simulating Hodgkin’s tliscase 
and mycosis fungoides. In other areas, hyper- 
chromatic nuclei and numerous mitotic figures re- 
semble those seen in undifferentiated tumors. 

Clinical Features. Midhne granuloma begins with 
a prodromal penod of months to years of nasal ob- 
stniction and discharge, at first mucoid and later 
purulent. During this lime, the patient is usually 
thought to have allergic rhinitis or sinusitis. Progres- 
sive inflammation and ulceration follow. The first 
ulcerations are found in the nasal septum, the 
mucosa or skin of the alae nasi, or the center of the 
palate. The lesions invade underl)ing cartilage and 
bone, giving rise to septal or palatal perforations. 
The condition spreads by local ettension to involve 
tlic rest of the nose, paranasal sinuses, eyes, mouth, 
pharynx, and larynx. Eventually, the structures of 
the mldfacc arc totally destro)'cd by erosion. Grad- 
ually, the functions of sight, speech, and ventflallon 
arc impaired or lost. The end result is the formation 
of a large cavity, bounded above by the frontal bone 
and superior aspect of the orbits and below by the 
mandible, which is never affected. 

During periods of activity, and especially pre- 
terminally, the patient becomes febrile. Usually the 
fever docs not respond to appropriate chemotherapy 
for the secondary bacterial infection which is almost 
•always present. Moreover, even in the presence of 
obvious p)ogenic infection, the patient often fails 
to develop leukocytosis and during the later stages 
may become chronically leukopenic. Another curi- 
ous feature is the absence of cervical lympluidc- 
nopatby during periods of active inflammation and 
progression of the disease. A few patients show red, 
raised, indurated areas on the skin of the legs and 
abdomen, resembling those of erythema nodosum 
clinically and Imtologically. There is no anemia, 
and the bone marrow and scrum protcirts are nor- 
mal. Microbiologic investigations have failed con- 
sistently to detect a specific virus, bactenum. or 
fungus. 


TIjc course of tlie disease varies greatlyi some 
cases last for more than a decade with long periods 
of quiescence and others are fulminant, ending 
fatally after a few months. Death usually results 
from meningitis, pneumonia, inanition, or massive 
hemorrhage. 

Diagnosis. During the early phases of midhne 
granuloma it is important to rule out several specific 
nasal and facial conditions, many of which arc 
treatable. These include; leprosy, syphilis, yaws 
(gangosa), tuberculosis (lupus vulgaris), glanders, 
leishmaniasis, blastomycosis, and coccidioidomyco- 
sis, chromate poisoning! lupus erythematosus; also 
lymphomas, mycosis fungoides, and other malignant 
tumors. Midhne granuloma is differentiated from 
Wegener’s granulomatosis (p. 1000) by the absence 
of generalized polyarteritis nodosa and glomem- 
lonephntis. Noma is readily distinguished by its 
being largely restricted to children, involving the 
cheeks and mouth, but not the nose. 

Treatment. No effective thempy for midhne 
granuloma has yet been found. The basic disease 
progresses despite administration of antibiotics or 
adrenocortical steroids. A few early reports of 
benefit following radiotherapy have not been sub- 
stantiated by further experience, and nitrogen mus- 
tards have failed. Radical surgical excision is no 
more effective than conserv’otive debridement. Van- 
ous prosUieses designed to maintain the integrity of 
the normal facial passages are helpful botli func- 
tion,iJly and cosmetically. 
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ALLERGY AND ITS 
MANIFESTATIONS IN MAN 
Leighton E. CUif} 

Definition. Allergy designates the ad%'erse reac- 
tions, and immunity designates the protective reac- 
tions, observed upon exposure to a foreign substance 
(antigen) following an initial sensitizing or im- 
munizing contact. 

History. Acceleration of the local re.'sction to 
co'vpox vaccination in immune persons was de- 
scribed by Jenner in 1801, and this was the first 
recognized immunologic reaction in man. Koch de- 
scribed the h)’persensitivity reaction to tuberculin 
in indhiduals with tuberculosis in 1890. Severe 
systemic reactions, occasionally leading to death, 
following repeated intravenous inoculations of for- 
eign protein into animals were described by Portler 
and Richet and by Theobald Smith in 1902. This 
phenomenon was called anap/iylasis, the antithesis 
of prophylaxis or protection. Rosenau and Anderson 
showed that anaphylaxis was elicited only by the 
specific antigen to which an animal had been sen- 
sitized. Von Pirquet coined the term allergy in 
1907 to describe the altered reaction and clinical 
manifestations observed following exposure of hu- 
man beings to foreign proteins. 

Eliolog>’ and Pathogenesis. Allergy in man and 
in experimental animals may be of two types; (1) 
reactions associated with scrum antibody, and (2) 
reactions unrelated to serum antibody. The allergic 
reaction unassociated with serum antibody is often 
referred to as deJat/ed hypersensitivity, while the 
reaction related to serum antibody is referred to as 
immediate hypersensitioitij. 

Allergic reactions in man attributed to serum 
antibody primarily involve smooth muscle and 
blood vessels, as illustrated by hay fever, asthma, 
anaphylaxis, urticaria, and periarteritis nodosa, re- 
sulting in increased vascular permeability, edema, 
vasculitis, and probably smooth muscle contraction. 
Anaphylaxis, serum sickness, arteritis, and glomeru- 
lonephritis can be induced in experimental animals 
by injection of foreign protein or serum. These al- 
lergic reactions appear when antigen is in excess of 
serum antibody and soluble antigen-antibody com- 
plexes are present in the circulation, illustrating 


the important quantitative relationship between an- 
tigen and antibody in the production of disease. 

Delayed hypersensitivity reactions not rebted to 
serum antibody may not be primarily associated 
with vascular lesions, but are characterized by peri- 
venous inflammation with mononuclear celb, and 
tissue injury possibly results from effects other 
than vasculitis and smooth muscle contraction. Al- 
lergic reactions to bacterial antigens follow’ing in- 
fection, such as the tuberculin reaction, contact 
dermatitis, and possibly others are attributed to 
delayed hypersensitivity. 

The relationship of immediate hypersensitivity 
reactions to serum antibody is illustrated by passive 
transfer of the alleigic state with serum. Delayed 
hypersensitivity reactions, on the other hand, can 
he transferred only with mononuclear cells from the 
allergic individual. 

Most antigens of organic substances, including 
pollen, dust, and dander which are common causes 
of allergy in man, are proteins. Other substances 
capable of inducing an immunologic response, how- 
ever, may be polysaccharides, chemicals such as 
drugs, and possibly lipids. From the classical studies 
of Ldndstemer, Chase, and others, it is likely' that 
chemicals or drugs, and frequently polysaccharides, 
become antigenic only when complexed to protein. 
In this way the chemical or polysaccharide serves 
as an antigenic determinant or hapten. 

Although the character of an antigen may con- 
dition the type of immunologic response induced, 
the route of inoculation and the conjugated state of 
the hapten are of greater importance. For example, 
injection intradermally of a chemical such as pfciy’l 
chloride into man or experimental animals results 
in the development of nonantibody’-mediated or 
delayed hypersensitivity, whereas, injection of the 
same chemical intravenously results in develop- 
ment of antibody-mediated or immedbte hyper- 
sensitivity. 

Antibodies specifically associated with certain 
allergic diseases in man, such as hay fever, have 
features which distinguish them from antibodies of 
other types and frequently are referred to as reagins. 
Reagins are not detectable by the usual in vitro 
immunologic procedures (precipitation and com- 
plement fixation with antigen), they are less re- 
sistant to heat than other antibodies, and they are 
1257 
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fiiinly in the shin at the site of inoculation. The 
presence of a rcagin in senim correlatcrs with the 
wheal ond erythema elicited by intraentaneous in- 
jection of antigen, but bears no constant relation- 
ship to the presence or the sc\crit)’ of clinically 
signiGcant allergic disease. Certain indmduals hax’e 
a particular propensity for ties eloping leaginlc anli- 
hodics, and as rlliistralcd by immunization with 
iliphlhcria toxoid, inditidiials with a personal or 
family history of allergic disease, such as hay fe\er, 
urticaria, and asthma, develop "skin sensitizing’’ or 
rcagin antibodies to diphtheria toxoid with greater 
frequency than persons witliout such a histor)'. 

There arc important quantitative relationships 
between antigen and antibody that are required lor 
the elicitation of a hypersensitivity reaction. For 
example, an Arthus skin reaction, characterized by 
acute inflammation and hemorrhag/e necrosis, regu- 
larly can be induced only when the intracuLaneous 
dose of antigen is specifically related to the amount 
of antibody an animal possesses. Furthermore, as 
mentioned previously, anaphylaxis and senim sick- 
ness are clicitable most readily only when antigen js 
m excess of the available specific antibody. 

Serum complement often is involved in the in- 
teraction of antigen and scrum antibody, and it is 
prub-rble that complenieiit plays an essential role in 
some allergic reactions. Allergic reactions associated 
with scrum antibody are commonly characterized 
by the elaboration of histamine, proteolytic 002)^10 
activity, and changes in blood potassium, adeno- 
sine, serotonin, heparin, "slow reacting substances." 
and other substances. None of these biochemical 
changes has led to a satisfactory understanding of 
the mechanisms of allergic disease in human beings, 
but the liberation of hist-aminc probably accounts 
for the wheal and flare reaction of rcaginic skm 
reactions and may account for some of the effects 
of hay fever, as these reactions can be reproduced 
vvilli hist.iinine and ore alleviated witli histamine 
inhibitors 

The ability to produce rcagin, as indicated above, 
is probably genetically determined, oltliough tliis 
has not been satisfactorily defined. In addition, 
selective animal breeding can result in evolution of 
strains with varying immunologic responsiveness. 
Congenital agammaglobulinemi.! ch.iracterized by 
a defect in senim antibody synthesis is a gross ex- 
ample of varying Immunologic responsiveness in 
the human being There are, in addition, acquired 
diseases that may significantly alter immunologic 
responsiveness, illustrated by the failure to develop 
dclaved liyqiersensitivity in sarcoidosis and Hodg- 
kin's disease. Furthermore, patients w ith lymphatic 
leukemia are often defective in the ability to pro- 
duce senim antibody, .15 also arc p.itients with 
multiple myeloma. Experimentally, it has been 


shown that exposure to ionizing radiation can im- 
pair Immunologic responsiveness. 

Allergy, itself, is not inherited, but the existence 
of a familial predisposition to its development seems 
firmly established, and familial allergic disease is 
commonly called atopic. About 50 per cent of pa- 
tients with hay fever or asthma will have a family 
history of allergic disease, as opposed to only 15 per 
cent of the remaining popukition. 

The characteristics of antigen, antibodies, and 
the immunologic mechanisms probably associ.ited 
with certain allergic diseases of man are listed in 
Table 232-1. 

llijposcnsitization or desensilization lias been 
the principal means of specific treatment in allergic 
disease of man. The immunologic mechanisms in- 
volved in specific reduction of hypenensitivity re- 
actions have been extensively studied but still are 
poorly understood. In experimental animals and in 
llie hiunan being, desensitization can be accom- 
plislicd by two principal methods of antigen ad- 
ministration: (1) by repeated and frequent Injec- 
tion of small but increasing doses of antigen over 
an extended period of time, and (2) by injection of 
a large dose of antigen in one inoculation or several 
doses over a short period of time. The first method 
is the one commonly used in desensitization of 
patients with allergic diseases such as hay fever and 
asthma, while the second is usually employed in 
dc$cn$itiz.ition of patients to horse serum. 

Injection of a large but subletlial dose of antigen 
into tlie sensitive individual Is followed by decrease 
or disappearance of specific serum antibody, and 
the accompanying desensitization persists as long 
as the scrum antibody is suppressed. When the 
scrum antibody reappears, however, sensitivity to 
tlic antigen reappears. 

Repc.itcd and frequent injection of antigen into 
the sensitive individual may not result in a decrcave 
but may’ result in a rise in serum .antibody levels. It 
Iws been suggested Uiat one possible explanation for 
desensitization accomplished in this way is a 
diangc m the quantitative relationships between 
level of antibody and dose of antigen required to 
elicit a hypersensitive reaction. In other words, as 
the antibody titer rises, larger amounts of antigtn 
would l>e required to elicit a hypersensitivity re.ic- 
tion, and there is decreasing reactivity to doses of 
antigen that were previously harmful. 

From the studies of Cooke and Loveless it seems 
clear tliat in atopic or rcaginic disease there may 
be an alternative explanation for desensitization in 
m.-m accomplished by rcjicatcd injections of small 
doses of antigen. Follow ing parenteral injections of 
pollen antigens into the sensitive or normal person, 
an antibody (hfocAing antiboJij) m.iy develop that 
can block the reaction of antigen witli reagin. The 
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TqWc 233-J, niHUvoLOCic JirciiAMSie or allehgic he^ctiovs 



j Seniin antibody 

No scrum anliUxly 


I (“Classical”) 

II (Ucagin) 

in 

Clinicaltvpes: ' 




Serum sickness 

+ 

0 

0 

Anaphylaxis (insect, drug infection) I 

+ 

+ 

0 

Ilav fever 

0 

+ 

0 

Asthma. 

± 

+ 

? 

Urticaria, 

± 

4- 

0 

Contact dermatitis 

0 

0 

+ 

Immunologic (drug) thrombopenia 

+ 

f) 

0 

Immunologic (drug) leukopenia 

-f- 

0 

0 

IinmiinoJogie (drug) hemolytic anemia. 

-f* 

0 

0 

Chronic (llashimoto'e) thjToWitis 

i 

0 

± 

.'5)-mpathetie ophthalmia 

f 

0 

i 

1 enlicular phaeoanapVivlactica 


0 

i 

Ilomograft rejection 

* 

0 i 

-f- 

Allergic cneeplialomyelitis 

0 

0 

-f 

Peri.vrtpnlis nodosa 

+? 

0 

0 

Systemic lupus crvthcmatosiis 

1 ± 

0 

1 ± 

Ufoal Terjuirements for sensitlzariont 




Infection, skin contact 

0 

0 


Parenteral cont.vct (not bacteria) 

4- 

1 ± 

0 

Inhalation (not bacterm) 

+ 

+ 

0 

Characteristics of sentm antibody: 




Complement fixation 

+ 

0 


Heat I.vWlc 

0 

+ 


Skin fixation 

0 

+ 


Placental transfer 

+ 

0 


Familial. 

0? 

+ 


Transferable with serum 

+ 

+ 


Precipitating with antigen 

+ 

0 


Nonppccipitating with antigen 

+ 

+ 


Passive transfer with cells (mononuclo.ir) 

± 

? 

+ 

Reaction site; 




Blood vessels 

+ 

+ 

0 

Smooth muscles 

+ 

+ 

0 

Extravascular cells 

0 

0 

+ 


± — inconclusive e>-idencc; 7 — unknov.n. 


“liloclcing” antibody is beat stable and does not 
become feced in the shin at the site of injection, 
distinguishing it from rcagin. Reduction in sensi- 
tisity by repeated injection of small doses of anti- 
gens, uhclhcr attributable to increased levels of 
scrum antibody or appearance of bloching antibody, 
may persist for a very limited period of time. 

Nonspecific dcscnsitizalion or suppression of al- 
lergic reactions can be accomplished with a variety 
of dnigs and otlier substances. For example, 
adrenal cortical steroids can suppress the innamnu> 
tion associated with cellular hj-pcrscnsilMty but 
arc less elTcclivc in suppressing most reactions in 
experimental animals mediated by serum antihodv. 
In this rcsjx-ct, it is of interest that adrenal steroids 


have such a profound effect in suppressing the 
sj'mptoms of hay fever, urticaria, and scnim sick- 
ness which are probably mctliatcd by senim anti- 
body. Antibistammes, bacteria! endotoxin, and many 
other substances also will reduce many cxpcr{ment.vl 
and clinical allergic reactions. 

HAY FEMIR 

Definition, llarj feter is characterized by sneez- 
ing, rhinorrhea, itching of the eves, and lacriiiution. 
It is most commonly attributwl to pollen antigens in 
the air and, therefore, occurs dunng particular sea- 
sons of the V'car. Affcrgic f/i/nitir is not tieccssarily 
seasonal and can devx-Iop upon cipovurc to airborne 
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antigens oilier than pollen. Vasomotor 
designates perennial allergic rhinitis as well as other 
nasal diseases that may not be allergic but are cJiar- 
actcrized by symptoms resembling hay fev-er. 

Etiology. 'The immunologic mechanisms asso- 
ciated \\ilh hay fever, characterized by the presence 
of serum reagin, himilial history of allergic disease, 
and wheal and erythema reactions in the skin 
following injection of specific antigen, ha\c been 
described. Of particular importance and interest In 
hay fever are the pollens which ser\’c to induce the 
immunologic response and elicit the h^’persensitivity 
reaction responsible for producing rhinitis Plants 
w Inch depend on the wind for cross-polhnation arc 
common sources of antigens responsible for hay 
fever Plants that are pollinated by insects, includ- 
ing most flowering plants such as roses and golden- 
rod, are not important causes of hay fever. 

Ragweed pollen is the principal offender re- 
sponsible for bay fever in the United Slates- It is 
prevalent in the central, eastern, and soulheastem 
part of the country, virtually absent in the north- 
west, and west of the Rocky Mountain stales, and 
of little importance in the southwest Ordinarily, 
ragweed pollinates between the first of August and 
the end of October, and cot!) fall is the most likely 
season for a patient to experience s^'mptoms of 
ragweed hay fever. 

Crass, weed, and tree pollens also are important 
causes of hay fcv'cr in tins country. In the northern 
half of the country, grasses pollinate from May to 
July, while in the south, grass may pollinate 
llironghout the year. 

Although the time of year when trees pollmale 
may vary, they ordinanly do so in early spring, and 
c.irlicr in the south than in tlie north 

Most pollen particles arc about 25 to <40 in 
diameter and, therefore, settle promptly from the 
.Tir. varying, of course, with wind velocity. Tlie 
settling properties of airborne pollen are used for 
crude estimations of the “pollen count” in the air 
by collecting .and enumerating particles on a greasevl 
glass slide There is an approximate but regular 
correlation between the pollen count and llic fre- 
quency of occurrence and severity of hay fever in 
llic exposed population. 

The relatively large size of pollen particles 1$ of 
importance in considering the pathogenesis of hay 
fever. Most particles the size of pollen suspended 
in the air will be impinged and deposited within 
the nose during inhalation. Very few if any of tlie 
jiarliclcs would bo expected to reach the terminal 
bronchioles. 

W'ind velocity, humidity, temperature, lime of 
day, and other ineteorologic conditions imdinibtcdly 
influence the aerodynamics of pollen and are of 
importance in explaining the v.iriitifms In severity 
of li.aj fever with cli.mgiiig climatic conditions. For 


c^xample, rain causes a sharp decrease in the con- 
centration of large particles, including pollen, in 
the air, although it may not affect the concentration 
of airborne particles less than 5 ^ in size. 

Pollen particles from plants, grasses, or trees of 
varying types can be differentiated by microscopic 
examination, enabling one to define precisely the 
airborne pollens likely to be responsible for hay 
fever. 

Other airborne antigenic particles have been in- 
criminated in the etiology of perennial allergic 
ilunitis. Including matenal from feathers, dust, ani- 
mal danders, facial powders, fungus or molds, 
clothing, and food particles disseminated during 
cooking. 

The specific antigenic determinants in pollen, 
dust, and other airborne particles responsible for 
allergic rhinitis have not been precisely charac- 
terized. 

There is evidence suggesting that the nasal 
mucosa of the patient with hay fever or allergic 
rhinitis is more susceptible to the inflammatory 
effects of inhaled irritants than is the nasal mucosa 
of normal persons Furthermore, recent studies in 
volunteers indicate that persons with allergic rhini- 
tis are more susceptible to infection by respiratory 
viruses than ore normal persons. This enhanced 
reactivity of the nasal mucosa to a variety of stimuli 
also may explain the effects of emotional disturb- 
ances in exaggerating and possibly initiating symp- 
toms of rhinitis in the allergic individual 

Manifestations. Pruritus about tlie eyes, nose, 
throat, and mouth, nasal discharge, sneezing, and 
lacrimation arc the characteristic features of hay 
fever or allergic ibinitis. Particularly troublesome to 
the patient is occlusion of the nasal airway, making 
breathing difficult and often causing insomni.i 
Symptoms vary in severity from day to day and 
from one patient to another. Tliis variability in the 
symptoms of hay fever can be explained partly by 
changing concentration of airborne antigens, but the 
variability between patients is not always easily 
understood. 

The nasal mucosa usually fs pale and edematous, 
but may appear bjperemic if the disease persists 
The conjunctiva and the skin about the eyes, nose, 
and occasionally the mouth often are reddened. 
Microscopic examination of the nasal secretions may 
show many eosinophils. 

Occlusion of the nasal passages by swelling of the 
turbinates and mucous membranes may result in 
olistruction of tlie sinus .ostia or the Eustachian 
lube, and infection of the sinuses and middle car is 
a relatively common complication of perennial al- 
lergic rhinitis but uncommon in seasonal hay fever. 
In addition, infection of the sinuses or nose in 
patients with allergic rhinitis results m formation of 
pofy/« of the nasal mucosa. These poljps can fur- 
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ther obstruct the nasal passages and cause more 
severe symptoms and exaggerate infection. It is 
unusual to observe nasal polyps in the absence of 
nasal or paranasal infection. ^Vben sinusitis de- 
velops in the patient with allergic rhinitis, polyps 
may fonn also in the sinuses; these are recognizable 
radiologically. 

Many persons wth hay fever or allergic rhinitis 
subsequently may develop asthma. Retrobulbar 
neuritis, laiyngeal edema with hoarseness, angio- 
edema, urticaria, and other allergic illnesses occa- 
sionally accompany allergic rhinitis. 

Diagnosis. Symptoms resembling tliose of allergic 
rhinitis or hay fever can occur in other situations 
where allergy cannot be incriminated. It is a com- 
mon experience, for example, to develop sneezing, 
watery nasal discharge, and lacrimation upon ex- 
posure to an atmosphere heavily contaminated with 
smoke, dust, or other irritants. Similarly, these same 
s}’mptQms often herald the onset of a viral upper 
respiratory tract infection. It is important to remem- 
ber that the symptoms of hay fever are attributable 
to nonsuppurative inSammation of the nasal mucosa, 
and any situation resulting in inflammation of the 
nose can produce an illness often indistinguishable 
from allergic rhinitis. In addition, the nasal mucosa 
of the patient with allergic rhinitis is much more 
susceptible to the inflammatory effects of irritants, 
and exposure to irritants can result in nasal symp- 
toms that ordinarily would not occur in normal per- 
sons. Ingestion of alcoholic beverages and emotional 
stimuli may also produce hyperemia of the nasal 
mucous membranes, exaggerating the symptoms of 
allergic rhinitis. Polyctjthetnia oera may occasionally 
ho tecognized hUtially because of nasal and con- 
junctival hyperemia, resulting in symptoms resem- 
bling hay fever. 

The pale and edematous appearance of the nasal 
mucosa often is helpful in distinguishing allergic 
rhinitis or hay fever from other conditions. In addi- 
tion, the presence of nasal polyps is characteristic 
of allergic nasal disease, although indicative of 
coexistent infection in the nose or sinuses. 

Of great importance in the diagnosis of hay fever 
is its seasonal occurrence, coinciding vvalh pollina- 
tion of Weeds, grasses, or trees. The nonscasonal 
character of perennial allergic rhinitis makes it less 
readily recognizable. Examination of nasal secre- 
tions for eosinophils, however, is often helpful. 
Blood cosinophilia is also occasionally found in 
patients with allergic rhinitis. 

Skin Tests. Approximately 25 per cent of the 
normal population will have wheal and erythema 
skin reactions when tests are made by the intracu- 
taucous inoculation of common airborne antigens. 
Not all these persons with positive skin test reac- 
tions, however, have allergic rhinitis or hay fever. 
Nevertheless, individuals with serum rcagio de- 
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monstrahle by skin testing are more likely to 
develop allergic respiratory disease than are per- 
sons without such positive reactions, Ojmmonly, it 
is found that the allergic patient will have positiv e 
skin reactions to many antigens even though it m.iy 
not be possible specifically to incriminate any one 
of them as responsible for the production of symp- 
toms of allergic disease. Therefore, skin tests with 
antigens potentially capable of causing allergic 
rhinitis or hay fever are of greatest valu^ in de- 
tecting the presence of an allergic propensity rather 
than detection of tlie specific antigen responsible 
for the patient’s symptoms. Only by careful correla- 
tion of the skin test reactivity with tlie environ- 
mental circumstances when the patient develops 
symptoms of rhinitis is it possible to delineate the 
incriminated antigen. Therefore, antigens for skin 
testing should be selected from those probably re- 
sponsible as determined by a careful historical 
analysis of the situations when the patient cxepcri- 
enccs his symptoms 

Skin tests usually are performed with crude 
aqueous extracts of dried pollen, dust, foods, animal 
fur, insects, and other substances considered poten- 
tially capable of causing allergies. These antigen 
extracts are commercially available. The potency of 
the extracts may vary considerably, and a number 
of criteria have been devised for standardization 
None of these methods of standardization, how- 
ever, is very reliable, as the extracts are erode and 
the measurement of specific antigen m the extracts 
at present is impossible. The techniques for stand- 
ardization are: (1) the pollen unit of Noon, rep- 
resenting the extract from 1 fig of pollen; (2) 
weight by volume and dilution method, represent- 
ing dilutions of a concentrated extract, (3) protum 
nitrogen unit, 1 unit representing 0 01 ^g of chem- 
ically determined protein nitrogen in the extract 
None of these systems is satisfactory but m-ay 
facilitate standardization of extract potency in use 
in a single clinic or from a single source. 

Skin tests are done by application of a drop of 
antigen to a skin scratch or by inlradermal inocu- 
lation of 0 01 to 0.02 ml to produce a small welt 
in the skin. In the beginning, very dilute extract 
should be used for skin testing ns large amounts 
of antigen may produce severe systemic reactions 
in the allergic patient. The concentration of anti- 
gen may be gradually increased until one js satis- 
fied that tile patient lias a neg.ative reaction. Ordi- 
narily, it is unwise repeatedly to test a patient on 
the same day or to test with a kirgc number of 
extracts at one lime. Positive reactions to c-xtracts 
of antigens responsible for hay fever or allergic 
thinitis usually are apparent walhin 15 to 20 min 
and are characterized by vv heal and cryilicma and 
hy local pruritis. Wben large doses of extract are 
given, sjTnptoms of liay fev cr or even a generalized 
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reaction may be produced. Occasionally, reactions 
may be delayed and result in erythema and indura- 
tion at tlie site of injection at 24 hr. The importance 
of such reactions in diagnosis of allergic n^iratory 
disease is not clear. The scratch skin test ordinarily 
is safer than the intraderma] injection of antigen, 
although the latter is more reliable and reproduci- 
ble. 

E.\tracts of foods are available for skin testing, 
but their use should be limited as it is preferable 
to diagnose allergy to foods by anamnesis and by 
elimination diets. 

Extracts of bacteria and killed bacterial vaccines 
for skin testing are useful, of course, in the diag- 
nosis of certain types of infection, but tbe lelalion- 
ship of hypersensitivity to respiratory microorgan- 
isms in tbe production of allergic rbimtis is far from 
clear. Until this relationship is better defined, it is 
impossible to place any diagnostic significance upon 
positive reactions in the diagncpsis of allergic le- 
spUtifory disease. Cultural identification of Kacteria 
in the respiratory tract potentially responsible for 
infection is of greater use than skin testing. 

When It is undesirable to perform skin tests in 
a patient, such as in young children or persons xvilh 
generalized skm disease, passive transfer of the pa- 
tient's serum to normal recipients may be perfomietl 
(Prausnitz-Kustner or P-K) . Ordinarily, 0 03 to 0.1 
ml of the patient's scrum is injected intraclermally 
into the recipient, and 24 In later normal skin and 
sites injected with scrum arc tested with the anti- 
genic extracts 

Epinephrine and ephedrine greatly reduce the 
wheal and erjthcma response to intradermally in- 
jected antigen, as do large doses of antihistamines. 
TlieSe drugs should not be administered to the pa- 
tient, therefore, prior to skin testing, Adrenal cor- 
tical steroids have little effect upon tliese reactions. 

Affhoergh dctgJrostic testing mlh antigen extracts 
of patients wth allergic disease is useful in deter- 
mining the degree of skin hypersensitivity and the 
variety of antigens to which the patient may have 
demonstrable serum rcagin, this tcchnlcjue is not 
adequate by itself for identifying the agent respon- 
sible for allergic symjHoms. Skin testing is only one 
aspect of the diagnostic methodology and must be 
weighed in relationship to information derived from 
history, physical examination, and a careful defini- 
tion of the environmental circumstances associated 
with development of symptoms of illness. 

Therapy. Specific Treatment. Elimination of the 
offending antigen from the patient’s environment b 
tlie most effective means of controlling allergic dis- 
ease. This is not always easy, even when the antlgm 
IS known. If it is detcrvnined tliat dander from 
dogs or cals is responsible, for example, then ani- 
mals should be avoided. ^Vhen feathers are found 
*■*0 bo responsible for allergic sy'mploms, a feather 


pillovv should be repl.iced by one of foam rubber 
Air filtration is often useful in controlling symptoms 
due to airborne pollens, but occasionally it may be 
necessary to advise the patient to live in a pollen- 
free area during the season of the year when h® 
experiences hay fever. Mechanical obstruction of 
the nasal airway, which may aggravate the sy mp. 
toms of rhinitis, should be corrected. Infection, if 
present, should be treated with an antibacterial 
drug capable of eradicadng the specific microorgan- 
ism, Alleviation of emotional disturbances by the 
use of drugs, correction of the environment, or psy- 
chiatric guidance occasionally will assist materially 
in alleviating the symptoms of allergy. 

Desensitizaiion. /ii/posenriri^ition, or tinmtiniza. 
tion with the antigens recognized as specifically re. 
sponsible for allergic respiratory^ disease is effec- 
tive Controlled studies of desensitization in pa. 
lients with hay fever due to ragweed pollen hav'c 
shown that approximately 80 per cent of patients 
are relieved of their symptoms, whereas about 23 
per cent of patients given placebo ore improved. 
The possible mechanisms involved in alleviation of 
the manifestations of allergy accompanying the in- 
jection of antigen for dcscnsilization were discussed 
before. 

Treatment by desensitization may be perennial, 
cose-asonal, or prescasona). Cuntmiicd therapy 
throughout the year probably is pieferable to dis. 
continuous treatment, but the dose of antigen in 
some patients must bo reduced considerably dur. 
Ing the season of tho year when the patient’s symp- 
toms are exjsected to occur. 

In some instances, the beneficial effects of desen- 
sitizalion may persist after the inoculations are dis- 
continued, but more often, the allergic symptoms 
recur. Recently, Uie beneficial effects of desensiti- 
zalion have been obtained by injection of antigen? 
in acf/a«anf containing minerai ail and an emuiff- 
ficr. One injection given prior to the season when 
symptoms will appear has produced results equiva- 
lent to descnsitization by repeated injection of tho 
aqueous extract. Ordinarily, 100 to 3.000 protein 
nitrogen units of ragweed pollen extract is incor- 
porated into the adjuvant for descnsitization Some 
individuals given such injections have developed 
sterile cysts at the site of inoculation. Although tlm 
metliod of desensitization holds great promise, it 
cannot yet be generally recommended. 

Bacterial vaccines have been employed in de- 
scnsitization of patients widi allergic rhinitis. The 
lack of evidence for bacterial liypersensilivity as a 
cause of allergic respiratory dtse.ase and the lack of 
conclusive evidence for the effectiveness of such 
treatment in. allergic rhinitis indicate that it can- 
not lie generally recommended 

Nompecipc frealmcni. If treatment of Iiay fever 
is begun when symptoms are present, only meas- 
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urcs to relic\'p manifestations of tlic disease should 
be employed. Furthermore, many patients can be 
relieved of tlieir complaints >vitli symptomatic 
remedies alone. The severitj’, recurrence, and re- 
fractoriness to s)Tnptomalic treatment of the iUncss 
will determine whether or not specific desensitizn- 
tion should be attempted. AtJtihisfamtncs such as 
Pyribcnzamine (50 mg), Benadryl (SO mg), 
Clilortrimeton (4 mg), and many others often arc 
effective in controDing hay fever. Repeated use, 
however, frequently is associated rWth a gradually 
decreasing effectiveness of the drugs, but wherr one 
fails another may be cffectK'e. In addition, they 
may produce drowsiness and reduce pli)’sical and 
mental dexterity in 10 per cent of patients depend- 
ing, of course, on dosage. Although very' useful 
therapeutic agents, therefore, they have certain 
features limiting their application. 

Adrenal cortical steroids giv'en orally arc extraor- 
dinarily effecli\‘e in relicsing the symptoms of most 
patients with allergic respiratory disease and were 
it not for their side effects could be generally rec- 
ommended as drugs of choice in hay fever. Never- 
theless, they can be used m the management of 
acute symptoms, and in some patients very small 
doses will completely suppress the symptoms dur- 
ing an entire season when administered daily. Hy- 
drocortisone in dosage of 25 to 100 mg each day 
is usuaDy quite effective. In addition, prednisone 
in a dosage of 5 to 20 mg and methylprcdnisone 
In a dosage of 4 to 12 mg %vil] scr\c equally as 
well as hydrocortisone in the treatment of hay 
fever. This form of therapy cannot be generally 
recommended. Adrenal steroids can cause a re- 
markable disappearance of nasal polyps when used 
in patients rvith rhinitis and hay fever. 

A variety of agents arc available for shrinking 
the nasal mucous membrane to relieve obstruction 
of the nasal airway in rliinitis. Aqueous Neosyne- 
phrinc OA OT per cent) is an effective nasal 
decongestant that can be useful in patients -very 
uncomfortable from hay fever or allergic Tbinitis 
until other remedies can correct the underlying dis- 
ease. Repeated use of the dnig, however, can cause 
reactive hyperemia of the nasal mucosa, further 
exaggerabhg tlie symptoms of rhinitis. Orally ad- 
ministered ephedrine (15 mg) or Propadrinc hy- 
drochloride may also be used to shrink nasal mu- 
cous membranes, but they’ have limited effective- 
ness. 

ASTHiU 

Definition. Asthma Is characterized by expfratoiy 
dyspnea, cough, overinflation of the lungs, cxpiia- 
tory wheezing, and rhonchi. It is attributed to par- 
ti.al bronchial ainv.ay obstniclion and often is caused 
by allergy to inhaled antigens. The symptoms frc- 
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quently arc episodic and may develop during par- 
ticular seasons of the year. Respiratory infection 
and other conditions occasionally' associated with 
partial bronchial airw'ay obstruction may produce 
symptoms indistinguishable from allergic asthma. 

Etiology. Asthma commonly is attributable to: 
(1) allergy to inhaled antigens, when symptoms 
may be seasonal or perennial; (2) respiratory' in- 
fection, when symptoms may' be intermittent or 
chronic; and (3) a combination of infection and 
allergy' to inhaled antigens, when symptoms may 
l»c seasonal, intermittent, and chronic. 

Airborne antigens such as plant pollen, animal 
d.inder, dust, molds, or fungi and other substances 
may be the cause of asthmatic sy'mptoms as well 
as hoy fever and allergic rhinitis In addition, tlic 
immunologic relationships probably are alike in 
bay feser and allergic asthma. 

Bronchial oi^^vay obstniction associated with 
asthma inwriably is generalized and may be pro- 
duced by accumulation of secretions in the bron- 
chia! lumina, edema of the bronchial mucosa, hy- 
pertrophy of the bronchial wall, contraction of 
bronclual smooth muscle, dilatation of the bron- 
chial and pulmonary blood vessels, or a combina- 
tion of these. In allergic asthma, it Is probable that 
mucosal edema, bronchial secretions, and broncho- 
spasm arc the principal mechanisms producing air- 
way obstruction. It is hkely that tire small bron- 
chioles initiate the reaction, although tlie entire 
respiratory mucosa may be involved. 

The bronchial lumina increase in diameter upon 
inspiration and become narrower upon expiration, 
tcsidting in airway obstruction most pronounced 
during exhalation and producing high-pitched 
wheezing or whistling sounds in the chest. Expira- 
tory' dyspnea requires the use of accessory muscles 
to deflate the lung, increasing the intrathoracic 
pressure. During inspiration, the negative intratho- 
racic pressure often is noticeable by retraction of 
the intercostal, suprasternal, and supraclavicular 
spaces. Tile expiratory airway’ obstruction in asthma 
leads to hv’pcrinflation or emphysema of the lungs. 
The emphysema accompanying episodic allergic 
aslluna, however, is reversible (see p. 1514). 

The precise mechanism producing dyspnea in 
asthma is not known, but this symptom probably 
results from several events, including a conscious 
recognition of obstruction to breathing, hyperinfla- 
tion of the lungs, changes in intrapleural pressure, 
and the increased work involved m respiration. A 
consequence of the airway obstruction is an in- 
crease in residual air in the lung, wath a corre- 
sponding decrease in breathing reserve. To main- 
tain air exchange additional effort is required, lead- 
ing to fatigue, which can further exaggerate dy’sp- 
nea. 

Orthopnea is a common feature of astlima but 
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undoubtedly is attributable to an entirely different 
mechanism than the orthopnea of cardiac failure. 
Elevation of the diaphragm while in the horizontal 
position reduces the respiratory reserve, making the 
asthmatic patient more dyspncic. The sitting pos- 
ture, leaning fonvard to reduce the intraabdominal 
pressure and to allow the viscera to move down- 
ward and forward, probably improves the breatliing 
reserve and the dyspnea. 

During the early and less severe stages of astlima 
there may be htjperpnca, in excess of that required 
for gas exchange, and the blood COj may fall be- 
low normal. ^Vhcn tlie disease is severe, and par- 
ticularly when protracted, however, there often is 
oxygen vinsaturation and increased CO. in live 
blood. Frcrpiently, in this stage, and possibly at- 
tributable to fatigue, the patient’s respiratory rate 
may be slowed, exaggerating tbe impaired venti- 
lation caused by airway obstruction. 

Anoxemia in asthma may lead to an increase in 
pulmonary vascular resistance and pulmonary Mood 
pressure. Little is known, how ever, of the vascular 
abnormalities that accompany asthma, altliough the 
development of right ventricular hypertrophy and 
heart failure may be Ulc complications of the dis- 
C.'lSO 

The physical properties of the hronchicl secre- 
tions undoubtedly influence the manifestations of 
asthma, but very little is knowm of the changes 
that may occur m sputum viscosity, elasticity, and 
stickiness The case vvith which sputum can be 
evacuated from the bronchi, however, obviously Is 
an important factor in the severity of ainvay ob- 
struction 

It has long been suspected that the oufonomic 
nervous system is incriminated m the pathogenesis 
of asthma The administration of acetylcholine, 
mecholyl, or cliohnesterase inhibitors will induce 
symptoms of partial airway obstruction wfu'cfi can 
be allevialetl by atropine. Tlicre is no clear evi- 
dence, however, indicating the importance of para- 
sympathetic activity, and atropine usually is of no 
value and may hav’e a deleterious effect in allergic 
asthma Diying of bronchial secretions following 
mlministration of atropine may decrease the fluidity 
of bronchial mucus, however, and be re^onsiblc 
for its ineffectiveness 

Similarly, hhlamlnt; has been incriminated in the 
pathogenesis of asthma, as administration of this 
drug can produce bnvnchoconstivction and expira- 
tory d)Spnea in man and experimental aninuh. 
This effect of histamine, however, can be nullified 
with antihistaminic drugs, whereas, these drugs 
have little effect upon asthma In nddibon, sero- 
tonin has been shown to produce asthma-Uke symp- 
toms, but its relation to allergic asthma has not 
been shown concliisivcK. 

ParasjTTip.alhomimelic drugs, histamine, and sero- 


tonin will induce expiratory dyspnea in patients 
xvitli a propensity to asthma, in doses ordinarily 
incapable of inducing such a reaction in normal per- 
sons. Tills increased reactivity in asthmatic patients 
is not confined to their response to drugs as they 
also may have an increase in bronchial airway re- 
sistance during respiratory infection and upon the 
inhalation of irritants, but this pecidiar responsive- 
ness is unexplained. 

Besides tile increased reactivity of the bronchial 
tree to drugs, inhaled irritants, and infection, it is 
clear that emotional dirturhanccs may exaggerate 
or precipitate asthma. Tlie mechanisms involved 
are not known, but may resemble those in animals 
MV which It has been possible to produce manifes- 
tations of anaphy1a.xis by stimuli, such as bell ring- 
ing, inducing a conditioned response. 

Manifestations. Expiratory wheezing, dyspnea, 
and cough, occurring spasmodically, are the char- 
acteristic features of asthma. These symptoms ate 
worse during effort, are exaggerated by anxiety 
which almost invariably accompanies each attack, 
and may be roost severe at night. During a pares. 
)sm there is orthopnea, and the patient is most 
comfortable in a sitting position with ihe trunk 
bent forward and the arms elevated to rest at shouK 
der level. Dyspnea is most pronounced, and wheez- 
ing and rhonchi are audible, during expiration. 
There is prolongation of the expiratory phase of 
respiration, and inspiration choTaeteristically » not 
so difficult as expiration. The wheezing and rhonchi 
arc heard throughout the chest in asthma, and 
localized wheezing is indicative of some other cause 
of bronchial obstruction (see p. 1552). 

Cough frequently becomes more severe during 
rccoveiy from an asthmatic attack, when sputum 
seems more liquid and is produced in larger quan. 
lilies Occasionally, cough is so severe ns to make 
the patient vomit. The sputum produced during 
paroxysm usually b white .and mucoid, containing 
no blood or pus. Occasionally, however, if cougli 
is severe or if the attack is protracted {status asth- 
maticus)^ the sputum may contain traces of blood 
Microscopic examination of the sputum may show 
large mimbcis of eosinophils and occasionally 
crystals (Curschm.ann's spirals). In addition, ns an 
asthmatic attack subsides, mucus casts of the 
bronchi or bronchioles may be seen in the sputum 
(Laenncc's perles). Purulent sputum is indicative 
of bronchial or pulmonary infection as a cause of 
tlie asthma or as a complication of allergic asthma 

Hay fever and urticaria sometimes precede de- 
velopment of asthma, or occur simultaneously, and 
suggest that the asthma is attributed to inhaled or 
ingested antigen and reagtmo or atopic allergy This 
type of asthma is observed most commonly in young 
persons and usually is seasonal (extrinsic asthma) 
Noiiscasonal osthma may also be attributed to al- 
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lergy lo inhaled antigens such as dust, feathers, 
animal dander and to ingested foods or drugs. 
Older persons, however, most often have nonsea- 
sonal asthma which characteristically is associated 
with respiratory infection such as sinusitis, bron- 
chitis, or pneumonia (intrinsic asthma), but may 
have symptoms more commonly in winter. Airborne 
or ingested antigens are not always associated with 
chronic asthma in adults, but may complicate the 
symptoms attributed to lecunent infection. Inhaled 
molds and fun^s spores have been related to 
asthma in young and old individuals, partiailarly 
when the person is e?cposed to a damp or wet en- 
vironment. 

During severe attacks, hypo.\ia may lead to cya- 
nosis, but rarely does this result in coma and death. 
Status asthmaticus, however, usually is accompa- 
nied by fatigue and exhaustion. In addition, if the 
patient does not drink, dehydration may develop, 
and failure to eat can further axaggerate the fatigue 
and exhaustion. Dehydration is associated with dry- 
ing of the bronchial mucus, and this can make the 
patient’s asthmatic symptoms more severe. 

There is no fever unless asthma is caused by or 
associated with infection. After a prolonged attack 
the patient may complain of soreness in the chest 
or abdomen as well as tiredness, but othenvise 
there usually ore no systemic manifestations of the 
disease. Examination of blood often Shan’s eosino- 
philia but no leukocytosis, and the urine is normal. 

Spontaneous pneumothorax and mediastinal em- 
physema rarely are complications of an asthmatic 
attack. Ordinarily, asthma does not aifect cardiac 
function unless protracted or accompanied by ir- 
reversible emphysema, when cor pulmonale may de- 
velop. Usually, episodic asthma is benign and d oes 
not result^in^deatH.lPatlenis may b^^ppled by 
their disease, however, because of intractable or 
frequently occurring paroxysms. With these quali- 
fications, the prognosis is good. 

Diagnosis. A history of allergic disease in the 
family, seasonal attacks of nasal or bronchia] ^mp- 
toms, and manifestations such as urticaria or hay 
fever are helpful in recognition of allergic astlmia. 
Furthermore, asthma occurring during porUcular 
seasons or under certain environmental circum- 
stances facilitates detection of the offending anti- 
gen. 

As previously mentioned, localized wheezing in 
the lungs is not a manifestation of asthma but is 
indicative of endobronchial disease, such as foreign 
body aspiration, neoplasm, or stenosis. In contrast 
to these conditions, the lungs are usually nonnal 
between paroxj-sms of uncomplicated asthma Gen- 
eralized wheezing predominantly occurs during ex~ 
piration, whereas in bronchiectasis, acute pulmo- 
nary edema, nr pneumonia there arc inspiratory 
rales as well. Of course, asthma complicated by 
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pneumonia may be associated ivith signs of paren- 
chyma! lung disease. The presence of inspiratory 
moist rales, bloody sputum, and cardiomegaly in 
acute pulmonary edema or " cardiac asthma” usu - 
ally enables its differentiation from parox)'smal 
asthma. 

Asthma occasionally is a presenting manifesta- 
tion of polyarteritis nodosa (p. 1889), Drug reac- 
tion, particularly with aspirin, is an occasional cause 
of severe asthma in patients with respirator)’ allergy 
attributed to other causes. Loefiler’s allergic pneu- 
monitis, occasionally due to parasitic infestation of 
the lungs, is often accompanied by asthma (p. 
1556). 

Poisoning with cholinergic drugs or insecticides 
may induce bronchoconstriction and expiratoi)’ 
dyspnea which can be specifically reliei’ed with 
atropine. Carcinoid tumors elaborating serotonin 
may be associated \nth asthma. In addition, trau- 
matic cerebral disease may result in asthmatic 
symptoms. There are evamples of outbreaks of 
asthma in a large population or in individuals ex- 
posed to irritants in polluted air. Furtheiroore, silo- 
filler’s disease and farmer's lung disease may be 
associated with asthma attributed to inhalation of 
nitrogen dioxide or microorganisms ivhich cause 
inflammation in the bronchial tree (pp. 1532 and 
1533). 

Skin tests used for the diagnosis of asthma are 
no different from those used for the diagnosis of 
hay fever and were described previously. There are 
no specific laboratory tests that will define the al- 
lergic etiology, but measurements of pulmonar)' 
function will demonstrate the presence of increased 
airway resistance. The finding of increased num- 
bers of eosinophils in sputum and blood, however, 
occasionally will suggest an allergic cause of 
asthma. 

Therapy. Specific Treatment, Elimination of the 
offending antigen from the patient's environment 
is the most successful means of preventing and 
treating allergic asthma, as in hay fever. Similarly, 
mechanical obstruction of the tracheobronchial tree 
should be corrected, and infection of the sinuses 
should be treated. 

Specific desensitization or h)posensitization of 
the patient with asthma due to inhaled antigens 
can be done as in hay feier but may be less effec- 
tive, and improvement usually does not persist 
when desensitization is discontinued. 

The frequent occurrence of bronchial infection 
in adults with nonseasonal or chronic asthma neces- 
sitates special consideration. The pneumococcus 
and Hemophilus influenzae are the microorganisms 
most often isolated from the bronchi and sputum 
of patients mth asthmatic or chronic bronchitis, 
and exacerhations of s)'mptoms with cough anti 
dyspnea may be assodated wlUi an increase in 



J^CC SEC. J REACTIONS TO ANTIGENS AND FOREIGN SUBSTANCES 


number of these bacteria. Treatment of these pa- 
tients with tetracycline (0.5 to 1.0 Gm per day) 
continuously, during ^vintc^ months or upon tiie 
appearance of increasing sjTnptoms, will decrease 
significantly tiie se\-erity and frequency of exacer- 
bations of their symptoms. Such treatment fre- 
quently is associated with a decrease in number 
of pneumococci and hemophili in sputum. Un- 
toward consequences of this treatment in these 
paUents are rare. 

Chronic asthma with or without bronchitis may 
be complicated by acute infection by pneumococci, 
Klebsiella pneumoniae, or staphylococci, and when 
these infections appear they should be treated spe- 
cifically with an appropriate antibiotic. 

Non»pect/?c Treatment. Treatment of acute 
asthma is most effective when begun soon after 
onset of the paroxysm Prompt relief can usually 
be achieved by subcutaneous injection of epine- 
phrine, 0.2 to 1 0 ml of a 1:1,000 solution, repealed 
as needed, but no oftener than every 30 min It 
is advisable to administer n sedative, such as phe- 
nobarbilal, 60 to 00 mg, with cpincphiine to allay 
agitation and to relieve the anxiety accompanying 
an attack of asthma. Epinephrine may become in- 
effective after repeated use It may be used in oil, 
1.0 ml of a 1.100 solution and injected intramus* 
cularly for prolonged effect, and may be vaporiicd 
0 $ a 1.100 aqueous solution for inhalation. Nebu- 
lized epinephrine analogues can be administered 
by the patient, but, if used repeatedly, irritate the 
respiratory mucosa. Aminophylline is an active 
bronchodilator which is beneficial in tlie person 
refractory to the action of epinephrine. It may be 
used occasionally in preference to, or in addition 
to, epinephrine, and may be given intravenously, 
rectally, or orally m decreasing order of effective- 
ness. The dosage is 0.25 to 0 5 Gm. When given 
intravenously, tlie drug must be given slowly. Rec- 
tal administration as a suppository or in w.tlcr or 
oil IS effective If the patient is cyanotic, oxygen 
may be given but should be used intermittently, 
particularly if chronic diffuse lung disease is pres- 
ent. Ether administered rectally or as a general 
anesthetic occasionally may be successful in halt- 
ing a severe attack of asthma. Adrenal cortical ster- 
oids may be given in severe or intractable parox- 
ysms m the same dosage as described for bay fever, 
but are not ahvaj's effective. Continuous adminis- 
tration of adrenal cortical steroids to the patient 
with chronic asthma or asthmatic bronchitis has 
been shown to be an effective and safe means of 
preventing patients from becoming crippled by this 
disease. This treatment has been continued for sev- 
eral jc.ars without serious side effects or complica- 
tions. In Eicl, patients witli severe asthma and in- 
icetion have fewer episodes of infection whde re- 


ceiving adrenal steroids continuously. Steroid dos- 
age may be increased if exacerbations occur while 
the patient is receiving the drug continuously. 

If an asthmatic episode is unresponsive to the 
use of epinephrine and aminophylline, or recurs 
promptly, it may be advisable to give an intrave- 
nous infusion of 1 liter of 5 per cent glucose con- 
taining 0.25 to 0 5 Gm aminophylline. Morphine 
should never be given to the patient with acute 
asthma, but Demerol, 50 to 100 mg, is useful as 
a sedative and antispasmodic. Hydration should be 
maintained to prevent inspissatlon of bronchial 
mucus. 

Frophylactic management of the asthmatic pa- 
tient involves the use of drugs with which the 
patient can abort paroxysms and institution of 
measures directed to improve general health. Oral 
ephcdrinc (25 to 50 mg) and phenobarbital (30 
to CO mg) are commonly used to abort an asthmatic 
attack, but this combination is less effective in man- 
agement of a fully developed astlimatic paroxysm 
Aminophylline (0 25 to 0 5 Cm) may be added 
to Uie combination of ephedrine and phenobarbital 
During a period of time when the patient is most 
likely to develop asthma, ephedrine, phenobarbital, 
and aminophylline (APE) may be given three or 
four times a day. 

Smoking is undesirable in asthmatics, as arc 
obesity, excessive exertion, fatigue, and dietary In* 
disci etion. 

ALLERGIC SKIN DISEASE 

Tlicre arc many dermatologic manifestations of 
allergic reactions, including urticaria, angiocdema, 
contact dermatitis, erythematous rashes, eczematous 
eruptions, and otheis. These lesions, when attrib- 
utable to immunologic processes, are divisible mto 
those rel.xt«3 to delayed hypersensitivity and to 
immediate hypersensitivity, as discussed previously 
Urticaria, angioedema, and many erythematous le- 
sions usually are attnbutable to immediate hyper- 
sensitivity reactions, whereas contact dermatitis 
and possibly many instances of eczematous derma- 
titis are attributable to delayed hypersensitivity 
rc.'ictions. Histopathologic examination of allergic 
sldn lesions genemlly reveals findings which may 
differentiate reactions associated with immethate 
or delayed hypersensitivity Vasculitis, edema, and 
polymorphonuclear or eosinophilic cellular response 
are most characteristic of urticaria and erythema- 
tous lesions, whereas mononuclear cells predomi- 
nate m lesions such as contact dermatitis 

At times an antigen may induce and elicit both 
immediate and delayed hypersensitivity, and upon 
contact, ingestion, or injection of the antigen the 
allergic person may experience urticaria and ecrem- 
atous dermatitis. 
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Urticaria, angioedema, contact dennaHtis, and 
erythematous rashes are the principal forms of al- 
lergic reactions in ^vhich the skin may be the major 
or only site of involvement, hlany other t)fp« of 
skin lesions, however, are attributable to systemic 
allergic disease, as illustrated by those seerr during 
drug reactions. Erythema nodosum, erythema mul- 
tilonne and its variants, exfoliation, bullae, pur- 
pura, “fixed” drug eruptions, photosensitivity, ne- 
crosis, and other types of skin lesions are seen in 
which an allergic reaction has been found or is 
thought to be responsible. Petechiae, erythema no- 
dosum, erythema multiforme, and urticaria are ob- 
served in patients with infection and have been 
related to hypersensitivity reactions to microbial 
antigens. Certain types of supposed systemic im- 
munologic disease such as systemic lupus ery- 
thematosus, dermatomyositis, rheumatic fever, and 
scleroderma also are characterized by sldn lesions 
thought to be allergic. These special Irpes of sys- 
temic disease associated with probable allergic sUn 
reactions are discussed separately elsewhere. 

Contact Dermatitis. See p. 1926. 

Urticaria. Urticaria (hives) is characterized by 
white or red evanescent wheals, papules, or macules 
that are usually sunounded by erythema and are 
pruritic. They may be localized or generalized, but 
commonly appear in areas of skin co\ ered by cloth- 
ing. Urticaria also may occur in mucous membranes 
such as stomach and mouth, and frequently is ac- 
companied by eosinophib'a. Immediate hypersen- 
sitivity is the principal immunologic mechanism 
responsible for urticaria, as illustrated by the fre- 
quent occurrence of hives in serum sickness. In 
addidon, urticaria often occurs in combination with 
hay fever and allergic asthma. Emotional tension, 
increased heal, and physical exercise may exagger- 
ate the urticarial reaction. 

Urticaria can be induced by histamine and ace- 
tylcholine, and there is good evidence indicating 
that liberation of histamine during an allergic re- 
action is responsible for hives. 

Urticaria may occur from ingestion, inhalation, 
injection, or contact with the offending antigen by 
the allergic person. Foods and drugs frequently are 
responsible, but hives also have been related to a 
great variety of inhalants and contaclants, such as 
pollen, dander, dust, feathers, and wool. The re- 
sponsible antigen may be detected as in other al- 
lergic diseases by a historical dissection of the oc- 
casions when symptoms occur, by skin test, or by 
elimination diets. 

Many instances of urticaria are chronic and can- 
not be related to a recognizable antigen. Occasion- 
ally parasitic infestation, such as trichinosis and 
echinococcosis, or bacterial infection can be asso- 
ciated with hives, but more often the cause of 


dironic urticaria will remain undetermined. Chronic 
idiopathic urticaria has been attributed to nervous 
totsion or neurosis, and this may explain some cases 
but other causes should be examined. A relation- 
ship has been shown occasionally between thvToid 
and other endocrine disorders and urticaria, but 
tliis association remains somewhat vague. 

If a specific cause of urticaria is detected, it 
should be corrected or the antigen eliminated from 
the patient's environment. Acute sj’mptoms usually 
can be reh’eved with antihistamine drugs, but oc- 
casionally adrenal cortical steroids may be needed. 
Intramuscular epinephrine (0.2 to 1.0 ml of a 
1:1,000 aqueous solution) can provide prompt re- 
lief of symptoms in most instances. Chronic urti- 
caria of undetermined cause ordinarily is quite re- 
fractory to treatment, and many of these patients 
may require psychiatric assistance. Prolonged use 
of adrenal cortical steroids in chronic urticaria is 
undesirable. 

Angioedema is characterized by edema of the 
eyelids, lips, external genitalia, and the mucous 
membranes of the mouth, tongue, or gastrointesti- 
nal tract. The swellings may be localized to one 
area or may be diffuse, and commonly are accom- 
panied by urticaria elsewhere, NVhen the respira- 
tory tract is involved the patient may have laryngeal 
edema with hoarseness, stridor, cyanosis, and, 
rarely, death. 

GeneraUy, angioedema is attributed to allergy to 
foods, and sheUfish very commonly are incrimi- 
nated. In addition, the reaction may occur from 
the many antigens responsible for urticaria. A rare 
form of angioedema is familial. 

The treatment of angioedema is the same as for 
urticaria. If respiratory tract obstruction occurs, 
tracheotomy may prove lifesaving. 
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SERUM SICKNESS AND 
RELATED DISORDERS 
lean L. Bennett, /r. 

Definition. Serum sicl^ness is a s)Stcmic illness 
which occurs in certain susceptible indiriduals os 
a reaction to the administration of foreign senrm 
or scrum products Common manifestations are fe- 
ver, skin eruptions, l)mphadenopathy, edema, and 
arthralgias. An indistinguishable clinical picture 
can result from drug hypersensitivity; indeed the 
syndrome is now caused more frequently by dnigs 
than by scrum products. 

Etiology and Pathogenesis. Serum sickness was 
first recognized when the use of immune horse 
serum for prophylaxis and therapy of diphtheria 
became widespread. \Vith advances in ehemothcr- 
apy, scrum is used less and less frequently, being 
limited for the most part to diphtheria, tetanus, gas 
gangrene, envenenation by reptiles, and rabies. For 
reasons not entirely clear, transfusion of blood Is 
occasionally followed by serum sickness. W'hde 
“raw" or v, hole serum is more likely to elicit a re- 
action, purified fractions are also capable of pro- 
ducing illness The incidence and se\enty of serum 
sickness increase with dosage of (he antigen. 

The development of seaim sickness is depend- 
ent upon an antigcn-sntibody reaction An individ- 
ual given an Initial injection of senim wdl dcr'clop 
antibody within about 1 week and, presumably, 
the reaction (precipitation) of antibody and the 
remaining antigen leads to the illness. Tlie onset 
of symptoms coincides with the appearance of anti- 
body, chsappearance of circulating antigen, and a 
sharp fall m serum complement. An individual pre- 
viously exposed to an antigen develops antil^y 
sooner (anamnestic or booster response) and ill- 
ness is earlier in onset Depending upon the degree 
of prior sensitization, a severe reaction may occur 
within minutes or hours. 

Apparent relapses or recurrences of serum sick- 
ness .are not unusual. When it is remembered lh.xl 
scrum IS not a single antigenic substance, it is clear 
tliat such a course results from a series of reactions 
to different antigenic components of tlic injected 
material. 

The questions of the mode of injury to lissiie, 
the release of histamine, serotonin, acelyltdiolmc, 
etc., by antigen-antibody union are discussed on p. 
1258 The chcitation of illness by nonprotein drugs 
undoubtedly iinolves immunologic mechanisms 
also. Tliese arc discussed on p. 1270. 

Pathology. Serum sickness is rarely fatal How- 
ever, examination of tissues of patients dying of 
other causes during or shortly after an episode of 
serum sickness often shows lesions indistinguishable 

m those of pol)'arteritis nodosa. Similar lesions 


are readily produced in rabbits by injection of for- 
eign protein. This experimental finding is one of 
the several factors that liave led to the idea that 
bypeisensilivity may be important in the etiolog)' 
of polyarterib's nodosa, rheumatic fei’er, sjstemic 
lupus erythematosus, and other diseases character- 
izetl by vascular damage. 

Manifestations. After an incubation period of 4 
to 10 days (it may be much shorter in sensitized 
individuals or can be as long as 21 days in others) 
there is die onset of pruritus followed shortly bj 
rash. The rash may be any form of erythematous, 
morbilliform, or petechial eruption, but by far the 
commonest is urb'earia. Often, the skin lesions ap- 
pear at the local site of injection of the serum 
several hours before the rash becomes generalized. 
Lymphadenopathtj, most prominent in the area 
draining the injection site, is usual as is edema of 
the face, lips, eyelids, or, rarely, the glottis. There 
ate fecer, myolgfo, mild or severe ortlirBlgins, head- 
adie. nausea, and vomiting. Other manifestations 
include abdominal pain, diarrhea, and cardiac ar- 
rhythmias. 

The most disabling complications of serum sick- 
ness are neurologic disorders which occur in a 
minority of cases. The usual syndrome observed is 
a unilateral mononeuritis involving die shoulder 
girdle or arm wiUi weakness and sensory deficit. 
IsoLited facial palsy occurs and, occasionally, there 
may be extensive po))Tieuritis or meningoencepha- 
bUs, but diese arc rare. 

Laboratory rindings. There is usually a mild 
peripheral pol)’moTphcmuclear leuko^osis, and the 
bone marrow shows on increase in plasma cells 
Eosmophilia is not a feature of classical serum sick- 
ness, but it occasionally accompanies the drug-m- 
duced s)'ndrome. The urine may contain protein, 
casts, and erythrocytes. Electrocardiograms some- 
times show transient conduction defects Slight 
pleocytosis in the cerebrospinal fluid is frequent 
even in the absence of demonstrable neurologic 
dysfunction. 

Course. Serum sickness is a benign, self-limited 
disease which subsides within 1 to 3 weeks In 
pabents with neuropatliy, residual weakness ma)’ 
requite several weeks to abate, but complete res- 
toration of function is the rule. Rare deaths from 
edema of the glottis are recorded, but a fatal out- 
come is more often a result of the intercurrent dis- 
ease of the patient. 

Treatment. Urticaria usually responds to small 
doses of epinephrine and can be controlled vvitli 
cjihedrine and antihistaminics. Local application of 
calamine is pcnnissiblc but usually unnecessary 
Contrary to early st.ntcmcnts, joint pains arc usu- 
ally tehcvcd promptly by aspirin or other salicyl- 
ates. 

For severely ill and uncomfortable patients, nd- 
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renal steroids oiler prompt relief, and the great 
efficacy of these compounds has led to their in- 
creasing use for symptomatic relief. They need to 
be given for only 4 to 7 da)S in most patients. 

Tracheostomy is sometimes needed for sudden 
respiratory obstruction by edema, and equipment 
for this procedure should be at hand during the 
early stages of the disease. Adrenal steroids relieve 
incipient obstruction promptly. 

In patients who have developed serum sickness 
as a result of prophylactic administration of tetanus 
or diphtheria antiserum, active immunization with 
toxoid should be initiated before release from medi- 
cal care to avoid later recurrence of the same 
problem. 

Anaphylaxis. Occasional patients given an injec- 
tion of scrum, of skin-test antigen, or a drug will 
become profoundly ill and may collapse and die 
within minutes. There is often asthmatic wheezing 
and cyanosis at the onset of illness. This type of 
severe reaction closely resembles and, very prob- 
ably, is the human counterpart of anaphylactic 
shock in lower animals. Because it can occur in 
individuals with no prior history of hypersensitivity 
and because fatalities have followed the injection 
of liny amounts of serum for the purpose of deter- 
mining a patients state of sensitization, prevention 
Is a very* difficult matter. Perhaps the most impor- 
tant step in reducing the incidence of Uiis tragic 
disorder is for the physician to remember that no 
serum product or drug should be given to any pa- 
tient without clear indications. While most severe 
reactions occur after parenteral administration of 
the antigen or drug, fatalities have also been re- 
ported after oral ingestion. 

Treatment consists of the intravenous or intra- 
cardiac administration of epinephrine and vigorous 
support of respiration and circulation. Adrenal ster- 
oids can be given parenterally but arc no substi- 
tute for vasopressors, positive pressure oxygen, etc. 
When the injection site permits, a tourniquet may 
be applied to slow absorption. 

Arthus Reaction. When experimental animals are 
sensitized to foreign serum or otlier proteins, rein- 
jection of antigen into the skin often elicib tran- 
sient erythema and edema, similar to a "positive" 
skin test in man. If animals are highly sensitive or 
if the dose of antigen is large, the skin lesion may 
progress to hemorrhage and necrosis with eventual 
ulceration and scarring. Tliis iiteversible tissue dam- 
age after local application of antigen in a scn5iliv*c 
animal is the classic Arthus phcftomcnon. Rarely, 
a similar type of hemorrhagic necrosis occurs at 
sites of injection of serum or dnigs in man. These 
Arllms-like reactions arc unusual, however, and arc 
{.ir outmunbered by inflammations at injection sites 
.ittrihut.ilile III the intrinsic irritating properties of 
a drug, to hemorrhage in patients with hemophilia. 
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tUtomboc^'topenia. or drug-induced coagulation de- 
ferts, or to secondary pyogenic infection. Until 
these disorders have been ruled out, an Arthus 
reaction should not be invoked as tlie cause of tis- 
sue damage at the point of inoculation. 

Stiivartzman Reaction. Appropriately limed in- 
tradermal injections of bacterial endofotins (see p. 
925) or endotoxins in combination with various 
other substances can elicit in rabbit skin a type of 
hemorrhagic necrosis that resembles the Arthus re- 
action. However, this so-called Shwartzman reac- 
tion is independent of antigen-antibody union. The 
mecliantsm of the reaction is not clear, but it is 
not, in the immunologic sense, an allergic or hyper- 
sensitivity phenomenon although it is sometimes er- 
roneously so classiGcd. Numerous attempts have 
been made to demonstrate the importance of this 
reaction in the pathogenesis of human diseases m- 
cludtng peptic ulcer, acute pancreatitis, and focal 
reactions in tuberculosis, but it rem.i{ns, for the 
most part, a dramatic laboratory phenomenon. The 
confluent purpura of meningococccmia comes clos- 
est to being a human counterpart of the Shwartz- 
man reaction. 
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REACTIONS TO DRUGS 

Leighton E. Cluff 

Tlie increase in allergj' to drugs parallels Uie 
growing use of pharmaceutic agents in the manage- 
ment of disease. W’ith the continual introduction of 
new drugs, this problem can be expected to become 
even TOore serious. 

Definition. Classification of a drug reaction is 
not always easy, but undesired responses to ihcra- 
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pcutic agents have certain specific features which 
facilitate their characterization. Nearly all drugs 
can elicit pharmacologic effects other than those 
for which they are administered, and when these 
appear they are referred to as side effects or to\ic 
effects. Some patients exhibit unusual susceptibility 
to the pharmacologic actions of a drug and are 
said to have an fdiosi/ncrojy. In addition, reactions 
not explained by the pharmacologic properties of 
a drug and, therefore, indicative of altered reac- 
tivity of the patient are termed allergic. Side effects, 
as a rule, arc intensified by increasing dosage or 
cumulative action, and readministration is not asso- 
ciated with increased reactivity of the patient. For 
csample, nausea, hyperpnea, and tinnitus in ft per- 
sotv given large doses of aspirin are side effects, and 
reduction in dosage will usually alleviate the situa- 
tion. The occasional patient who displavs these 
sjTnptoms after taVing a small amount of aspirin 
has an idiosyncrasy to tlic drug. However, if inges- 
tion of aspirin is followed by bronchial asthma or 
urticaria, reactions not explainable by the drug's 
pharmacologic action, the patient is allergic to it 
This type of reaction is likely to be assoebted with 
symptoms commonly ascribed to hy’perscnsitlvi^ 
(rash, astluna, pruritus, arthritis, fever, leukopenia, 
etc.), frequently recurs promptly on rcadministra* 
tion of the drug, and is not closely dependent on 
dosage or cumubtive action. 

The chnicnl importance of differentiating side 
effects, idiosyncrasy, and allergy relates, of course, 
to the hazard of rcadmmistration of a drug or its 
probable safety in lower dosage. 

Etiology. Allergy to drugs may be attributed to 
immediate or delayed hypersensitivity reactions. 
Most pharmacologic agents, hovv'cvcr, are incapable 
of initiating an immunologic response by them- 
selves, and it is thought that the actual antigen is 
a conjugate of the drug or its derivatives w illi scnim 
or tissue proteins Under such circumstances, the 
drug would act as a hapten, nonantigcnic by itself, 
but conferring antigenic specificity to the protein, 
and cap.ible of combining with the antibody or 
reacting with cells of the sensitized person in re- 
sponse to the drug protein conjugate. Many drugs 
arc bound by body proteins, and there is experi- 
mental evidence that the ability of chemical com- 
pounds to elicit allergic contact dermatitis can be 
correlated with their affinity for sulflivdryl con- 
taining proteins of skin. Practically all orvi^ bind 
to scrum protein, p.articularly albumin, following 
absorption, but there is little to suggest that such 
protcin-tlrug conjugates are important in drug al- 
lergy. Other tissue proteins also may bind drugs, 
but those specifically responsible for rendering a 
chemical antigenic arc not known. Furthermore, 
the administered ilnig may be of less importance in 
inducing an immunologic response than its degrada- 


tion products. For example, recent observations 
show that penicillenic aud and penicilloic acid, 
degradation products of penicillin, may be responsi- 
ble for most instances of penicillin allergy. 

Scrum antibody has been demonstrated in some 
persons with drug allergy involving cellular ele- 
ments of blood, such as in agranulocytosis, hemo- 
lytic anemia, and thrombocytopenia. In other types 
of drug hypersensitivity, however, the usual tech- 
niques for demonstrating antibody ordinarily )icld 
negative findings. Precipitation, hemagglutination, 
or complement fixation tests widi a patient’s scrum 
may be negativ’e, and direct intraderma! or p.issivc 
trnnsfer tests of the Prausnitz-Kusfner t)pe are 
often unrevealing. In addition, demonstration of 
agglutination by serum of erythrocytes sensitized 
With a drug such as pcnicdlin may fail to differen- 
tiate the allergic from the nonallergic individual 
These results, however, are more indicative of the 
inadequacy of present methods of testing than an 
argument against an immunologic basis for hyper- 
sensitiv'ity to drugs. The lack of consistently effec- 
tive testing methods, of course, is a great handicap 
to clinical investigations of drug reactions. 

Most types of allergic reactions to dnigs do not 
appear to be familial; however, it has been sug- 
gested that anaphylaxis may occur more commonly 
in persons with other allergic disease such as hay 
fever, asdima, or urticaria. Certain types of under- 
lying disease, however, may possibly predispose to 
the development of drug allergy. For example, pa* 
tients with systemic lupus erythematosus probably 
experience more drug allergic reactions than do 
norma! individuals Similarly, patients with severe 
infection such as pneumonia and septicemia have 
allergic reactions to drugs more commonly than 
persons with less intense infection such as latent or 
primary syphilis Furthermore, the patient acquir- 
ing an allergic reaction to one drug often will 
develop at the same time allergic reactions to otlier 
drugs he is receiving, but the manifestadons of tlio 
reactions may differ. 

Manifestations. The commonest manifestations of 
allergy to drugs are no different from hypersensi- 
tivity reactions of other types, and include rashes, 
asthma, and the symptoms of serum sickness (see 
Tabic 234-1). These are easily recognized clinically 
as ftllergic in origin Other features of drug allergy 
are sometimes Jess easily' characterized, however. 
The tabulation (see Table 23i-l) of common 
drugs and reactions which they may elicit includes 
some effects that may not be allergic at all A few 
examples of allergic drug reactions vvill illustrate 
the variations seen with different pharmacologic 
agents. 

Siin. Morbilliform, urticarial, and maculopapular 
rashes arc the most common skin reactions, but 
many others are observed, including vesicular, bul- 
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lous, exfoliative, eczematous, and purpuric erup- 
tions. pruritus is frequent. Although the type of 
shin lesion usually will not aid in identifying the 
causative drug, there are certain skin reactions 
which are somewhat specific. Erythema multiforme 
or nodosum is particularly seen in allergy to Dilan- 
tin, bromides, iodides, trimethadione, and sulfona- 
mides. “Fixed” drug eruptions are most frequently 
due to amidopyrine, phcnolphthalein, or Atahrine. 
Photosensib'zation during drug therapy occurs char- 
acteristically with chlorpromazine, phenolhlazine, 
sulfonamides, and tetracycline derivatives. 

Fever. Fever may be an isolated manifestation of 
drug allergy, and at least 35 phaimaceuticals in 
common use can produce a febrile reaction, in- 
cluding most antibiotics and chemotherapeutic 
agents. However, the tetracycline derivatives are 
uncommon causes of drug fever, and digitalis has 
rarely, if ever, been incriminated as the cause of a 
pyrogenic reaction. Elevation of temperature can 
appear abruptly after initiation of treatment or de- 
velop in a stepwise fashion during or after the 
second week of drug administration. Drug fever is 
often associated with chills and constitutional symp- 
toms and can be accompanied by leukocytosis. Dis- 
continuance of therapy usually results in deferves- 
cence within a very few hours, although several 
days may be lequiied for retuin of temperature to 
normal 

Blood. Changes in the formed elements of the 
blood are rather common during drug allergy and 
may have no specificity. Some drugs have been 
found to have limited or no eiTccts on the blood, 
while others produce specific abnormalities. For 
example, penicillin has never been incriminated as 
a cause of serious hematologic abnormalities. In 
therapeutic doses, acctanilid is probably not a cause 
of anemia, agranulocytosis, thrombocytopenia, or 
aplastic anemia; in high dosage, however, it may 
produce leukocytosis, methemoglobinemia, and 
acute hemolysis. Methemoglobinemia also occurs 
with antipyrine, nitrites, sulfonamides, primaquine, 
and pamaquine, but tliis reaction is probably not 
allergic in ongin. Barbiturates, salicylates, and 
p.araaminosa]icylic acid rarely, if ever, produce 
agranulocytosis. Eosinophilia can accompany al- 
lergic reactions of many types, but occurs with such 
frequency as an isolated finding during therapy with 
streptomycin or nirvanol that it has no significance 
in these instances. Lymphocytosis is common in pa- 
tients receiving Dilantin and nir\’anol, but poly- 
morphonuclear leukocytosis may be found in in- 
dividuals taking Dilantin or atropine. Recent studies 
of the erythrocyte abnormality responsible for the 
acute hemolytic anemi.! induced by primaquine, 
sulfonamides, and nitrofurans in certain individuals 
indicates that uhat was thought to be drug aUcigy 
is actually a genetically determined icliosyncra^ 
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(see p. 1291). Jaundice and acquired hemolytic 
anemia due to pharmaceutic agents are discussed 
elsewhere (p. 1289). 

Nervous Stjstem. A variety of neurologic mani- 
festations may appear during drug therapy, but in 
the majority of instances there is little evidence to 
incriminate allergy as a cause. The commonest 
reaction, by far, is delirium, seen particularly with 
digitalis, atropine, thiocyanates, and sedathes. 
Other drugs which produce adverse effects upon 
the nervous system (ranging from paresthesias and 
peripheral neuritis to deafness) are streptomycin, 
hydralazine, chlorpromazine, Diamox, isoniazid, 
polymyxin, and neomycin. 

Others. Nausea, uomhfng, and diarrhea are ex- 
ceedingly common drug reactions. In addition, ab- 
dominal pain in the absence of other symptoms may 
be produced by quinidine, chlorpromazine, and 
primaquine. Albuminuria and ctjlindruria occur 
particularly with heavy metals, bacitracin, and 
polymyxin. Dilantin, chloral hydrate, sulfonamides, 
trimethadione, Phenurone, colchicine, and thiocy- 
anate occasionally produce renal dysfunction, prob- 
ably by direct toxic action. Hypersensitivity to 
sulfonamides has resulted in acute hemorrhagic 
nephritis. 

Histologic lesions indistinguishable from those of 
polyarteritis nodosa have been found in the tissues 
of patients who have experienced allergic reactions 
to iodides, Dilantin, sulfonamides, and penicillin. 
Manifestations of systemic lupus eiythematosus 
have appeared during therapy with gold or hydral- 
azine. 

Anaphylaxis may follow the parenteral adminis- 
tration of a variety of drugs, but the agent most 
seriously incriminated at present is penicillin. De- 
velopment of anaphylaxis has been reported alter 
oral ingestion of tiie drug, but this is exceedingly 
rare. 

The incidence of drug allergy is not high and is 
particularly related to the fretpicncy with which a 
pharmacologic agent is used clinically. For this 
reason, probably, these reactions are now often 
observed with antibiotics. However, the incidence 
of allergic reaction also vanes with the agent, and 
with some drugs may be as high as 10 per cent. 

Treatment and Prophylaxis. Allergic reactions to 
drugs usually subside promptly when tlie agent is 
discontinued. For reasons that .are not understood, 
however, the reaction occasionally persists for pro- 
longed periods in spite of withdrawal, recurrent 
urticaria (or many months after a penicillin reac- 
tion is a common example. The management of 
scrum sickness is described elsewhere. In the event 
of persistent or severe m.inifestations of drug al- 
lergy, the use of adrenocortical steroids is indicated. 
Adrenal steroids, antihistamines, and epinephrine 
are usually incflectii’e in alleviating reactions due 
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lo iclios}'ncras)' or side effects of a drug. Reactions 
of tins tj'pe are best managed by administration of 
other drugs witli appropriate pharmacologic actions, 
i.e., sedatives for ctcitabilitj', stimulants for depres- 
sion, etc., and by withdrawal of the offending dnig. 

Although it is not possible to predict the occitr- 
icncc of drug allcrg)* in a patient, the fact that 
hjpcrsensitivily to drugs may be commoner in in- 
dividuals with other allergic reactions makes it 
reasonable to inquire about this before initiation of 
treatment with any agent. A specific bisloiy of hy- 
persensitivity to a given dnig contraindicates its 
readministration unless the chnic.al situation is seri- 
ous. In a number of instances where It has been 
judged necessar)' to prescribe a drug to which a 
patient is known to be allergic (e.g., penicillin for 
baclcnal endocarditis), the concomitant adminis- 
tration of adrenal steroids has completely sup- 
pressed the manifestations of hyperscnsibvity. 


Although it is commonly said that sensitivity to a 
drug will subside if its administration is continued, 
this is not a regular occurrence and should not be 
acceptw! as a basis for further therapy with the 
incriminated agent. 
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Section 1: The Hematopoietic System 


INTRODUCTION 

M. M. Wintrobe 

The hematopoietic system includes the drculat- 
ing blood, the bone marrow, the spleen, and the 
lymph nodes, supplemented by the reticuloendo- 
thelial cells scattered about the body. The iK’er, 
through the presence there of reticuloendothelial 
cells, as well as by reason of other functions, is also 
intimately concerned in blood formation and de- 
struction. Since the function of the red corpuscles 
is to hold in nondiffusible form the pigment, hemo- 
globin, essential for the transport of oxygen, any 
alteration in the quantity of red corpuscles or in 
their hemoglobin content affects the function of 
all the organs of the body. An important function of 
the leukocytes is to take part in the reaction to 
Injury, particularly in the defense against infection. 
The blood platelets are concerned in maintaining 
tlie integrity of the vascular endothelium and in 
the clotting of blood. The blood plasma, which 
carries these three types of corpuscles, is also the 
medium for the transport of many substances con- 
cerned in the metabolism of the organism. 

Since the blood and its constituents are so inti- 
mately related to the body as a whole, much will 
be found concerning the blood in various chapters 
in this book and particularly in those in Part Two 
In regard to the red blood corpuscles, attention 
should be called especially to Chap. 23 (Pallor and 
Anemia) , where the synthesis and the destruction of 
hemoglobin and tlie classiiication, pathogenesis, and 
management of anemia are considered, as well as 
the symptomatology and methods of study of a 
patient with anemia. The platelets, the phenomenon 
of coagulation, and the various ways in which bleed- 
ing is produced receive attention in Chap. 24 
(Bleeding). 

In the present section, disorders of the hemato- 
poietic system will he considered. It is evident that 
such disorders make themselves knoivn in a variety 
of ways. These may be such that discovering their 
cause may tax the acumen of even the most dis- 
cerning physician. In the main, however, they arc 
characterized in part or whole by symptoms and 
signs such as pallor, cyanosis, jaundice, bleeding, 
or enlargement of the lymph nodes or spleen. A 
thorough understanding of these manifestations of 
disease is a prerequisite to the correct differentiation 
as well as the effective treatment of the disorders of 
the hematopoietic system. 


The approach to the patient suspected of having 
a hematopoietic disorder is discussed, therefore, in 
Part Two under headings such as PalkH" and 
Anemia, Bleeding, and Enlargement of J-ymph 
Nodes and Spleen. Although, in the subsequent 
pages, descriptions of the various recognized dis- 
orders of the hematopoietic system will be found 
and their treatment discussed, it is urged that the 
reader confronted with a problem, for example, of 
anemia, first study Chap. 23, because he wJl find 
there a discussion of anemias in general and he will 
thereby make his way more readily through the 
pages that follow or, for that matter, through other 
sections in this textbook. The same is true, in prin- 
ciple, if the problem is one of bleeding or ^mph 
node enlargement or splenomegaly. 


THE ANEMIAS 

M. M. Wintrobe 

POSTHEMORRHAGIC ANEMU 
Anemia resulting from blood loss may have de- 
veloped suddenly because of the mpid losS of a 
large quantity of blood, or it may have come about 
very gradually over a period of many months or 
even years. Obviously there are abo many pOiA’hJtt 
variations between these two extremes. The causes 
of posthemonhagic anemia are numerous and the 
manifestations differ widely, the latter depending 
in part on the nature of the underlying disorder 
and in part on the quantity and speed of the blood 
loss. It is convenient to consider acute and chronic 
posthemorrhagic anemias separately because iheir 
manifestations and, in certain respects, their treat- 
ment differ so greatly. It should be realized, how- 
ever, that these two sjTidromes represent two ex- 
tremes depending, in the main, on the same under- 
ly-ing defect, and that in practice variations u'ill be 
encountered which represent all stages between 
these extremes. 

Acute Post/icniorr/iogic Anemia 

Etiology. Trauma, tlie rupture of a peptic ulcer or 
an ectopic pregnancy, and bleeding in connection 
with hemophilia or purpum hemorrlmgica are ex- 
amples of tlie widely varied possible causes of acute 
bloM loss. They indicate that the blood loss may be 
1277 
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external and recognizable al once, or internal and, 
consequently, sometimes not readily discos'ered. 

S>mptomatoIogy. Tlie rapid loss of blood leads 
to reduction in blood volume, and the clinical mani- 
festations are mainly circulatory. If the blood loss 
is great, “acute posthemorrhagic shock” develops 
(see Chap. 13). If the hemorrhage is visible to 
the patient, whether the amount of blood lost is 
great or small, symptoms may arise from the 
ps)-chic eHetl of such bleeding. Generally speaking, 
sjTOptoms are likely to appear sooner and are more 
pronounced in relation to the amount of blood lost 
vi’hen the bleeding is external than when it is not 
recognizable by the patient. The manifestations of 
anemia in general have been discussed already (p. 
207). In addition, the symptoms of the undetfying 
disorder may be present as well. 

Blood Picture. PoljTnorphonuclear leukoc)'tosis 
with the appearance of immature forms ("shift to 
the left") is the first disccnuble change. An increase 
m platelets often takes place as well The anemia 
may not be apparent at once since, at first, plasnui 
is lost as well as red corpuscles, so that the ratio of 
cells to plasma remains the same As fluid is drawn 
from the tissues to restore the blood volume, ane- 
mia liccomes apparent This is normocj'tic at first. 
Blood loss in an otherw-isc healthy organism, how- 
ever. profoundly stimulates the bone marrow. This 
becomes hyperplastic, and immature corpuscles are 
liberated in larger numbers than usual Rcticulocy- 
tosis ensues, polychromatophilia is found, and even 
nucleated red corpuscles find their way into the 
blood At this stage the anemia may be m-acrocytic 
since llie immature cells are larger than the older 
forms. Belieulocytcs begm to appear wnthin 48 hr 
following a brisk hemorrh.ige and may continue to 
increase for several more days. A persistent reticulo- 
cytosis, forming a plateaulike curve, suggests that 
bleeding is continuing, for cessation of hemoahage 
is marked by quick restoration of phjsiologic bj- 
ance with rapid regression of the signs of stimulated 
hematopoiesis. If the iron stores of the body arc 
good and the blood loss has not been extreme, iron 
ilcficiency docs not occur and hypocliromia is sfi^t 
or absent. Wicn tlie drain on iron is greater than 
can lie readily replenished, iron deficiency begins. 

Wicn the acute hemorrhage is internal, destruc- 
tion of the blood and absorption of the products 
may lead to an increased excretion of urobilinogen 
m Uic urine and stools, and, rarely, even slight 
bilirubinemia may be found. Bowel hemorrhage is 
often associated witli an increase in tlie blood urea 
nitrogen level. 

Diagnosis. ^V'hen acute hemonhage is not evi- 
dent, such signs as pallor, faintness, restlessness, 
sweating, and palpitation should lead to a search 
lor bemorrliage. If the subject is recumlicnt. much 
blood ma\ be lost licforc these signs appear. They 


can be brought out by tilting the patient to the 
erect position. Late signs of acute blood loss are 
air hunger, thirst, and a falling blood pressure. 

Prognosis. The amount and rapidity of the blood 
loss, the acuteness of the physician in discovering 
it, the availabili^ of blood for transfusion, and the 
accessibility of the site of bleeding are the important 
considerations. 

Treatment. Stopping of the hemorrhage and 
restoration of the blood volume to normal, pref- 
erably by transfusions of whole blood, otherwise by 
administration of plasma or other fluids, are the 
essentials. Speed m restoration of blood v’olume is 
more important than whether plasma or whole 
blood is used If the blood loss has been great and 
the blood volume is profoundly reduced, multiple 
portals should be used for administration of blood, 
and ev'cn intraarterial administration may be ad- 
visable. Fluids by mouth (unless the bleeding is 
from the upper portion of the alimentary tract) and 
by hypodermoclysis are valuable adjuncts, as are 
rest and quiet, induced by morphine if necessary. 
Followdog the acute pliase, a good diet containing 
meat, fruit, and vegetables affords the proteins and 
vitamins needed for er)thropoiests. Iron can be 
given in the form of ferrous sulfate (0 2 to 0 4 Gtn 
1 1 d ) but is not needed in previously normal in- 
dividuals unless blood loss has been great. 

Chronic Posthemorrhagic Anemia 

This refers to that state in which blood loss has 
produced a chronic anemia, and a deficiency of 
substances necessary for blood formation has de- 
veloped Although the factors essential for eryth- 
ropoiesis arc many, the chief deficiency resulting 
from chronic blood loss is that of iron. The mani- 
festations of chronic posthemorrhagic anemia can 
therefore be discussed in the section which follows. 


IRON-DEFICIENCy ANEMIA ( Hypochromic 
Microc>tic Anemia^ Idiopathic, Chronic, or Nutri- 
tional Hypochromic Anemia; Chlorosis, Chlorotic 
Anemia, Chloranemia) 

Etiology. Iron is normally obtained by digestion 
of food and is absorbed chiefly in the upper portion 
of the gastrointestinal tract This is aided by the 
acid secretion of the stomach. The absorbed iron 
Is utilized for hemoglobin formation, as w’ell as for 
the production of myoglobin and other enzjmes. 
Normally a large reserve is stored in the liver, 
spleen, and other tissues. The total iron store in man 
which Is available for blood formation has been 
estimated to amoimt to 1-2 or 1.5 Cm. Once ab- 
sorbed, iron is conserved tenaciously. The amount 
lost per day by the normal adult male has been 
estimated as approximately 1 mg. 



THE HEMATOPOIETIC SYSTEM 

Any circitmsfance wliich leads to a greater de- 
mand on the iron stores of the body than can be 
suppUed results in iron dcficienc}’. In logical order, 
the possible factors leading to iron deficiency are 
(1) insufficient iron in the diet, (2) impaired ab- 
sorption, (3) increased requirements, and (4) loss 
of blood. Of these, the chronic loss of blood 
hemorrhage is by far the most common factor in 
the development of iron deficiency. Excessive men- 
struation and occult bleeding from the gastroin- 
testinal tract (pepUc ulcer, esophageal varices, 
hookworm infection, etc.) are the roost common 
t)'pes of bleeding which may result in iron defi- 
ciency’, since the former is but an exaggeration of a 
physiologic process and may thus receive little at- 
tention, while the latter may pass unnoticed for a 
long time. 

Impaired absorption of iron is rarely an important 
factor in the development of iron deficiency, even 
though various influences fa\'Or or inhibit the availa- 
bility and absorption of iron. Thus, a high level of 
calcium in the diet diminishes the fonnation of 
insoluble iron phosphates and favors absorption of 
iron, but excess calcium inhibits iron assimilation. 
Ascorbic acid favors iron assimilation, probably by 
promoting the reduction of ferric iron in food to 
the ferrous form. Although tlie gastric hydrochloric 
acid favors ionization and thus absorption, many 
persons arc encountered in whom achlorhydria has 
existed for years without iron deficiency developing. 
Chronic diarrhea, however, is of more Importance. 
Certainly iron deficiency may be encountered in 
spnie. 

Deficiency of iron in the diet alone is rarely a 
cause of iron deficiency except in infants receiving 
a milk diet exclusively, and occasionally in elderly 
people who, although they have had no blood loss 
for many years, have depleted their stores by con- 
suming a diet very low in iron. 

In children and adolescents the iron needs for 
growth are very important, and it is largely because 
of the demands made by the ever-expanding blood 
volume that infants rccew'ing an unsupplemcnted 
diet of milk develop iron deficiency. In older chil- 
dren and adolescents, poverty or faulty habits may 
contribute to the mounting deficiency by causing 
consumption of a diet too low in iron to supply the 
needs. In girls, the menstrual loss of blood ac- 
centuates this deficiency. Normal menstruation re- 
sults in an average loss of 0.5 to 1.0 mg iron per 
day. Chlorosis, the “green sickness” of the last 
century and before, was probably no more than 
iron deficiency in adolescent girls in whom low 
dietary iron was insufficient to meet the needs. In 
adult w'omen the iron requirements during preg- 
nancy and iactafion are factors which may lead to 
the development of iron-deficiency anemia. Preg- 
nancy results in a net deficit of iron of approxi- 
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mately 1 mg per day, lactation about 0.5 mg per 
day. Often these circumstances are superimposed 
on a state of gradually increasing iron depletion 
which may have had its beginning in adolescence. 
The ultimate combined effect of chronic loss of 
blood, increased demands, and faulty diet may not 
become clearly manifest until thirty to forty-fiie 
years of age, tne period in which the chronic hypo- 
chromic anemia of women is most often seen, it is 
of interest that in such individuals certain constitu- 
tional features similar to those encountered in per- 
nicious anemia may be observed, such as early 
graying of the hair and achlorhydria. 

Since so little iron is excreted normally, iron 
dcfidency develops in the adult male only from 
loss of blood or, rarely, from dietary deficiency or 
impaired absorption which has existed over a period 
of many years. In the male, ulcerative lesions in 
the gastrointestinal tract are by far the most likely 
causes of Jong-continued, undetected loss of blood. 

Symptomatology, The symptoms are those com- 
mon to all chronic anemias and may include a 
variety of vague gastrointestinal complaints, such 
as anorexia, capricious appetite, or heartburn and, 
more rarely, sore tongue, sore mouth, and dysphagia 
(Plummei-Vmson S)'ndioroe )5 or palpitation, dysp- 
nea, and edema about the ankles; or neuralgic pains, 
vasomotor disturbances, or numbness and bnghng. 
Menstrual disturbances are common— menorrhagia, 
irregularity of flow, or even phases of amenorrhea 

A tired, lifeless appearance: pallor; inelastic and 
often diy and wrinkled skin, sometimes with a 
brownish hue; dry and often scanty hair; and blue 
scleras are found in cases of long standing. In many, 
some de^ee of papillary atrophy of the longue, 
slight cardiac enlargement, functional systolic mur- 
murs, and a palpable spleen are discernible. When 
the deficiency is severe, the rads may be flattened, 
longitudinally ridged, or even concave (koilo- 
nychia), and may break easily. The sore tongue, 
dysphagia, and changes in the hair, nails, and skin 
may occur in iron deficiency prior to the develop- 
ment of anemia. 

Blood Picture. A good blood smear will reveal 
thin, pale red corpuscles poorly filled w’ith hemo- 
globin. In some cases these may be mere rings. 
Tmy mfcrocy'tes, “target-Uke” cells, elliptic cells, 
and bizarre poikilocytes are also found, as well as 
a ccitaiu proportion of normally filled corpuscles. 
The anemia is hypochromic and microcytic. 
Only in this type of anemia is a substantially 
reduced mean corpuscular hemoglobin concentra- 
tion (MCHC) encountered (less ^.an 30 per cent). 
This hypochromia is more significant than the 
inicroc)^osis, although the latter may be extreme 
(mean corpuscular volume 55 to 75 cu;*). The 
red coqjuscle count may be normal or nearly so, or 
even greater than normal, while the hemoglobin 
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and volume of packed red corpuscles are greatly 
reduced. The leukocyte count is normal or slightly 
reduced, and a slight thrombocytopenia may ^ust. 

The bone marroto is hyperplastic and contains an 
excessive number of normoblasts. 

Diagnosis. The S)Tnptotns are naturally varied, 
since iron deficiency may result from a large variety 
of causes. When iron depiction is only moderate in 
degree, the changes in the blood may not be strik- 
ing. In more advanced cases, adequate examination 
of the blood should make it dear that hypochromic 
microcytic anemia exists. This type of anemia is 
most often due to lack of iron. Experimentally a 
similar anemia is observed in copper and in pyri* 
dosne deficiency, but in man such deficiendes are 
exceedingly rare, if they occur at all. Metabolic 
disorders involving these substances have been de- 
scribed, however. Thus, there is a syndrome in 
infants and young children in which low serum 
copper values and hypoproteinemia accompany a 
hypochromic microcytic anemia which responds to 
iron therapy. Again, a refractory, microcytic hypo- 
chromic anemia accompanied by hyperferremia 
and, in a few instances, by splenomegaly and hepa- 
tomegaly has been obscrs'ca in eight cases which 
responded to the administration of pyridoxino In 
large quantities. Other instances of refractory hy- 
pochromic microcytic anemia have been desenbed. 
such as “hereditary, sex-lmked (?) anemia," which 
may be related to the pyTidoxtne-responsIve type, 
but these are all exceedingly rare. The only form 
of hypochromic microcytic anemia which is not ex- 
tremely rare and which may be mistaken for that 
due to iron deficiency is thalassemia (p. 1301). 
Consequently, the discos ery of hypochromic micro- 
cytic anemia usually calls for a search for causes of 
iron deficiency and, in p.'iiticular, requires a tlior- 
ougb search for sources of blood loss. 

Frognosfs. This is cxceffent in so far as the pos- 
sibility of relieving the anemia is concerned. The 
prognosis otherwise depends on the character of 
the contnbutory causes. 

Treatment. Only in iron-deficiency anemia Is Iron 
therapy of value. Here the administnition of ferrous 
sulfate or ferrotis gluconate Is followed by a reticu- 
locyte response, and subsequently rapid red cor- 
puscle regeneration occurs. Gastric irritation is less 
likely to occur if tablets of 0.2 Gm are taken on a 
full stomach. To allow the patient to become ac- 
customed to it, at first a total of 0.4 Cm is given 
per day, but this may be increased to 1 Gm. In 
addition to iron tlierapy, a good diet containing 
meat, fruit, and wgetables is to be recommended, 
and any underlying or associ.itcd disorder should 
l>e corrected. Transfusion of blood is rarely if ever 
needed, even in the most anemic patient, and free 
hydrochloric acid is not required even if achlorhy- 
dria is present Failure to respond to oral iron ther- 
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apy, ncccssititing intravenous administration, has 
b«n describd! but is exceedingly rare. 


ItUCROCmC ANEMIAS 

Elucidation of the pathogenesis of pernicious 
anemia, even though still incomplete, has made it 
dear that there are a number of closely related 
disorders which have in common a characteristic: 
t)pe of anemia, megaloblastic hyperplasia of the 
bone marrow’, and the capacity to respond to Iher 
therapy, yeast, pteroylglutamic acid, vitamin B 15 , 
or related substances. These conditions, the megalo- 
blastic macroc\jtic anemias, must be differentiated 
from those instances of macrocytosis which repre- 
sent Increases in mean corpuscular volume from 
other causes, usually from the presence in the cir- 
culation of a relatively large number of immature 
red corpuscles appearing in response to such hema- 
topoiebe stimulants as severe hemorrhage or acute 
blood destruction (Table 235-1). In this second 
type of macrocytic anemia the bone marrow is not 
megaloblasUc and Lver, vitamin Bu, or folic acid 
therapy has no value. The clinical differentiation is 
usually easy. 

Pernicious Anemia (Addisonian Pernicious 
Anemia, Addison’s or Biermcr's Anemia, 

Primary Anemia) 

Definition. Pernicious anemia is a chronic dis- 
order characterized by macrocytic anemia, megalo- 
blastic hyqserplasia of the hone marrow, gastric 
achlorhydria, and often glossitis and changes m the 
nervous system. This disorder appears to be the 
consequence of a permanent gastric secretory de- 
fect associated with atrophy which results in a de- 
ficiency in the body of a substance derived from 
food, ilie deficiency can be corrected by supplying 
a substance present in certain liver extracts which 
appears to be identical with vit-amin Bu 

History. Although tlie disorder was desenbed at 
least as early as 1823 by Combe, it was the picture 
given by Hiomas Addison in 1855 and the compre- 
hensive description fay Bicimer in 1872 which drew 
attention to this ultimately fatal (therefore "per- 
nicious”) anemia. The discover)' of the value of 
IKcr therapy by Minot and Murphy in 1926 and 
the elucidation of the role of the stomach in the 
pathogenesis of the disorder by Castle in 1929 
completely changed tlie prognosis of the condition 
and profoundly stimulated hematologic research m 
general. 

Etiology. This disorder is veiy rare in persons 
under the age of thirty and is encountered much 
more frequently in hght-haircd, blue-eyed individ- 
uals Uian in the darker races or in Onentab. It is 
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Table 2S5-I. classification of machocvtic akeuias 

I. Megaloblastic macrocytic anemias 

A. Conditions rcsiwnding to administration of both 
v-itamin Bif (liver extract) and folic acid 

Condition Probable patbogenceis 

1. Pernicious anemia* Deficiency of gastric 

intrinsic factor 

2. Total gastrectomy Itcmoval of i^urre of 

intrin«ic factor 

3. Nutritional macro- Dietary deficiency 

cytic anemia 

4. Sprue, idiopalliic Impaired absorption 

steatorrlica 

5. itesection of small Impaired absorption 

intestine 

6. Intestinal Strictures Diversion of xdtamin 

and anastomoses Bn and folic acid 

from host 

7. Fish tapeworm Diversion of xatamin 

anemia Bn and foiic acid 

from host 

B. Conditions responding only, or usually, to folic 
ncid, rather than to vitamin Dx 

8. Megaloblastic Metabolic disturb- 

anemia of pregnancy ance? Inoreafcd re- 
quirements? 

0. Megaloblastic Deficiency of folic 

anemia of infancy acid and ascorliic 

acid 

10. "Achrestic" anemia Metabolic disturb- 

ftod "refractory once? Complex or 

tncgaloblastie" unusual deficien- 

oncmia cies? 

11. Anticonvulsant Metabolic 

drugs antagonists 

12. Amethoptcrin or Metabolic 

GMP therapy antagonists 

13. Unusually vigorous Increased demands, 

erylhropoiesU low stores 

II. Nonmcgaloblastic macrocytic anemias 

A. Acute posthemorrhagic Presence in blood of 

anemia many immature 

erythrocytes 

li. Hemolytic anemia Presence in blood of 

many immature 
erythrocytes 

C. Aplastic anemia Unknown 

D. Hypothyroidism Unknown 

E. Liver disease Unknown 

•Pernicious anemia is distinguished from the other 
conditions listed in that achlorhydria is always present 
and neurologic changes may occur. 

N.B In practice, the most common cause of what 
appears to be macrocytic anemia is laboratory error, 
most often in red corpuscle counting. 

seen especially in nahves of the British Isles, the 
Scandinavian countries, and other more northern 
regions, as well as in their offspring in other parts 
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of the world. Nevertheless, although less common, 
pernicious anemia is seen in Negroes. 

A familial incidence is not unusual. Those af- 
fected often have turned gray prematurely, and 
they may have broad faces and large, bony frames. 
Males and females are affected about equally. 

That a gastric secretory defect is a fundamental 
factor in llie pathogenesis of pernicious anemia was 
suspected almost as early as the disease was recog- 
nized. It was shown later that absence of hydro- 
chloric acid in the gastric secretion and a greatly 
reduced total gastric secretion (achjlia) precede 
the dex'elopment of the anemia by many years. It 
has also been shoum that such achylia is a defect 
which persists in spite of successful antianemic 
therapy. Castle demonstrated that the significant 
abnormality in gastric secretion is not lack of hy- 
drochloric acid but absence of an “intrinsic factor” 
which normally acts upon an “extrinsic factor” de- 
rived from food. The material so produced was 
regarded as leading to the formation of a substance 
stored in the liver without which normal hemato- 
poiesis cannot take place. The gastric factor is 
thcrmolabilc. It seems to be contained in or ad- 
sorbed to the glandular mucoprotcin of the stom- 
ach. T!\c thermostable food factor is present in 
meal, eggs, cereals, and other natural sources of the 
vitamin-B complex and is also present in liver 
Desiccated hog^s stomach given orally has the same 
hematopoietic effect in pernicious anemia as liver, 
and its effectiveness was assumed to be due to the 
interaction of the intrinsic and extrinsic factors in 
gastric tissue. 

The discovery of vitamin Bm (cyanocobalamin), 
a red pigment containing cobalt, and the demon- 
stration of its therapeutic effectiveness in pernicious 
anemia on parenteral administration in amounts as 
small as 1 pg have clarified some of the puzzling 
aspects of the pathogenesis of this disease. Vitamin 
B ,2 Is also active orally if given in very large 
amounts (100 to 150 /ig), but its hematopoietic 
effectiveness is greatly increased by normal human 
gastric juice. Vitamin B 12 is apparently the extrinsic 
factor as xvell as the liver factor or “antipemicious- 
anemia principle.” The role of the gastric or in- 
trinsic factor is simply to promote the absorption 
of vitamin B 12 from the alimentary tract, possibly 
by binding with vitamin Bj 2 and, in turn, being 
bound by receptors in the intestinal wall. Because 
of the absence of intrinsic factor in patients with 
pernicious anemia, the absorption of vitamin Bjo 
is impaired and the effects of deficiency ultimately 
develop 

The vitamin pteroylglutamic acid (folic acid) 
has been shown to produce a hematopoietic re- 
sponse in pernicious anemia when given orally or 
parcnterally. It is neither Castle’s intrinsic factor 
nor the extrinsic factor. In nature it is found in 
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conjugated form, as the heptaghitamate (yeast) or 
as triglutamale. An obserx’ation of great practical 
importance is that whereas the administration of 
liver extract or vitamin Bjs prevents the dex'clop- 
ment or advancement of Uic neural manifestations 
of pernicious anemia, these may appear in spile of 
fohe acid therapy. 

The metabolic functions of vitamin Bja and folic 
acid are, in the main, closely related but they are 
by no means fully understood. They are both con- 
cerned in the metabolic reactions which involve 
one-carbon fragments and thereby are important in 
the biosynthesis of purines, pjTimidines, and cer- 
tain amino acids. Vitamin B^ is also involv’cd in 
the incorporation of amino acids in protein and 
influences folic add metabolism in several ways. 
Tlie close metabolic relaUonship of the two sub- 
stances appears to be the reason why a defidency 
of either or both results in a number of abnormali- 
ties, of which megaloblastic bone marrow Is the 
most readily recognized. Reasons have been offered 
for the progress of the neural changes observed in 
some patients with pernicious anemia receiving 
folic acid therapy, but none has found adequate 
support. 

The red corpuscles of patients with untreated 
pernicious anemia appear to have a shortened stir- 
vival time. Thus the bihrubmcmia and urobilino- 
genuria so characteristic of pernicious anemia uxiuld 
seem to be manifestations of a more rapid blood 
destruction, which may be the consequence of im- 
perfect construction of the red corpuscles resulting 
from a deficiency of building materials. That this 
IS not the sole explanation of the disturbance in 
pigment metabolism in pemidous anemia, howescr, 
15 suggested by the observation Uiat 40 per cent 
or more of labeled stool uiobihn in pernicious ane- 
mia is not derii-cd from circulating red corpuscles. 
Some of the pigment apparently comes from heme 
or hcmalin which has not been used for hemoglobin 
symthesis. 

Pathology. The significant findings arc in the 
alimentary tract, the bone marrow, and the nervous 
system. The tongue usually appears smooth and the 
papillae may be absent. Atrophy of the mucous 
membrane may be striking in the tongue and In 
the stomach The changes in the stomach have been 
observed particularly in tlie fundic zone, where the 
parietal and cliicf cells arc usually absent. 

Appropriate staining reveals the liver as well as 
the spleen and kidneys to be abnormally laden 
with iron. In the Iner this is found m the pcnpliery 
of the lobules and in the KupiTcr cells. There may 
also be fatty degeneration in the central cells of 
tlie lobules of the liver. The heavy deposit of iron 
IS the consequence of the fault in red corpuscle for- 
mation which leads to tlie development of anemia; 
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when active blood regeneration follows therapy, the 
iron is used in blood formation. 

TIic bone marrow is red and is found to be 
crowded with cells. Cells of the red scries make up 
30 to SO per cent, rather than about 20 per cent 
of the cells of the marrow. The degree of hyper- 
plasia and the degree of immaturity of the cells are 
roughly proportional to the severity of the anemia. 
The nucleated red corpuscles ("megaloblasts”) dif- 
fer from those found in other types of anemia in 
several respects. They arc exceptionally large and, 
more significantly, the nuclear chromatin is fine and 
siev'ehkc, unlike the relatively coarse and “lumpy” 
material seen in normoblasts. The cy'toplasm of 
lliese cells may be polychromatophilic or ortho- 
chromatic, and in a few is basophilic. Many abnor- 
mal mitotic figures may be present At the same 
time, extraordinarily large leukocytes may be found 
in the marrow; in particular, large metamyelocytes 
can be seen with bizarre-shaped nuclei and pecul- 
iarly staining or vacuolated cytoplasm. Megakaryo- 
cytes may be reduced In number and may be mor- 
phologically abnormal. In spite of the evidence of 
cellular activity, hematopoiesis is inefficient and 
anemia develops. 

In the nervous system, degenerative changes may 
be found m the dorsal and lateral tracts of the cord, 
in the dorsal root ganglions, and in the peripheral 
nerves. Myelin degeneration and loss of nerve fibers 
occur. More rarely, changes arc encountered in the 
brain. 

Symptomatology. The onset of the disease Is 
generally insidious. In many instances at least two 
of the diagnostic triad of symptoms are encoun- 
tered; namely, weakness, sore tongue, and numb- 
ness and tingling in the extremities, flowever, ether 
complaints may overshadow these, and the present- 
ing clinical picture may suggest some disorder of 
the digestive tract because of anorexia, diarrhea, 
and various otlier gastrointestinal symptoms; it may 
simulate cardiac dysfunction of the anginal or the 
congestive faUure type; or one may be led to search 
for some malignant neoplasm or an obscure infec- 
tion. In some instances the neural involvement is 
so pronounced that n primary neurologic disease is 
considered Even renal or genitourinary disease or 
a mental disorder may be simulated. 

Tlie degree of soreness of the tongue varies 
greatly and tlie involvement may be complete or 
patidiy. The tongue may be “beefy” red when the 
symptoms are pronounced and is less red and 
smooth when they subside. Tlie gastrointestinal 
symptoms vary greatly. Howev'cr, one consistently 
found in relapse is anorexia. Symptoms referable 
to the circulatory system include dyspnea, palpita- 
tion, sensations of extra beats, vvcalmess, vertigo, 
tinnitus, and precordial pain. Since pernicious one- 
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mia often appears for the first time in the older age 
groups, it may be difiicult to determine to what 
extent anemia or the degenerative changes of dd 
age have contributed to the development of heart 
faOure. 

Pallor; a fiabby rather than wasted appearance; 
a slight or pronounced yellowish color of the skin 
together with faint icterus of the scleras; a tongue 
which is often glazed in appearance and sometimes 
is red and sore; a rapid pulse with slight cardiac 
enlargement and often precordial hemic murmurs; 
in many, a spleen which is just palpable; and often 
a slightly enlarged Ii\er are the chief findings out- 
side the nervous s)'Stem. In die nervous system, 
loss of vibratory sense in the lower extremities (not 
necessarily sjTnmetric), incoordination of the lower 
extremities, loss of finer coordination of the fingers, 
signs suggestive of lateral as well as posterior spinal 
cord involvement, and evidence of peripheral nerve 
degeneration are the most common findings and 
may be present in all degrees from slight or none 
to extensive in\’olvement PosiUve Babinski re- 
sponse, positive Romberg’s sign, disturbed position 
sense, spasticity, increased or diminished reflexes, 
and sphincter disturbances may be encountered. 
Minor mental disturbances (irritability, memory 
disturbances, mild depression) or more serious 
mental symptoms may develop. 

Laboratory Findings. Blood. The anemia is usu- 
ally more severe than the complaints and physical 
examination would lead one to suspect. In the blood 
smear, macrocytes, often oval in shape, are char- 
acteristically seen (Fig. 235-1), but there is ac- 
tually a great range in the size of the cells, and in 
addition, many bizarre-shaped corpuscles are found 
(poikilocytosis). Since the abnormally large cells 
predominate, the mean corpuscular volume is found 
to be greater than normal and ranges between 100 
and 160 fL (Fig. 233-2). There is a corresponding 
increase in the hemoglobin content of the red cor- 
puscles (mean corpuscular hemoglobin), so that 
the concentration of hemoglobin in the corpuscles 
(mean corpuscular hemoglobin concentration) is 
normal. The red corpuscles in pernicious anemia 
and in other macrocytic anemias are not "hyper- 
chromic,” but, being tliicker as well as larger in 
diameter than normal corpuscles, they appear to 
be supersaturated ^vith hemoglobin, as one looks 
at them through a microscope. Some degree of 
diffuse polychromatophilia as well as bast^hilic 
stippling is found, and occasional nucleated red 
corpuscles may be encountered. The most sinking 
clianges, described in classic cases, are obsersed 
only uhen the anemia is very’ se'ere. Since the 
anemia is macrocytic, the red corpuscle count is 
reiluccd more lh.an proportionately as compared 
the hemoglobin or Uic \oIumc of packed red 



Fia 235-1. Drawing of a blood smear from a case of 
pernicious anemia in relapse. From a preparation stained 
with Wright's and magnified X9Q0. Note the extreme 
variation in the size and sh.ipe of the red corpuscles, the 
brge polychromatophllic red corpuscle (a), the cells 
containing nuclear remnants and HowclI-JoUy bodies 
(b, c) and a Cabot ting (c), (he granular red cor- 
puscle (d), and the multisegmentcd polymorphonuclear 
leukocyte. (Wintrobet “Clinical Hematology,” 5th ed., 
Thiladelf^tia, Leo ir Fehlger, 1961.) 

corpuscles. Reticulocytes are usually within normal 
limits in untreated patients or, at most, do not nm 
higher than 3 or 4 per cent. 

The leukocyte count is usually lower than normal, 
chiefly because of a granulocytopenia. Thus, there 
is relative lymphocytosis. The polymorphonuclear 
neutrophilic leukocytes often show an unusual num- 
ber of segments and may be exceptionally large. 
An occasional myelocyte is present in many cases. 
Sometimes some degree of eosinophilia is encoun- 
tered. The platelets are generally reduced in num- 
ber, sometimes to levels below 100,000 per cu mm, 
and bizarre forms, including giant platelets, may be 
found. When there is thrombocyiopenia, the bleed- 
ing lime may be prolonged, the blood clot retracts 
poorly, and purpura may dev’clop. 

The resistance of the red corpuscles to hypotonic 
saline solutions is not significantly altered. The ic- 
terus index usually ranges between 8 and 15; some- 
times it is as higli as 20 or 25. The average plasma 
bUirubin content is 1 mg per 100 ml but often is 
higher, and the van den Bergh reaction is "indi- 
rect” 

Other Laboratory Findin^t. WiUi extremely rare 
exceptions, there is, in cases of pernicious anemia. 




Ttc 233-2. Variations in jnean %T)liinie of rcti cwpusclos 
compared witii icUculocjlc count In three cases of 
pernicious anemia. The mean corpuscular ^olinnc (CV) 
and the red cell count (RCC) are represented as pet- 
ccnlngcs of llicir respccti>c average normal values. Uy 
thU method the red cell count and mvan corpuscular 
tnltimc of a hj-potlielic normal indisidiul uould fall on 
the line at ICO per cent. HcUculocjIcs are recorded 
direcll). Tlic abscissa records number of days following 
the commencement of liscr iberapy. (U'infrofcc: Rela- 
tion of Varwliont in Mean Corpuscular Volume to R'um- 
ffcr of Pctlculocijiet fn rernlciout Anemia, J. Clin. 
Inicit, ISieCO. 1934.) 

persistent failure to secrete hydrocbloiic acid in tlic 
stomach cfcn follou Ing the injection of histamine, 
rurthennore, in the great majority of eases, the 
cnz)Tncs are dcGcicnt as well, and only a small 
amount of mucus re\urds the gastric extraction. 

In adthtton to the bdinihincmia, already men- 
tioned, the urobilinogen content of tiic urine and 
stools is increased. Detailed examinations reveal 
many other evidences of metabolic disturbance in- 
volxing, especially, protein and uric acid as well as 
fat mctaliolism 

Diagnosis. When the combination of the classic 
symptoms — weakness, sore tongue, and numbness 
and tingling — together with macrocytic anemia and 
oclilorhydna is found, there need be no xliIHcuIty 
m diagnosis Confusion may arise if the symptoms 
hare led one to suspect some other condition and 
the blood examination has not been appropriate to 
demonstrate the c.xtslcnee of a macrocytic anemia. 
Confusion may also arise s\hen symptoms referable 
to the ncrxoiis system are prominent and anemia is 
only moderate or slight in degree. For all praclicnl 
purposes, since athlothytlria is so characteristic a 
feature of pernicious anemia, o diagnosis of per- 
nicious anemia should nexcr be made xvilliout dem- 
onstrating a failure to secrete hydrochloric acid 
folloxsing the injection of histamme. Tlio existence 
of a macrocytic anemia, as indicated by calculaUon 
of red corpuscle size, should, furthennore, I)c con- 
firmed by examination of the blood smear. In prac- 
tically all eases such anemia is found to be associ- 
ated with evidences of altered pigment metabolism 
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sudi as some incrc.nse in plasma bilinibin and an 
tncmised output of urobilinogen in tlie urine and 
stools. MTiere anemia is slight in degree, the com- 
bination of acWorhy'dna. slight macrocytosis as in- 
dicated by’ calculation of me-in corpuscular volume 
and by tbe presence of macrocyles in the blood 
smear, together xvith a slight degree of bilirubine- 
mia, makes pernicious anemia highly likely. 

It must be kept m mind tlmt the demonstration 
of macroc) Uc anemia i$ not in itself diagnostic of 
pernicious anemia, for, as already indicated, maii- 
rocytic anemia may appear tinder a variety of cir- 
cumstanccs. Wien the m.icrDcy1ic anemia is part 
of anotlier disorder such as “aplastic” anemia, “aleu- 
kemic” leukemia, or some type of hemolytic anemia, 
differenUation is important, for vitamin B 12 or folic 
acid therapy is then valueless. In aplastic anemia, 
achlorhydria is only sometimes present, glossitis is 
rare, and signs of involvement of the nervous sys- 
tem. such as loss of vibratory sense, are tiniisiial 
In aleukwnic leukemia, sternal marrow* examination 
should reve.-il a characteristic picture quite differ- 
ent from that of pernicious anemia, -and in hemo- 
lytic anemia the marrow is normoblastic, not meg- 
aloblastic. Even when the macrocytic anemia is 
accompanied by megaloblastic bone marrow, dif- 
fcrcnlbtion is Important, since some forms, unlike 
pernicious anemia, are not pennanent in ch.iracter 
and do not require treatment for the remainder of 
the patient’s life. Certain rare megaloblastic maem- 
cytic anemias, furthermore, do not respond to the 
administration of vitamin Bij. Some of these con- 
dilions are described briefly below. 

It is important that diagnosis be established ac- 
curately before treatment is inltiatctl, since, as al- 
rc.ady indicated, a diagnosis of pernicious anemia 
implies the need for therapy for iJie rest of the pa- 
tient’s life. In doubtful eases, a therapeutic lest, if 
properly peiformwr, can be very hefpfuf. ff is I’m- 
portant, however, that llie test be made with vita- 
mirt Bj- alone and not watli some agent containing 
Iron or other substances in addition, and that the 
reticulocyte response be obscn’cd daily for 7 to If) 
days until a positive or negative result has been 
obtained. 

The discovery of vitamin Bjs and the fact that 
the cobalt contained therein can be labeled radio- 
actively have prosidcd a method whereby the ab- 
sorption of this xatamin can be measured. This oilers 
a means by which dcfetUve absorption of the rit-i- 
min from the g:istTointcs{in.-iI trait can be demon- 
strated excti in the absence of anemia, os In treated 
eases of pernicious anemia, and to some extent 
megaloblastic macrocyllc apcmhis other than per- 
nicious anemb can be differentiated from lliat con- 
dition. Several different techniques arc available, 
but the most commonly used one, the Schilling test, 
depends on measurement of tlie excretion of tlic 
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administered radioactive material in the urine. 
When radioactive vitamin Ejn is given by mouth 
to persons who can absorb it, radioactivity will 
appear in the urine if the person is "flooded" with 
an intramuscular injection of nonradioactive vita- 
min Bi 2 . Normal individuals have been found to 
excrete H to 26 per cent of the orally administered 
radioactivity in the urine in the next 24 hr, depend- 
ing on the size of the dose (0.5 to 2.0 ^g). Patients 
with pernicious anemia have been observed to ex- 
crete only 0 to 7.0 per cent under these conditions. 
In them tire simultaneous administration of intrinsic 
factor and radioactive vitamin results in increased 
excretion (3.1 to 30, average 9.8 per cent). 

Prognosis. With appropriate therapy it is now 
possible to restore the blood to normal and to pro- 
mote a return of the general nutrition to normal. If 
changes are present in the nervous system, their 
advance can at least be halted, and in some cases 
improvement may take place. The danger in perni- 
cious anemia arises from failure to continue dierapy 
and from complications and intercurrent conditions. 
In a chronic ailment lihe pernicious anemia, other 
diseases develop in the course of time. Among these, 
carcinoma of the stomach is particularly noteworthy, 
smce the incidence of this disease in patients with 
pernicious anemia is more than three times as great 
as in other individuals. When changes in the nerv- 
ous system exist, particularly if they involve the 
urinary sphincter, infection may occur, The exist- 
ence of infection at the time of relapse may seri- 
ously interfere with the response to therapy. 

Treatment. Treatment, in so far as the blood 
changes are concerned, is e.xtremely simple. The 
administration of an adequate amount of vitamin 
Bi 2 is followed by a reticulocyte response which 
reaches its maximum 5 to 7 or 8 days following 
initiation of therapy. This is succeeded, as the re- 
ticulocyte count falls to normal, by a rapid disap- 
pearance of anemia and by the production of cells 
of normal size and shape. The leukocyte and the 
platelet counts likewise return to normal, biiirubi- 
nemia disappears, and the increased quantities of 
urobilinogen in the urine and stools are reduced 
to die normal range. The gastric achlorhydria per- 
sists. 

Effective treatment may produce subjective im- 
provement within 48 hr, and evidence of a change 
is often noted by the patient before the reticulocytes 
increase. There is a gain in appetite and a sense of 
well-being. Tongue symptoms, if present, disappear 
promptly. On the other hand, neviral symptoms do 
not change quickly. Although in the course of 2 
months from the beginning of treatment the patient 
usually attains a normal blood, the neurologic symp- 
toms may still be present. However, those of milder 
intensity are likely to decrease or disappear. 

The most efBcicnt means of treatment is by the 
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intramuscular injection of vitamin Bjj. The effects 
of the administration of vitamin Bjs in pernicious 
anemia appear to be in every u’ay similar to those 
produced by liver extract and, like the latter, are 
very much more pronounced when the vitamin is 
given parenterally than when it is taken orally (60 
to 100 times). The minimal effecUv’e intramuscular 
dose of vitamin Bja is 1 /i.g, and good hematopoietic 
responses may be expected from doses of lO /tg 
daily. Larger amounts up to 80 /ig or more daily 
produce greater effects, the mean response being 
roughly proportional to the logarithm of the dose. 
As larger doses are given, however, a greater pro- 
portion is promptly excreted. 

For a patient in relapse, between 1,000 and 6,000 
ftg vitamin B 12 is given, since the substance is 
needed not only to produce a remission but to re- 
plenish the greatly depleted body stores. However, 
this is best administered in divided doses in the 
course of the first 2 w’eeks or more of therapy; 
otherwise, much of the vitamin will be excreted 
before it can be used or stored, as already indicated. 
An injection of 100 /ig is a satisfactory amount to 
be given at one time. If possible, reticulocytes 
should be counted daily in order that the effective- 
ness of therapy, or lack of response, may be dem- 
onstrated early. An increased quantity of red cells 
as measured by the volume of packed red cells is 
not usually detectable before 10 days. 

Maintenance therapy may be calculated on the 
basis of approximately 2 vitamin B 12 for each 
day, but t^ does not need to be given at intervals 
shorter than a month or two; i.e., 60 fig is injected 
intramuscularly every 30 days or 120 fig every 80 
days. 

Intravenous therapy is unnecessary. Oral therapy 
with liver extract or Bi 2 ”intrinsic factor combina- 
Uons is inconvenient, since daily intake is necessary. 
Only where some idiosyncrasy on the part of the 
patient exists, or where sensitivity to the parenteral 
administration of vitamin cannot be overcome 
othcr^vise, is oral therapy justified. Then 1,000 fig 
\itamin Bi- orally each day is preferable to the use 
of vitamin Bjo—intrinsic factor combinations or 
liver extracts. Folic acid should not be used. 

The diet should be such as to restore the patient 
to a state of normal nutrition and to maintain him 
so, but need not contain any unusual foods, except 
perhaps where neurologic changes are present. In 
such cases, it may be wise to recommend the con- 
sumption of, say, a half pound or more of cooked 
liver per week. This recommendation is made since 
infonnation is still lacking as to the exact nature 
of the deficiency’ which leads to the development of 
changes in the nervous system By the consumption 
of whole liver the patient possibly obtains sub- 
stances of value in addition to the ontiancmic fac- 
tor. 
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Transfusion is rarely, if e\-er, required in per- 
nicious anemia, since a physiologic response can 
be atliiescd In 4S to 72 hr if vitamin Bts is given 
parenterally. Since the patient’s anemia has dc\'el- 
oped gradually, he has become adjusted to it. 
Where the cardios-ascular system is imperfect, 
transfusion, by producing a sudden increase in 
blood volume, may sometimes be harmful and may 
precipitate acute cardiac failure with pulmonary 
edema. Iron Is not needed as an adjunct except 
where iron deficiency exists as well. Supplcment.iry 
therapy with various vitamins is likewise unneccs- 
sar)'. These can be and should be furnished in llic 
diet in the form of food. Tlie administration of di- 
lute hydrochloric acid (USP), in amounts of 4 to 
8 ml t.i d. w-ith meals, is sometimes of value when 
gastrointestinal complaints persist, particularly eruc- 
tations or frequent bowel movements. In the ab- 
sence of such complaints hydrochloric acid is un- 
ncctssaiy. 

Particularly where changes In the nervous system 
exist, confinement to bed should be as brief as pos- 
sible, and the patient should be encouraged to use 
Uic limbs even when lying in bed. In addition, pas- 
sive movement, massage, and dry heal are valuable 
for improving tlio tone of the muscles. Physiother- 
apy may permit adjustment to permanent damage 
resulting from the neurologic changes. 

The development of an intercurrent disease, par- 
ticularly infection, calls for an increase in the 
amount of vitamin Bi- therapy, since requirements 
under such conditions seem to be increased. 

Vitamin Bia therapy has now replaced treatment 
with liver extract. Even when “refined"’ liver ex- 
tracts were used, sensitivity was sometimes ob- 
verv’cd to develop in the form of severe flushing, 
dizziness, a sense of oppression, or urticaria follow- 
ing Its intramuscular administration. Sometimes 
even peripheral vascular collapse occurred. Sensi- 
tivity to the crystalline vitamin D ,3 is cxlrrroely 
rare. 

Meealoh}a$lic Maeroetjtic Anemias Other 
than Pernicious Anemia (Tabic 235’!) 

Nutritional Macrocytic Anemia. This term refers 
to macrocytic anemia arising from dietary defi- 
ciency, ns distinguished from deficiency resulting 
from kick of intrinsic factor or from faulty absorp- 
tion Since such anemia has been seen most often 
m the tropics, tropical macrocytic anemia is onoUicr 
svnonym Tlic condition is particularly common in 
pregnant women. Weakness, shortness of breath, 
sore mouth, sore longue, diarrhea, and cdcina nre 
common complaints. In contnist to pernicious ane- 
mia. m nutritional m.'tcrocylic ancmLi achlorhydria 
IS no more common liian in the popiihition in gen- 
eral. and degenerative changes in the nervous sy's- 
tem are practically never found. The blood picture 
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and bone manow are indistinguishable from those 
of penricious anemia. Tropical m.icrocjlic anemia 
probably is not n single clinical entity. In many 
cases tlic anemia has been relieved by the admin- 
istration of yeast, Marmite (autolyzed yeast), or 
liver. In some cases a good hematopoietic response 
has followed the administration of ptcroylghitamic 
acid, and in a few, a good response to vitamin Bj. 
and even to oral penicillin has been reported. In 
certain cases, however, these agents have not been 
cffectiv e, and the need for still anotlicr factor (Wills’s 
factor) has been postulated. That some form of 
dietary deficiency is the cause of this disorder is 
indicated by the observation lliat it docs not recur 
if tile diet is satisfactory. 

Nutritional macrocytic anemia is uncommon in 
the Temperate Zones. Few of the instances of mac- 
roc^iic anemia seen in pellagra can be accounted 
for by a lack of extrinsic factor in the diet. In other 
cases faulty absorption is important, and in many 
both mcclianisms play a role. In sprue and in idio- 
pathic stcolorrheo, as described elsewhere (p. 537), 
inadequ-Mc absorption is the main cause for the 
development of macrocytic anemia. In Great Brit- 
ain in particular, occult idiopathic steatorrhea with 
insignificant alimentary symptoms but accompanied 
by megaloblastic macrocytic anemia is not uncom- 
mon. This usually responds much better to the ad- 
ministration of pteroylglutamic acid than to vita- 
min B] 2 . 

Patients described at one time as h.avlng "achres- 
tic anemia’* and “refractory megaloblastic anemia,” 
because they failed to respond to liver therapy, may 
have impaired metabolism of folic acid or complex 
deficiencies of folic acid, ascorbic acid, choline, or 
perhaps otJicr substances essential for the metabolic 
steps which result in normal erythropoiesis. 

In Pregnancy. In addition to megaloblastic ane- 
mia in pregn.incy which may be rcg.irded as nu- 
tritional macrocytic anemia, as mentioned above, 
such anemia is sometimes seen in the absence of 
vlictary deficiency. Although this type of anemia is 
often refractory to liver extract or vitamin Bi-. most 
patients have responded to folic acid; tlie prognosis, 
which was very poor at one time, has Uius been 
improved. The pathogenesis of this form of mcg.alo- 
blastic anemia is obscure. Increased demands os 
the result of the needs of the fetus, defective utiliza- 
tion, or some other metabolic abnormality are pos- 
sibihties which have not been excluded. 

Follovvlng Surgery. Following total gastrectomy, 
megaloblastic anemia may develop because the 
source of intrinsic factor has liecn removed. Tlic 
absorption of orally admlnistererl vitamin Dj- h.is 
been shown to be impaired. Follow ing partial gas- 
trectomy the incidence of megaloblastic anemia is 
very much lower than after total gastrectomy, al- 
titough iron-dcficicncy anemia is relatively common. 
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The macrocytic anemia seen in association wifli 
intcsiinol strictures and cnastomoscs has been at- 
tributed to impaired absorption, but as good hema- 
topoietic responses have been observed when tetra- 
cyclines were given, it seems plausible that die ane- 
mia is caused by the colonization of the small in- 
testine by abnormal bacteria which in some way 
divert folic acid or vitamin Bjs from the host. 

In Liver Disease. Macrocytic anemia occurs in 
a variable number of cases of chronic liver disease 
and it is megaloblastic in a few. No wholly satis- 
factory e>:planation for the latter has been found. It 
is conceivable that the requirements for fobc amd 
and vitamin Bj 2 may be increased or their storage or 
utilization impaired, or that other factors are in- 
volved. 

In H>^othyToidism. Macrocytic anemia is some- 
times seen in hypothyToidism, but the bone marrow 
is usually hypoplastic and normoblastic, and desic- 
cated thyroid, not liver extract, vitamin B 12 . ot 
pteroylglutamic acid, is effertive in relieving the 
anemia. Defective intestinal absorption of vitamin 
Bij, uninfluenced by intrinsic factor, has been dem- 
onstrated in some cases. 

In Fish Tapeworm Infestation. True megalo- 
blastic macrocytic anemia is seen, in Finland espe- 
cially, in persons harboring the tapeworm, Dipht/l- 
lobothrlum latum. The anemia is attributable to 
competition with the host by the worm for vitamin 
Bi 2 . How this interference is accomplished is un- 
clear; perhaps by utilization of the vitamin, break- 
down of its interaction with intrinsic factor, or 
prevenb’on of its absorption through the intestinal 
Nvall. 

During Administration of AntimetaboUtes. One 
of the toxic effects of amethopterin and 6-mercap- 
lopurine, used in the treatment of leukemia, is the 
production of megaloblastic anemia. Interference 
with the metabolism of folic acid appears to be the 
explanab’on for the development of such anemia 
in a small proportion of patients receiving ontfcon- 
vuhant drugs, such as diphenylhydantoin sodium, 
primidone, and barbital derivabves, although the 
possible coexistence in the indiN-iduals affected of 
some degree of folic acid deficiency must be con- 
sidered to be likely. 

In Cases of Excessive Demands. In rare instances 
of very active hematopoiesis, especially in hemo- 
lytic anemias, megaloblastic anemia has been ob- 
served, presumably because the demands for build- 
ing materials exceeded those available in persems 
whose stores of tlicse substances were marginal. 

Ilevie^v of the conditions in uliich megaloblastic 
anemia may be encountered thus rexeals that under 
certain circumstances dietary deficiency of folic 
acid may develop and result in nutritional macro- 
cytic anemia. In other patients there may be defec- 
ti\’e absorpUon of folic acid (sprue, idjopatiiic slea- 
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torrhea), but in some such patients the absorption 
trf vitamin Bjj may be impaired as well. In still 
other cases, alterations in the gastrointestinal tract 
may lead to consumption or destrucb'on of one or 
bolh of diese substances, or an antimetabolite may 
be produced there (fish tapeworm anemia, intes- 
tinal strictures and anastomoses). Only following 
total gastrectomy is absorption of vitamin Bjj im- 
pabed in a manner corresponding to that encoun- 
tered in pernicious anemia; i.e., as the result of 
lack of intrinsic factor. Various combinations of 
defects in dietary content, absorption, consump- 
tion, destruction, or antagonism may result in vari- 
ous degrees of deficiency of vitamin or folic 
acid or both. In addition, it has been postulated 
that vitamin B 12 in some manner influences the 
storage, absorption, and ubiization of folic acid 
and that when vitamin B 12 is lacking, these func- 
tions are impaired. 

HEMOLYTIC ANEMUS 

Manifestations. Under the heading of hemol)'tic 
anemias a number of conditions may be Included 
which differ widely in etiology, sjTnptomatoIogy, 
severity, and course. The sjinptoms depend upon 
the rapidi^ and extent of hemolysis, its duration, 
and whether or not it is taking place in the blood 
stream or in the reticuloendothebal system. Jaun- 
dice is a sign common to all, but its degree may be 
such as to be barely perceptible (when it is often 
overlooked) or so great as to be very striking. Other 
symptoms may be entirely absent. Thus patients 
xWth hereditary spherocytosis are “more yellow than 
sick" except when a hemolytic crisis occurs. In 
other cases there may be slowly progressive ane- 
mia and gradually increasing jaundice. The anemia 
may become profound and yet there may be few 
manifestations, since in such cases there is time 
for cardiovascular adjustments (p. 208) to be 
made. In chronic hemolytic anemia, splenomegaly 
Is common and the liver may be enlarged. Compli- 
caUons such as gallbladder disease or chronic leg 
ulcers may develop. 

On the other hand, the onset of hemolytic ane- 
mia may be heralded by a severe, shaking chill fol- 
lowed by high fever, malaise, headache, and pain 
in the back, abdomen, or limbs. The abdominal 
pain may be so severe and may be accompanied 
by such marked muscular rigidity and spasm as to 
simulate an acute surgical condition. If the hemoly- 
sis is rapid and severe enough, profound prostra- 
tion and shock, accompanied by anuria and oliguria, 
may ensue. When urine is passed, it is found to be 
very dark. Jaundice develops rapidly. As anemia en- 
sues, weakness, palpitation, djspnea, tachycardia, 
cyanosis, cardiac enkargement, hemic murmurs, ver- 
tigo, faintness, and other manifestations of rapidly 
devde^ing anemia (Chap. 23) make their appear- 
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ance. In certain tjpes of acute hcmolvtic reactions, 
urticaria, \a?cu!ar disturbances suggesting Ray- 
naud’s phenomenon, and thrombosis and gangrene 
may develop. 

All grades, from such aaite fulminating disor- 
ders of several dap’ duration to CNtrcmely benign 
conditions of many ) cars' standing, may be encoun- 
tered. A chronic, congenital process may be inter- 
rupted by acute exacerbations. 

Ilctnalologic Manifcslaliona, The hematologic 
manifestations uhich accompany acute blood de- 
struction consist of an initial phase of rapid dcstr^ic- 
tion of red corpuscles and a second phase of rapid 
blood regeneration. Tlieso two phases usually over- 
lap, especially when the hemoljtic agent acts oscr 
a prolonged period of time. 

Tlic anemia may be mild or seserc, depending 
upon the intensity and duration of the hemo!)'tic 
process It is usually normocjtic but may be macro- 
cjtic, especially during the stage of rapid regenera- 
tion when many rclatis’ely immature and reticulated 
cells are present. It is not uncommon to find 10 to 
25 per cent reticulocytes in chronic cases, and as 
many as 60 per cent or c\’cn more in acute cases. 
Polychromatoplulia, nucleated red blood corpuscles, 
am! Ilowcll-JoIIy bodies are usually present. There 
generally is marked \ariation in the size of the cells 
(anisocytosis) and usually httlc variation in their 
shape (poltalocytosis), c.xccpt in patients with 
sicklc'CcII anemia. Spherocytes may be numerous. 

hfarked stimulation of tlic leukopoietic tissues, 
manifested by loukocylosis and a “shift to the left," 
with myelocytes and even rare myeloblasts, accom- 
panies the red corpuscle regeneration. Platelets may 
increase In numbw. and large, bizarre forms may 
make their appearance. In certain cases, however, 
and especially in paroxysmal nocturnal hemoglo- 
binuria, leukopenia and thrombocy topenb may be 
present. 

The bone marrow is hy'perplastic. There is a great 
increase in normoblasts and a consequent reduction 
in the myeloid leukocyte/erylhrocytc ratio from 
the normal of 4 or 5:1 to about 1:1 or even less. 
The normoblasts are chiefly polychrom.'ttophihc and 
ortliochromatic forms, os a rule there arc not many 
pronormohl.ists or basophilic normoblasts. Mcgalo- 
blasts, so characteristic of pernicious anemia and 
rvlaleil macrocytic anemias, ore not present. 

Figment MelabolUm. When the degree and rale 
of blood destruction are very great, licmoglohin is 
liberated into the pbisma and, if the hemoglobin- 
binding capacity of the plasm.1 (haptoglobin, p. 
C03) is exceeded, free hemoglobin is excreted by 
the kidneys and hemoglobinuria results. Ilowescr, 
the finding of red urine must not be assumed lo be 
m-ccssanly indicatisc of hemoglobinuria. The color 
may also lx: prtxluccd by intact red corpuscles, 
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porphyrin, or myoglobin. Microscopic and spectro- 
scopic examination of the urine will reveal tlie 
cause of the abnormal color. Under certain circum- 
stances hematin (p. 204) may be released. 

More often, blood destruction is less rapid. In 
such cases hemoglobinemia and hemoglobinuria are 
not found and there is only an increase in the ic- 
terus index, serum bilirubin, and urobilinogen ex- 
cretion in the urine and feces. The stools assume a 
dark color, and from 300 to 4,000 mg urobilinogen 
may he found in a 24-hr stool, as compared with 
the normal of 40 to 260 mg. The 24-hT wine may 
contain S to 200 mg urobilinogen (normal, 0 to 3 5 
mg) , The fecal urobilinogen may be increased when 
the urine urobilinogen and the bilirubin in the blood 
are not significantly’ greater than normal. 

The quantity of bilirubin in the plasma may rise 
as high as 10 mg per 100 ml. The reaction is in- 
direct but some increase in direct or “one-minute” 
bilirubin (bilirubin glucuronide) may also occur. 
The intensity of the bihrubinemia depends not only 
on the extent of the blood destniction but also on 
the capacity of the liver to remove the pigment from 
the blood stream and excrete ft in the bile. A nor- 
mally functioning lixcr is capable of excreting large 
quantities of bilirubin, but it is assumed that as 
anemia and consequent hypoxemia develop, its 
functional capacity becomes unpaired and bilirubin 
accumulates in the blood stream. 

Chuificalion 

The hemolytic disorders may be classified in 
x-arious ways, none of xvhich is entirely satisfactory. 
A clinical classificntiDn based on the sexerity of the 
manifestations may be confusing, since a chronic 
process may come to notice only during an acute 
exacerbabon. DiTcrcntiation of congenital and ac- 
quired forms is useful. Better still, however, is clas- 
sification on the basis of pathogenesis, even though 
understanding of the pathogenesis of the hemolytic 
anemias is still incomplete. 

By transfusing corpuscles which differ from those 
of the recipient with respect to their MN or Rh 
type or by giving group O corpuscles to recipients 
belonging to one of the other three major blood 
groups, it has been shown that xvhen normal cor- 
puscles are transfused to paUents in whom there 
is an cxtracorpiiscular cause for hemolysis, the 
donated corpuscles arc destroyed as rapidly as the 
patient’s own corpuscles. If, on the other hand, tlic 
patient's corpuscles arc removed from their abnor- 
mal environment and transfused to a norma! recipi- 
ent, their surx’ival time is normal. Hemolytic ane- 
mias which have been showm to be or are Uiought 
to bo of this type are listed in group I of Table 
233-2. Croup II includes disorders in which he- 
molysis is the result of a defect in the patient’s own 
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Tal^e 2S5'2. classification of uemolttic disohdebs 

I. Estracorpuscular causes 

A. Acute hemolytic anemias due to immune body re- 
action 

1. Isoagglutinins anti-A, anti-B (transfuaon re- 
actions) 

2. Isoagglulinins anti-Ilh, Kell, DuSj’, etc. 
Oiemolytic disease of the newborn, "intra- 
group” transfusion reactions) 

3. Cold hemolysins (paroxysmal cold hemoglo- 
binuria) 

J3. Idiopathic acquired licmolytic anemias 

C. Secondary, or sjTnplQmatic, hemolytic anemias 
1. Hodgkin’s disease 

2 Chronic lymphocytic leukemia, lymphosar- 
coma 

3. Disseminated lupus erythematosus 

4. Metastatic carcinomatosis 

5. Sarcoidosis, myelofibrosis 

6. Liver disease, ovarian tumors 

7. Throrabotve thrombocytopenic purpura 

D. Infectious agents 

1. Malaria 

2, 5ar<on«ffa (Oroya fever) 

3. Septicemia: Chstndiwn velchii, Vilrio comma 
(cholera), rarely others 

4, Viruses (atypical pneumonia, infectious mono- 
Queleosis) 

E. Chemical agenU 

1. Belated to size of dose 

а. Phcnylhjdrazine /. Phenacetin 

б. Toluene q. Aniline 

c. Trinitrotoluene h Methyi chloride 

d. Benzene i. Armine 

e. AcctaniUd Lead 

2. Depending on hypersensitivity 

а. Sulfonamides h Para-pbenylenedi- 

б. Quinine, quinidme amine 

c. Pamaquine i. Naphthalene 

d. Primaquine } Sulfones 

e. Para-aminosalicylic k. Nitrofurantoin 

acid 1. Phcnothiazlne 

/. Benzedrine m. Vjtamin K 

g. Mesantoln substitutes 

F. Physical agents (heat — severe thermal burns) 

<7. Vegetable ond onimal poisons 

1. Vegetable poisons 

a. Fava bean (Viciafaba) 

h. Castor bean (ricin) 

2. Animal poisons 
o. Snake venoms 

II. Intracorpuscular detects 

A. Hereditary spherocytosis (familial or congenital 
hemolytic jaundice) 

D. Hereditaiy elilptocytosis 

C. Hereditary nonspherocytic hemolytic anemias 

D. Hereditary Icptoeytoais (thalassemia, Meditma- 
iiean anemia) 

E. Sickle-cell tliscase 

F. Other hereditary hemoglobinopathies (C, E) 
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(.coniinued) 

G. Combinations of thalassemia and sickle-cell dis- 
ease or other hemoglobinopathies 

H. Paroxysmal nocturnal hemoglobinuria 

I. Miscellaneou? congenital hemolytic anemias (‘‘in- 
clusion body,” "Heinz body,” “Pappenheimer 
body”) 

red corpuscles. The patient’s corpuscles, when given 
to a normal recipient, can be shotvn to be disposed 
of more rapidly than those of the recipient, while 
the latter s corpuscles, if transfused into the patient, 
maintain a normal “life span.” It may be noted that, 
in the main, hemolytic anemias due to intracorpus- 
cular defects are familial and hereditary; those pro- 
duced by extracorpuscular factors are “acquired ” 
Acute Hemolytic Anemias Due to Immune Body 
Beactions. The naturally occurring agglutinins a 
and jff cause hemolysis when incompatible blood is 
given by transfusion. When hemolytic transfusion 
reactions talce place in spite of A, B, and O blood- 
group compatibility, they are attributable in most 
instances to the development of anti-Bh (D) ag- 
glutinins. Ne-xt m frequency are the Kell antigen 
and antibody. Other blood groups are only rarely 
involved (p. 440). Such aggluUnins are also re- 
sponsible for the development of hemolytic disease 
of the newborn (ertjihroblastosis fetalis), a condi- 
tion in which the red corpuscles of an Rh-positlve 
fetus ate destroyed as the result of the action of 
antibodies produced m the Hh-negative woman 
carrying the fetus. 

Although the number of possible causes of hemo- 
lytic anemia is large, as Table 235-2 indicates, in a 
very significant number of cases of acquired hemo- 
lytic anemia no cause is found and no associated 
disease is recognized. Idiopathic cases have been 
observed at all ages, from Sto months to seventy- 
eight years, but females are more often affected 
than males. The clinical manifestations range in 
the extreme. The course may be acute, severe, and 
fulminating, or the illness may be insidious in onset 
and chronic in course. In the latter instances, re- 
peated attacl.s of greatly exaggerated blood destruc- 
tion may punctuate the course and may be followed 

spontaneous remissions, By and large the mani- 
festations are rarely as mild as they may be in 
hereditary spherocj'tosis. The hematologic features 
are similar to those of other hemolytic anemias, 
varying according to the severity of the condition. 
In most instances, however, certain immunologic 
manifestations may be demonstrated if they arc 
looked for. The introduction of serologic methods 
like Uie Coombs test has made possible the demon- 
stration of antibodies in the majority of cases of 
idiopathic acquired hemolytic anemia. 
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There appear to be several varieties of idiopathic 
acrjuirecl licmolytic anemia. They are, in part, asso- 
ciated with differences in the type of antibody 
which is found. In the majority a “warm" antibody 
is presenti i.e., the antibody reacts well at 37®C 
and is not potentiated at lower temperatures. The 
most common warm antibodies are "incomplete” ; 
tliat is, they sensitize normal erythrocj tes to anti- 
globulin serum but do not cause agglutination in a 
saline medium The sensitization is not inhibited 
by previous heat inactivation of the patient’s scrum 
at 56*C and it is increased only slightly by acidifi- 
cation of the serum to pH 6.S or 7. Typically, these 
warm antibodies cause agglutination and not he- 
molysis. The sensitizing antibodies usually are 
y-globulins. 

"Cold" antibodies are markedly potentiated by 
reducing the temperature below 37®C. These anti- 
bodies are "incomplete,” but they may also act as 
"complete” agglutinating antibodies and under cer- 
tain circumstances may also bring about hemolysis. 
Two main fonns of cold antibodies have been dem- 
onstrated in acquired hemolytic anemias. The com- 
mon, typical type is a powerful antigen; the rare 
vanety is similar to the Conath-Landstciner anti- 
body of paroxysmal cold hemoglobinuria In cases 
of acquired hemolytic anemia associated with the 
presence of cold antibodies, cyanosis and Raynaud’s 
phenomenon on exposure to cold as well as liemo- 
globinuria may be noted. Spherocytes are not con- 
spicuous and osmotic fragility may be normal. The 
course of these cases is generally chronic and often 
IS relatively mild. They most commonly occur in 
elderly persons. 

In addition to these ivarm and cold autoanti- 
bodics, it is not uncommon to find other manifesta- 
tions of abnormal protein formation in patients with 
acquired hemolyfac anemia. Thus, antibodies against 
lipoid antigens may be present and may give rise 
to false positive ^^'asse^llann and Kahn reactions. 
Tliis is especially frequent in disseminated lupus 
erythematosus. Again, scrum complement may be 
reduced and hypergammaglobulinemia and cryo- 
globulins may develop. 

It was assumed at first th.at the autoantibodics 
found in acquired hemolytic anemia were nonspe- 
cific; i c., that they reacted witli all types of human 
red cells without relation to any blown blood group 
antigens. In some cases, howc\cr, the nutoanti- 
bodies have been found to be specific and were 
directed against various Rh antigens and, more 
rarely, against other blood groups, such as Kell, 
B, and O. The serology of die acquired hemolytic 
anemias is complicated, however. Autoantibo^es 
without apparent specificity base been obscn’cd in 
the same blood as those in ssbich specific antibod- 
ies were disco\cred. Furthermore, it has bcim ob- 
served that the antibodies of one patient often 
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differ considerably from those of another in tem- 
perature requirements, specificity, chemical nature, 
and in their reactions in vitro. A few cases have 
been described in which the patients’ serums con- 
tained a potent agglutinin for enzyme-treated cells, 
but tliis was not associated with a positive direct 
Coombs test. In cases in which cold antibodies have 
been demonstrated, there has not been a clear cor- 
relation between their titer and hemolysis, nor has 
there been such exposure to cold as might be ex- 
pected to lead to agglutination and subsequent 
mechanical destruction of the red corpuscles. 

Certain features serve to distinguish chronic 
hemol)tic anemia ivitli erylhrocyte-bound antibody 
from other types of licmolytic anemia As already 
indicated, warm or cold hemagglutinins are present 
and llie Coombs test (p. 1293) is positive. Sphero- 
cytosis is usually marked svhen the disease is active, 
and at such times the osmotic fragility of the red 
corpuscles Is irregularly increased and their me- 
chanical fragility is also increased. Even normal 
transfused cells ^iccome spherical, their fragility be- 
comes increased, and they arc rapidly destroyed. In 
quiescent stages, however, the spherocytosis may 
be absent, and osmotic and mechanical fragility 
may be normal. 

It has been pointed out that oxalated blood from 
patients with hemolytic anemia associated with im- 
mune bodies may have a granular appearance when 
examined with a hand lens as the blood Is aDowed 
to How in a thin layer along the side of a glsss 
container. In rare cases this may even be seen ^vith 
the naked eye. The phenomenon is attributable to 
the agglutination of the red corpuscles in the 
plasma. 

Other Hemolytic Anemias, Presumably Due to 
Exlracorpusctilar Causes. The clinical manifesta- 
tions of the hemolytic anemias associated with vari- 
ous disorders (“symptomalic" hemolj'tic anemias) 
arc similar to those in cases of the idiopathic variety 
except for the presence of manifestations of the 
underlying disease. The latter, however, are some- 
times not apparent and must be sought out care- 
fully. Although it was at first thought that erythro- 
cyte-bound antibodies do not develop in cases of 
symptomatic hemolj'tic anemia, with the introduc- 
tion of appropriate serologic techniques it is be- 
coming clear tliat at least a great proportion of 
tliesc cases are of the immune body type. 

Table 235-2 lists the large variety of infectious, 
chemical, and physical agents which may be asso- 
ciated with the development of hemolytic anemia, 
licmolytic anemia associated with exposure to 
chemical agents can dex-elop in a number of differ- 
ent ways. Some chemical agents cause anemia 
whidi is related in its severity to Uie quantity of 
the chemical absorbed. Other chemicals, such as 
benzene and trinitrotoluene, may have an earlier 
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hemolytic effect which is foIIo\vecl by a toxic, in- 
liibUory action on the bone marrow, with aplastic 
anemia as the ultimate result. Another group are 
the derivatives of aniline and the nitro compounds, 
which more regularly cause methemoglobinemia 
but may also cause blood destruction. Plumbfsm 
represents still another category. 

In addition to these, there are chemical agents 
u’liich cause hemolytic anemia only in a small pro- 
portion of exposed individuals. Even a small dose 
m.ay precipitate the reaction. Because the nature 
of one form of such drug sensitivity was first dis- 
closed in the course of a study of sensitivity to the 
antimalarial compound primaquine, it has come to 
be designated as the primaqiiinc-scnsitluc type of 
hemolytic anemia. It has been shown that in such 
sensitive persons the glucose 6-phosphate dehydro- 
genase (G6PD) activity of the ted blood corpus- 
cles is substantially reduced below the normal. Tin’s 
enzjTne is concerned with the regeneration of re- 
duced triphosphopjTidine nucleotide (TPiNH), 
which, in turn, is required in tlie reduction of oxi- 
dized glutatldone. It was observed Urat the reduced 
glutathione (GSII) level of sensitive erjthrocj’tes 
was consistendy lower than that of nonsensilive 
colls and that a rapid fall in red cell CSH occurred 
when primaquine was administered to sensitive in- 
dividuals. This phenomenon can also be demon- 
strated in vjtro by Incubating sensitive cells with 
acetyl phenylhydrazine. Various tests have been 
devised whereby "primaquine sensitivity” can be 
demonstrated. Hemolytic anemia associated witJi 
a large number of drugs, some of which are listed 
in Table 235-2, is of this type. It is not kno'vn 
whether the fundamental abnormalil)' in erythro- 
cyte metabolism is GSH depletion or ^vl>etllcr tills 
is only a convenient indicator of other important 
changes. It has been shown that the abnormality 
is an inherited trait which appears to be trans- 
mitted as a sex-hnhed, incompletely dominant gene 
of intermediate penetrance. Males are affected, but 
in the heterozygous female the defect may range 
from full expression to nonpenetrance. The abnor- 
mality is present in about 7 per cent of American 
Negroes and in Caucasians of Italian and Greek 
extraction as well as in other Mediterranean peo- 
ples. The hemolytic anemia associated with expo- 
sure to the fava bean may depend on the same 
mechanism or a similar one. An important distinc- 
tion between the red coll abnormality in Uiese sen- 
sitive persons and tliat seen in disorders classified 
in Table 235-2 under the general heading of In- 
tracorpuscular Defects, such as hereditary sphero- 
cytosis, is that tile red cell abnormality of sensitive 
persons has no knovTO deleterious effect on the in- 
dividual or on the red cell life span in the absence 
of the offending chemical agent. 

Hemolytic reactions to all drugs cannot be ex- 
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plained by the heritable enzymatic mechanism de- 
senbed a^ve. However, nothing is known concern- 
ing the pathogenesis of other forms of drug idio- 
syncrasy. 

Intracorpuscular Defects. A number of tli^ dis- 
orders coming under this head are described sep- 
arately below. 

Mechanisms of Hemolysis. Various processed con- 
dition or cause the destruction of red corpuscles: 
phagoitytosis, agglutinins and hemolysins, osmotic 
lysis, mechanical Victors, and sequestration with 
crythrostasis. The importance of phagocytosis is not 
clear. Some regard it as a primary and important 
factor, while others relegate it to an accessory' role 
dependent on other mechanisms of red corpuscle 
destruction. Various types of hemagglutinins ^nd 
hemolysins have been described, as already men- 
tioned. Immune hemolysins are not found fr£e m 
the scrum except In disorders which require special 
conditions for their maximum operation. Thps in 
parojtysmal cold hemoglobinuria a fall in tempera- 
ture is required for maximum activity of the hemo- 
lytic system, while in paroxysmal nocturnal hemo- 
globinuria a fall in the pH of the blood is necessary. 
In most instances immune hemagglutinins remain 
attached to the red corpuscle. The Coombs or "de- 
veloping” test serves to demonstrate such factors 
(p. 1293). 

The role of mechanical factors is indicated by 
the fact that the osmotic and mechanical fragihbes 
of the red corpuscles increase when the corpuscles 
are placed in natural or artificial immune serunis in 
which hemolysins and agglutinins are piesent. Simi- 
lar changes in fragility have been observed in jisso- 
ciation with the action of hemolytic agents, such as 
saponin, or physical factors, such as heat. Osmotic 
lysis, usually determined by the familiar hypotonic 
saline fragihty test, probably does not operate in 
vivo except perhaps in the spleen under certain 
conditions. It is a plausible hypothesis that me- 
chanical trauma is the ultimate mechanism whefcby 
cell destruction occurs under normal circumstances 
and in many varieties of hemolytic anemia It has 
been shown that nearly spherical cells, strongly ag- 
glutinated cells, and those with weakened cell mem- 
branes are abnormally susceptible to mechanical 
destruction. In certain cases of acquired hemolytic 
anemia, increased mechanical fragility has been ob- 
served when osmotic fragility was normal. It was 
found that such cells did not survive normally in 
the circulation of normal individuals. The increased 
mechanical fragility of sickled masses of eiythro- 
c)rtes may explain the increased red corpuscle de- 
struction in sicWe-cell anemia. 

The term crythrostasis has been applied to the 
processes to which red corpuscles arc subjected 
when denied free access to fresh plasma. The spleen 
appears to have the property of selectively remov- 
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ing and concentrating spheroidal cells. Erjihrostasis 
may lead to increased osmotic and mechanical fra- 
gility of the red corpuscles and thereby favor their 
destruction. It has been suggested that the spleen 
is of importance in hereditary spherocytosis because 
of the inherently abnormal susceptibility of the red 
corpuscles to the effects of erjiluostasis. It was 
demonstrated tliat in a patient with this disease 
who had received transfusions of identifiable ncff- 
mal corpuscles, the spleen, removed at operation, 
had selecti\ely retained the patient's own corpus- 
cles. Perfusion experiments have shown that even 
the spleen from a case of purpura hemonhagica, 
where no hemolytic process existed, likewise selec- 
tively remo\ed transfused red corpuscles from cases 
of hereditary spherocytosis but did not retain nor- 
mal corpuscles. 

Sequestration in the spleen and also in the liver 
pl.ays an important role in acquired hemolytic ane- 
mias In sequestering sensitized red corpuscles from 
the circulation the spleen behaves as a lughly pro- 
ficient, passive filler. Thus, it has been showm that 
when sensitized red corpuscles are injecte«l in the 
circulation of normal subjects, they are agglutinated 
by the plasma globulins, following which they are 
sequcstcied in Uie spleen and are heinol> 2 ed within 
a few minutes. The speed of the hemolysis Is such 
as to suggest the presence of a preformed lysin; 
leukocytes may be inv-olved in this lytic process. 
However, in contrast to the fate of these sensiUzed 
corpuscles coated with "incomplete” antibodies, in 
reactions involving “complete” antibodies, as when 
red corpuscles are Injected into normal subjects hy- 
pcrlmmunized against them, sequestration and de- 
struction occur in tlie hver to a greater extent than 
in the spleen. 

Studies of spontaneous hemolysis of red corpus- 
cles in vitro (autohemolysis) have led to the rec- 
ognition of a metabolic defect in the ted corpuscles 
of hereditary spherocytosis. The continued presence 
of glucxise during incubation of the red corpuscles 
was observed to retard markedly the potassium loss 
and the increase in osmotic fragility of the cells. It 
was possible to demonstrate that abnormalities in 
the dynamics of intracellular carbohjdrale metabo- 
lism e.xisl. Tlius, using radio.active pbosphonis as 
a tracer, it was found that in cells from patients 
with hereditary spheroc)tosis there is a smaller flux 
of P’- into adcnosinclriphosphatc and 2,3-diphos- 
phogljcenc acid than in normal cells and a concur- 
rent increase in the IIilx into orthophosphate. It was 
shown also that in many instances the metabolic 
lesion could be reversed with adenosine and glu- 
cose Thus, some of the deleterious effects of eiy^i- 
rostasis can be explained. An adequate rate of sup- 
ply of encrgj’-rich phosphate bonds is ticcessary for 
the maintenance of the biconcave shape of the red 
corpuscle. Energy production may be dclecUve as 
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the result of genetically controlled enzyme defi- 
ciencies or functional inadequacies. Such red cor 
pusclcs are less well able to maintain their integrity 
than normal ones. 

Study of a Patient teith a Hemolytic Disorder 

Hemolytic anemia can be recognized by the de- 
v'clopment of certain sj-mptoms and signs, certain 
changes in tlie blood and bone marrow, and char- 
acteristic alterations in pigment metabolism, as al- 
ready outlined. The differentiation of the various 
hemolytic disorders is important since treatment 
depends on their nature. Tlie history alone may 
suffice to reveal an etiologic agent or may indicate 
that one is dealing with one of tlie familial or 
hereditary disorders. Physical examination may re- 
veal one of the conditions of which hemolytic ane- 
mia can be symptomatic. In addition, certain sim- 
ple tests have been dev’ised which give some clue 
to the nature of the disorder. 

Osmotic Fragility Test. In certain cases of hemo- 
lytic anemia one demonstrates, by this test, the sus- 
ceptibility of red corpuscles to hemolysis in con- 
centrations of salt which fail to cause rupture of 
normal corpuscles. Such osmotic fragility u char- 
acteristic of corpuscles which are more nearly 
spherical than normal corpuscles. The test Is gen- 
erally positive in hereditary spherocytosis and nega- 
tive in acquired forms. Unfortunately, however, 
there are e.xceptions to this statement. Spherocytosis 
and mereased osmotic fragility are encountered in 
certain acquired cases, especially in an acute phase. 
The sensibvniy of the test can be increased by first 
incubating the corpuscles to be tested in vitro at 
body tempeiature for 24 hr. Under such conuitions 
the fragility of normal corpuscles is increased 
sliglilly; that of corpuscles from cases of hereditary 
spherocytosis is increased markedly and symmet- 
rically. 

Mechanical Fragility Test. A small amount of 
oxalaled or defibnnated blood is placed in an Erlen- 
mejei flash containing glass beads and rotated, 
following which the hemoglobin liberated from the 
cells Is measured and compared widv controls. In- 
creaserl mechanical fragility has been observed in 
congenital hemolytic jaundice, in sicUe-cell anemia, 
and m the presence of cold agglutinins and isoag- 
glutinins after agglutination of the cells in the cold, 
as well as m a few cases of atypical hemolytic 
anemia in which osmotic fragility was normal or 
decreased. 

Autohcmolysis. This test depends on the incuba- 
tion of sterile defibrinaled blood at 37“C for 24 and 
48 hr and measurement of the amount of spon- 
taneous hemolysis which occurs. Normally 0 to 0.5 
per cent hemolysis takes place in 24 hr, 0.4 to 3 5 
per cent m 48 hr. In general, autohcmolysis is 
increased vvhen osmotic fragility is increased and 
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when there is hemolysis in vivo. The procedure may 
have some value in differentiating certain forms of 
nonspherocytic hemolytic anemia from hereditary 
spherocytosis. 

Serologic Tests. A simple presumptiv'e test is 
performed by placing washed red corpuscles from 
fresh defibrinated blood in each of three test tubes. 
The first is incubated for 1 to 2 hr at body tempera- 
ture and then centrifuged. If hemoglobin is pres- 
ent in the supernatant serum, the presence of a 
marm hemolysin is suggested. The second tube is 
chilled for 20 min in cracked ice, then incubated 
for 1 hr and centrifuged. If the result is positive, 
the presence of a cold hemolysin is indicated. The 
test tube should be examined before it has been 
warmed. If only cold agglutinins are present and no 
hemolysins, it will be seen that the red corpuscles 
agglutinate in the cold but fail to hemolyze when 
the tube is warmed, the clumps disappearing in- 
stead. When cold agglutinins are present, one must 
be careful not to shake the cells too much while 
they are agglutinated in the cold, since they tnay 
hemolyze and give a false cold hemolysin test. The 
blood placed in the third tube is acidified with car- 
bon dioxide. If hemolysis is apparent after incuba- 
tion for 1 hr and subsequent centrifugation, in- 
creased acid hemohjsis is suggested. This test is 
positive in paroxysmal noctumd hemoglobinuria. 

When positive results are obtained in any one of 
these tubes, the test should be repeated with ade- 
quate controls and by the more complete procedures 
which are available. Thus, if a cold hemolysin ap- 
pears to be present, the Donath-Landstetner test 
should be carried out. 

The Coombs antighbulln test, as already indi- 
cated, has proved to be very valuable in helping 
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to danfy the heterogeneous group of acquired 
hemolytic anemias. The “direct" Coombs test is 
carried out simply by mixing the patients washed 
red cells with serum from rabbits immunized to 
human y-globulin and examining the mixture for 
agglutination. It serves to demonstrate the pres- 
ence of “incomplete" antibodies; i.e., those which 
are attached at some points on the surface of the 
red corpuscles and require a completing substance, 
such as antihuman globulin, to cause an agglutina- 
tion reaction to take place. A positive result has 
been observed in cases of idiopathic acquired 
hemolytic anemia, in that type of paroxysmal cold 
hemoglobinuria which is associated wi^ syphilis, 
and in many instances of "symptomatic” hemolytic 
anemia. The test has been negative in most cases of 
hereditary spherocytosis and is generally negative 
in sickle-cell anemia and in paroxysmal nocturnal 
hemoglobinuria, but in hemolytic anemia, because 
of various physical or chemical agents, it has some- 
times been positive. 

A positive direct Coombs test is abo observed 
when isoimmunization to la^o^^’n immune bodies 
has occurred, as in hemolytic disease of the new- 
born and in sensitization following transfusion. The 
"Indirect" test detects antibodies in the patient's 
serum. In the indirect test antihuman globulin 
serum is mixed rvith normal group O, Rh-positive, 
and Rh-negative red corpuscles which have been 
incubated in the pataent's serum. The resulting re- 
actions are shown in Table 235-3. If agglutination 
occurs with both Rh-posilive and Rh-negative cells, 
nh antibodies can be excluded and the conclusion 
drarvn that circulatory antibodies are present. 

In performing the Coombs test it is important that 
potent antiserum be used and adequate controls 


Table Z35-3. coombs test 


Hemolytic disorder 

Antihuman 
globulin serum 
mixed with 
patient’s 
RBCa 
{dirtcl) 

Antihuman globulin serum 
mixed with normal RBCs after 
incubation in patient’s serum 

1 (inrhrec/) 


RII+ 

Rfl- 

Acquired hemolytic anemia: 

IMth circulating antibodies 

+ 

+ 

-1- 

Without circulating antiboiiies 



- 

Due to Rh antibodies in Rh-h intant (erythroblasto^ fetafis) 

-f 


- 

Due to physical or cliemical agents ... . 

± 


— 

Congenital hemoh-tic anemia (hcreditarv spherocytosia)*. . . 

— 


— 

Stckle-cell anemia 

— 

1 

— 

Paroxj'smal nocturnal hemoglobinuria 

— 


- 

Paroxysmal cold hemoglobinuria (type associated with sypbilia) ., 

+ 

! 

- 


• Tlie occ.'wfonal finding of a positive re.ielion to the CoomIts te^t in this and in other hemolytic unemiaa where 
the tc«t result U usually negative is explained by BUperitnpoved, frequeatly Iraosient episodes ot acquired liemolytic 
anemia. 
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carried out. False negati\'e results may occur if the 
red corpuscles ha\e not been washed sufBcicntly or 
as a rcsiJt of a prozone reaction due to inadequate 
dOution of the scrum. Cold hemagglutinins may 
cause a false positKe reaction. 

The detailed elucidation of a case of hemolytic 
anemia of the antibody type wall often require the 
use of still other procedures, but these, in the main, 
are quite simple. They include ( 1 } the setting up of 
agglutination tests at various temperatures and in 
several media, such as isotonic sodium chloride 
solution and bovine albumin solution, vvlrich are 
helpful in demonstrating and characterizing the ag- 
glutinin, and (2) the treatment of the red corpus- 
cles with proteolytic €07)1065, such as papain and 
trypsin, which renders them more susceptible to the 
demonstration of antibodies. For the antibody tests 
it is necessary in some instances to use the patient’s 
own red corpuscles rather than any available group 
O red corpuscles, as is often tlie practice. 

Heinz Bodies. These are intracorpuseular struc- 
tures which probably represent denatured globin 
derived from hemoglobin in the course of an ir- 
reversible reaction with a toxic substance. 'The)’ 
appear as rcfractile, irregularly shaped bodies often 
lying at or close to the periphery of the red cells, 
sometimes attached to the outer surface of the cell. 
They range in size from minute particles to bodies 
up (0 3 in size. Several bodies may be present 
m the same cell but the largest ones usually appear 
singly. Tliey are not visible in blood films fixed in 
methanol and stained with Romanowsky dyes since 
the bodies and tlic surrounding hemoglobin stain 
the same pink color, but they can be stained supra- 
vitally by mixing a drop of blood with 4 drops of 
0 5 per cent methyl violet m saline solution or by 
using a saline solution of brilliant cresyl blue and 
c.xamining tlic preparation, after ringing it with 
petroleum jelly, under the oil immersion lens of tlic 
microscope. In methyl violet Heinz bodies stain 
deep purple; HowcU-Jolly bodies, which arc alwaj’s 
round, and Pappcnlieimer bodies slain darkly, d- 
most black with a bluish tinge. The reliculofila- 
menlous material of reticulocytes stains a pale blue. 
In brilliant cresyl blue Heinz bodies stain a dis- 
tinctly lighter shade of blue than the rcticulocj-tc 
substance. Heinz bodies can be produced in normal 
blood by mixing it with acetjlphenylhydrazine, but 
a great many more develop in “primaquine-sensi- 
tive" (p. 1291) red cells In addition, awidc range 
of aromatic nitrogen compounds of the nltrobra- 
zene series and those related to aniline arc capable 
of producing Heinz bodies. They have also been 
observed in an obscure t)pe of liemol)lic anemia 
unrelated to c.xposure to recognized toxic agents 
("inclusion body" anemia). 

Erjthrokinctic Studies. Tliesc techniques provide 
a means whereby cr)'tliri>c)1c production and de- 
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stnictlon can be quantitated. They also can be used 
to demonstrate whetlier the increased blood de- 
struction is due to intracorpuseular or extracor- 
puscular causes and to determine if the urcreased 
Iweakdown Is occurring mainly in the spleen or else- 
where, As a rule, however, such measurements arc 
not required to arrive at a diagnosis. 

Prognosis and Treatment. Prognosis and treat- 
ment depend on the nature and cause of the hemo- 
lytic disorder. The causative agent, such as a para- 
site or chemical, if discovered, must be removed. 
An acute attack of hemolysis requires rest, mainte- 
nance of fluid balance, and relief of pain. Blood 
transfusion may be dangerous if the cause of the 
hemolysis is extracorpuscular and still operating, 
for then the introduced blood may also be de- 
stroyed. Yet, when blood destruction is so acute that 
hemoglobinemla and hemoglobinuria are present, 
the possibility’ of death from circulatory collapse is 
so great that frequent and sometimes massive blood 
transfusions must be given, 

An important advance in the management of 
many cases of acquired hemolytic anemia is the 
discovery that the administration of adrenocortico- 
tropic hormone (ACTH) or of prednisone or other 
adrcnocorticosteroids will control the hemolytic 
manifestations. The latter are preferable since tiiey 
can be given orally As much os CO to 100 mg 
prednisone per 24 hr may be required. In some 
instances transfusion can be witliheld entirely, while 
In other cases, where the anemia is so severe that 
transfusion is necessary, blood can be given with 
much less cliance of a reaction if steroid therapy has 
been started As in the treatment of other disorders, 
Uie usual precautions, such as salt restriction and 
administration of potassium chloride, should he 
taken when these agents are used in the treatment 
of hcmoljlie anemia. 

Splenectomy, while almost invariably beneficial 
in hereditary spherocytosis, is much less successful 
in the acquired forms. Furthermore, if carried out 
in an acute hemolytic phase, the operative mortality 
is high. In idiopathic acquired hemolytic anemia, 
therefore, the hormones should be used first, at 
least in preparation for operation. Unfortunately, 
neither splenectomy nor hormone therapy is perma- 
nently helpful in all cases; in many the evidence of 
hemolysis returns when hormone therapy is inter- 
rupted. 

In some cases of “sy’mptomatic hcmoly tic anemia 
treatment of the underlying disorder, when possible, 
rebeves the hemolytic anemia as well. When this 
docs not occur, a trial of steroid therapy is justified. 
In certain instances splenectomy may be helpful, 
especially if leukopenia and thrombocytopenia are 
also present and the picture is that of "liypersple- 
nism.” 

Splenectomy is of no value in sickle-cell anemia, 
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tlialasscmia, or paroxysmal nocliimal hemoglobi- 
nuria. 

roroxfjsmal Cold Hemoglobinuria 

Tins is an uncommon disorder characterized 
the sudden passage of hemoglobin in the urine, 
following local or general c.vposurc to cold. Aching 
and pain in the back, legs, or abdomen, and other 
sjTOptoms of acute hemolysis, such ns a chill, fcx’cr, 
and malaise, arc associated with the passage of 
dark brownish urine. Oilier findings arc those char- 
acteristic of acute hemolytic anemia. Symiptoms 
may appear at any time from a few minutes to 7 
or 8 hr following e.tposurc. 

Donath and Lnndstcincr showed that the hemo- 
globinuria is due to the sudden intravascular he- 
molysis of hlood os tlic result of the action of an 
autohemolysin contained in the patients hlood. The 
hemolj’sin unites u’itli the red corpuscles only at a 
low temperature, but destruction of the corpuscles 
occurs only after the temperature of the blood has 
returned to body temperature. Appropri.ilc tests 
has'c been dex’ised to demonstrate such a coM 
hemolysin. At the time of hcmoI}tic attacks pro- 
duced by chilling, strongly positive direct anli- 
lobulin (Coombs) reactions have been observ'cd, 
ut they become negative after tlie attacks. The 
typical condition is n manifestation of syphilis, the 
congenital form particularly, and tliorough anti- 
syphilitic Uicrapy ends the clinical manifestations. 

A numl)er of cases have been described, horv- 
cver, fn which indications of syphilis u'cre lacking 
even though, in some of the eases, the Wassermann 
reaction was positive. Since false positive Wasser- 
mann and Kahn rcacUons arc not uncommon in 
acquired hcmoly’tic anemia of the autoantibody 
type, it has been suggested that paroxysmal cold 
hemoglobinuria is not c.xclusively a manifestation of 
syphilis and tliat some of the cases regarded as the 
typical condition of syphilitic origin may wdl have 
been examples of autoimmune hemolytic disease of 
the cold antibody type. 

Chronic Ilemohjiic Anemia tciih Foroxi/smal 
i\’oc/urnc/ Hemoglobinuria 
(Mflrc/iio/aca-Miche/i Syndrome) 

This is a rare disorder of insidious onset which is 
characterized by signs of hemolytic anemia and is 
marked by attacks of hemoglobinuria which occur 
chiefly at night. The symptoms are those of long- 
standing anemia, but there may be abdominal, lum- 
bar, or substemal pain, wbicb often ushers in an 
attack of hemoglobinuria. Tlie findings are similar 
to those in other hemolytic anemias and include 
splenomegaly and well-marked anemia. The osmotic 
fragility of the red corpuscles is normal and sphero- 
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cytosis is not characteristic. There may be hemo- 
globincmia even when there is no hemoglobinuria. 
Leukopenia is usual and may be marked, and there 
may be thrombocytopenia; the pancytopenia may, 
in fact, lead to an erroneous diagnosis of aplastic 
anemia. The urine contains increased amounts of 
urobilinogen as well as hemoglobin. Hemosiderin 
can often be demonstrated in the leukocytes or 
cpitlicllal cells of the urine. 

TTic fault appears to reside in the red corpuscles, 
whicli are unusually susceptible to acid hemolysis. 
A simple test for this has been described already 
(p. 1203). It has been suggested that the destruc- 
tion of the cells is promoted by the accumulation of 
carbon dioxide during sleep, an optimum acid pH 
being required for hemolysis to take place. The 
latter has been shoxvn to be brought about by the 
action of the properdin system. The components 
of this system arc properdin (a protein), Mg++, 
and cofaclors resembling complement, all of which 
are normal constituents of plasma. Normal human 
red cells arc not damaged by this system. The 
defect in PXH (parox)’smal nocturnal hemoglobi- 
nuria) led corpuscles which renders them suscepti- 
ble to the properdin system may possibly reside in 
the lipid pattern of the lipoproteins of their stroma. 

This disorder does not appear to be hereditary. 
Treatment is purely s)Tnptomatic. Splenectomy is 
of no value. The intensity of the hemolytic process 
AXtrics; crises of sex ere anemia may occur. iVansfu- 
sion of plasma usually precipitates hemolytic crises, 
but sahne-xvashed red corpuscles can be given 
xx’itli impunity. Although thrombocytopenia is com- 
mon, purpuric or hemorrhagic manifestations are 
unusual; in fact, Uirombatic complications are not 
infrequent. It has been found that the anticoagulant 
dicoumarin (Dicumarol) impedes hemolytic activity 
in this disease, but this drug is chiefly of importance 
fn order to prevent thrombotic complications. In- 
fections are frequent in these patients, partly, per- 
haps, because of the associated leukopenia. Prog- 
nosis X'arics greatly. Although a fatal termination 
m.ay ensue in several years, in some cases the dis- 
order has been compatible xvith life for many years. 

Hereditary Spherocytosis {Chronic Acholuric 
Jaundice, Spherocytic Anemia, Chronic Familial 
Icterus, Congenital Hemolytic Jaundice) 

Definition. This is a familial and hereditary dis- 
order characterized by spherocytosis, increased os- 
motic fragility of the red corpuscles, splenomegaly, 
and a variable degree of hemolytic anemia. 

History. Chiefly as the result of the observations 
of the French school, during the early part of the 
present century this familial disorder was clearly 
defined, becoming known as the type of Cbauflard 
and Mmfcowski. It xvas distinguished from the ac- 
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quired form of hemolytic anemia of Haj'cm and 
Widal. 

Etiology. Transmitted as a mendelian dominant 
trait by either parent, this disorder is due to an in- 
herited defect of the red corpuscles, which tend to 
be more spheroid than normal and tlius are more 
subject to destruction. The significance of spheroi- 
dicitv of the red corpuscles and of increased osmotic 
fragility and the role of the spleen have been dis- 
cussed already (p. 1292). 

Morbid Anatomy. The spleen is greatly enlarged, 
often weighing 1,000 to 1,500 Gm. The pulp and, 
to a lesser extent, the sinuses are greatly congested. 
Depending on the degree of anemia and the extent 
of blood destruction, hyperplasia and even meta- 
plasia of the bone marrow occur, and deposits of 
iron pigment are found in the liver, kidneys, and 
even lymph nodes. 

Symptoms. Jaundice and splenomegaly are the 
most common manifestations and may pass un- 
noticed for many years. A persistent sallow appear- 
ance rather than obvious jaundice may be present. 
Symptoms of anemia are usually absent or mild. At 
any tune from birth to late adult life, attention may 
be drawn to tlie disorder by the ctisc de diglobu- 
Itsalion, which is cliaracterizcd by fever, lassitude, 
palpitation, and shortness of breath or even violent 
abdominal pain, vomiting, and anoreska. Rather 
than being episodes of increased blood destruction, 
as has always been assumed, these crises have been 
observed by several investigators to be associated 
with sudden temporary cessation of blood forma- 
tion. Since the lue sp.in of the red corpuscles of 
congenital hemolytic icterus is very brief, anemia 
develops rapidly under these circumstances. It re- 
mains to be shown hoxv often such a mechanism, 
rather than hemolysis, is the cause of the crises 
which occur in this disease 

Tlie liver may or may not be enlarged. De\'elop- 
menlal anomalies are often present. A chronic leg 
ulcer may be found. Cholelithiasis is a frequent 
complication, and symptoms due to this cause may 
first bring the patient to the physician 

The anemia is xisually moderate in degree, but 
may be ^•e^y mild or severe. It is nonnocytic or 
simple microcytic in tjTpe but, when severe and as- 
sociated with marked rcliculocytosis, it can be 
macrocytic. There is bttle poikilocytosis, but small, 
bright, deeply staining red corpuscles (spherocyles) 
are often seen scattered among the cells of normal 
size. Reticulocytes ate characterutically increased 
in number, most often numbering 5 to 20 per cent. 
Polychromatophilia and normoblasts may be seen 
in the blood smear. The leukocytes are usually nor- 
mal in number or slightly increased, Tlie platelet 
count is generally normal. 

Increased osmotic fragility’ of the red corpuscles 


is characteristic. Hemolysis beginning at 0.64 per 
cent saline solution is not unusual and may be 
complete at the point where hemolysis normally 
begins. 

Bilirubinemta of the ‘'indirect** type and increased 
quantities of urobilinogen in the urine and stools, 
W'lthout bile in the urine (acholuric), are the char- 
acteristic changes in pigment metabolism. 

Diagnosis. Splenomegaly, icterus of the hemo- 
lyiie type, reticulocytosis, increased osmotic fragil- 
and presence of the anomaly in other members 
of the family are the characteristic findings. The 
Coombs test is negative except in occasional cases. 
In these it is likely that a superimposed acquired 
immunohcmolytic process has developed. ^Vhcn the 
picture is not entirely typical, a careful study to 
rule out otlier types of hemolytic anemia must be 
made, as outlined prexiously. 

It is especially important to distinguish cases of 
congenital nonsphcroctjiic hemolytic anemia, be- 
cause they have not been benefited by splenectomy. 
Although such cases resemble hereditary sphero- 
cytosis in their mode of inheritance, they differ in 
that the anemia is generally macrocytic, tjiere is 
often a moderate degree of ovalocytosis, and some- 
times there is conspicuous punctate basophilia. 
Spherocyles are not found, and osmotic fragility is 
normal The reported cases have not been identical 
In all respects, however, and probably represent 
several different disorders. This statement Is based 
on observation of morphologic differences, such as 
the presence of crenated and irregularly contracted 
corpuscles in some cases, Pappenheimer bodies in 
others, extreme variation in red cell size and shape 
In stiff others, and even increased resistance to saline 
hemolysis and the presence of target cells, as found 
in certain abnonn.al hemoglobin disorders. It has 
been shown that the reversibility of the metabolic 
lesion by adenosine, observed in certain cases of 
hereditary spherocy'tosis, did not occur in con- 
genital nonspherocytic hemolytic anemia. Studies of 
autohemolysis have revealed at least two forms of 
the nonspherocytic disorder. 

Treatment. Tliis is the one disorder in which 
splenectomy is associated with consistently satis- 
factory results. The operation is indicated in ever)' 
patient in whom clinical manifestations are present. 
Although remissions develop and latent periods of 
many years’ duration may occur, spontaneous re- 
covery does not take place. At operation, a careful 
search should be made for accessory spleens, and 
tliey should be removed if found. Following opera- 
tion, anemia, jaundice, and reticuloc^’tosis disap- 
pear. The osmotic fragility of the red corpuscles, 
however, as well ns tlie spherocytosis, may persist. 

During a crisis, repe.itcd blood transfusions must 
be given. 



THE HEMATOPOIETIC SYSTEM 
SICKLECELL ANEMIA AND OTIIEE 
ABNORMAL HEMOGLOBIN SYNDROMES 

DcEnition. SicVJe-ceR anemia is a hercditaiy and 
familial hemolytic anemia, essentially peculiar to 
Negroes and characterized by the presence of red 
corpuscles which, under appropriate conditions, as* 
sume sickle-shaped or oat-shaped forms. 

Etiology. Just as hereditary spherocytosis is rare 
in iVic Negro, sicWc-ccll anemia is c'ltremcly rare 
except in Negroes or when mUlure with Negro 
blood has occurred. The anomaly appears to be 
inherited as a mcndclian dominant characteristic. 
Inheritance of tlic abnormality' from only one par* 
cnl, the heterozygous stale, is represented by the 
sicUc-ccll trait, in which sicVhng of the red corpus- 
cles can be demonstrated but is not accompanied by 
symptoms of anemia. SicUc-cell anemia is the 
homozygous state in which one abnormal gene has 
been inherited from each parent. Siekle-ecll anemia 
possesses all the characteristics of a chronic hemo- 
lytic anemia with certain special features as well. 

From time to time c-xccplion has been taken to 
the hcterozygous-homozj’gous theory described 
above because of certain family studies which 
failed to demonstrate the sickle-ccll trait in both 
parents of children with sickle-ccU anemia and 
also because certain cases were obscn’cd which 
seemed to bo intermediate in their clinical m.mi> 
festations between tliosc of the severe hemolytic 
anemia of sickle-ccll anemia and the asymptomatic 
state, the sicklc*eell trait. The discovery of abnor- 
mal hemoglobins other than sickle-ccll hemoglobin 
has offered a reasonable explanation for these seem- 
ing exceptions. 

The discovery by Pauling and his associates that 
the electrophoretic mobilities of sickle-ccU anemia 
(S) and normal hemoglobin (A) differ led to estab- 
lishment of the principle tliat a molecular abnor* 
mality in a single protein may cause a sequence of 
events such as that whicli characterizes the com- 
plex disease, sicMc-cclI anemia. It svas show'n that 
in a buffer of suitable pH, the two components of a 
muturc of normal and sickle-cell hemoglobin mi- 
grate in opposite directions. Since the heme moiety 
is the same in sickle-cell and in normal hemoglobin, 
the electrophoretic differences rverc attributed to 
differences In the globm portion. 

These ins estigations were the first of an ingenious 
series of studies carried out with the aid of paper, 
starch gel, and oUier techniques for electrophoresis, 
and by means of ion exchange chromatography and 
various procedures for the study of protein struc- 
ture. As a result it has been learned that the globin 
of normal adult hemoglobin is made up of two pairs 
of polypeptide chains, each containing about 150 
ammo acids, now termed the alpha and beta chains. 
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Fetal hemoglobin is composed of two alpha chains 
and turn different chains, termed gamma chains. A 
very' small quantity of the latter persists, even in 
adult hfe. S^l another polypeptide chain is found, 
in small quantity, in normal adult hemoglobin. This 
has been designated the delta chain: tsvo alpha and 
hTO delta chains make up the so-called normal A 2 
hemoglobin. 

The application of the above techniques has 
uncovered a large number of "abnormal’' hemo- 
globins which differ from normal hemoglobin in 
one or more of sev’eral way’s; namely (1) replace- 
ment of one amino acid by another in the normal 
amino acid sequence of one of the peptides sep- 
arated from the e or /? polypeptide chains; (2) 
replacement of certain normal chains by other ap- 
parently normal chains; (3) absence of certain pep- 
tides. 

Thus, hemoglobin S differs from hemoglobin A in 
that s-aline replaces a glutamic acid in peptide 4 of 
the P chain. In hemoglobin C, lysine rather than 
valine replaces the same glutamic acid. In the type 
of hemoglobin G first found in San Jos^, glycine 
replaces a different glutamic acid in the same pep- 
tide. Hemoglobin E differs from hemoglobin A m 
that ly-sine replaces a glutamic acid in peptide 26 
of the p chain. In hemoglobin I glutamic acid re- 
places lysine in peptide 23 of the « chain Hemo- 
globin H differs from all others in th.tt it is com- 
posed of four p chains. Hemoglobin Bart’s, on the 
other hand, is made up entirely of y chains. In one 
form of hemoglobin D, peptide 26 of the P chain is 
absent. Ollier examples could be cited. 

Tlic number of abnormal hemoglobins is con- 
stantly increasing. In addition, various combina- 
tions of normal and abnormal polypeptide chains, 
or combinations of two or more abnormal polypep- 
tide chains may occur, as well as combinations of 
various abnormal hemoglobins with the thalassemia 
trait (p. 1302). These discoveries ate of great in- 
terest and importance in human genetic^ and 
anthropology. However, only a limited number of 
abnormal hemoglobins are associated with chnical 
manifestations. Some of these are presented in 
Table 233-4. 

It is natural that problems should have arisen in 
developing a suitable terminology for the abnormal 
hemoglobins. To distinguish it from normal adult 
hemoglobin (A) and from sickle-cell hemoglobin 
(S), die third type of adult hemoglobin which 'vas 
found xvas named C. The succeeding letters of the 
alphabet W’ere given to other hemoglobins, as they 
were uncovered, except for F, the letter reserved 
for fetal hemoglobin, ilowever, as abnormal hemo- 
globins have been discox’ered in different parts of 
the world, the same letter has been given to more 
than one hemoglobin. This has led to the practice 
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Tie. 235-3. ReJaUve mobilities of normal and abnormal 
hemoglobins on paper electrophoresis at pH 86. The 
mobiLty of hemoglobin M (Cliap. 237) is similar to 
tliat of normal hemoglobin (hemoglobin A). Other 
hemoglobins can be classiGed os slow (e.g , heiDOglobln 
S, this group includes the D hemoglobins and Stanley- 
ville II), venj slow (eg., hemoglobin C; this group 
includes the normal hemoglobin Aj as well as the ab- 
normal licmoglobms E and O), or modcratehj stow 
(eg., the G hemoglobins, tins includes L, P, Q, Lepore 
(Le), and St.-inlcysille 1). In addition, tliere are fast 
hemoglobins wlh electrophoretic rnobiblies faster than 
that of hemoglobin A. These include H, I, J, K, N, 
Norfolk, and Hopkins-1 and HQpkins-2. (Wlntrobc; 
“Clinical Hematology," Sth ed., riiilodclpliio, Leo 
Febiger, 1001.) 

of designating the abnormal hemoglobin according 
to the geographic area where it was first discovered, 
as well as by a letter; for example, Cmi 
W ith advances in knowledge concerning the chem- 
ical constitution of the x’arious hemoglobins, more 
exact terminology will undoubtedly be adopted; 
c-g-» 02 *^ for that found in sicUe-ccll blood to 
indicate the polypeptide chain in which tlie abnor- 
mality resides. Quite possibly, c\'en more specific 
designation will be adopted. For the purposes of 
the iolloxving discussion, however, these details are 
not essential. 

Sickle-ccll anemia was first described in Negroes 
in North America. In Africa a broad belt with high 
incidence of the sickling trait extends roughly across 
tlic middle third of the continent, the highest 
figures being in eastern and central Africa. The 
sickling trait, however, docs not seem to be present 
exclusively in the Negroes of Africa or in Negroes 
of African origin. It has been discovered in certain 
aborigines in southern India and southern Arabia as 
well as in Greece and southern Turkey. Instances 
of “sitkle-ccll anemia" described so far in white 
persons have been mainly in tliosc of Greek or 
Italian stock. These eases, it now appears, arc ex- 
amples of admixture of the sickling and the thalas- 
semia traits, not of homozygous sickle-ecll disease. 

The incidence of hemoglobin C b highest in 
West Africa. Surveys of randomly selected Negroes 
in the United Slates have ydcldcd values of 2 to 3 
per cent, as compared with 8 5 per cent lor hcroo- 
glolim S. Hemoglobin D has been found in, at most, 
0 -1 per cent of American Negroes and may well 
have originated in non-Ncgrocs. Actually nine types 
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of honoglobin D have been found. Hemoglobin E 
Is present in large numbers of Thais (13 6 per 
cent) and Cambodians (35 per cent) and appears 
to be a characteristic of tlie peoples of southeast 
Asia. It has been encountered frequently in asso- 
ciation with the gene for thalassemia. Nine hemo- 
globins C have been described; all are rare. Hemo- 
globin H is the first of a series of “fast” hemoglobins, 
so called because their anodal mobility in paper 
electrophoresis at pH S.G is faster than that of 
normal hemoglobin. Other “fast” hemoglobins in- 
clude I, ], K, and N. Still other abnormal hemo- 
globins have been described: hemoglobins L, O, P, 
Q, Lepore, Stanleyville 1 and II, Hopkins-1 and 
-2, Norfolk, F and P or Singapore-Bristol, Barts, 
and Alexandra. The clcclrophorctic mobilities of a 
number of the abnormal hemoglobins are illustrated 
diagrammatically in Fig. 235-3. 

Pathology. In sickle-ccll anemia, in addition to 
the signs of a chronic hemolytic anemia (normo- 
blastic hyperplasia of the bone marrow, hemosidero- 
sis), evidence of diiombosis, infarction, necrosis, or 
hemorrhage may be present, especially in the lungs, 
spleen, and nervous system. The spleen may be 
shrunk to a tiny, WTlnkled mass. 

Symptoms. In sickJe-cell anemia, Jaundice and a 
chronic anemia with few or no complaints are in- 
terrupted by periods of increased weakness, epi- 
sodes of acliing pain in the joints or elsewhere in 
the extremities, or sudden attacks of severe ab- 
doonna! pain which have often been mistaken for 
ruptured peptic ulcer, intestinal obstruction, or 
some other abdominal emergency. 

The victims of sickle-cell anemia are often poorly 
developed, and bony deformities of various types 
may be discovered. The scleras are icteric, and 
there may be slight general glandular enlargement, 
but splenomegaly is encountered in only about 15 
to 20 per cent of cases. Tlie heart may be enlarged, 
and the physical signs may closely simulate those 
of mitral stenosis due to rheumatic fe\-er. Hypos- 
thenuna is common. In many instances chronic leg 
ulcers are found over the internal or external mal- 
leoli. Roentgenograms may reveal radial striation in 
the skull, osteoporosis in the vertebral bodies, or 
other changes in the long bones. Osleomjehlis is a 
not-infrequent complication. 

The oncmia is usually surprisingly severe, er)’tli- 
rocy'te counts below 2 5 million being common. The 
anemia may be normocytic or macrocytic. Oval, 
dgar-shaped, or other bizarre forms of red cor- 
puscles may be seen in tlie stained blood smear. 
Tlie sicklmg is brought out clearly in wet films of 
blood which have been fixed under a cover glass 
and sealed with paraffin. In eases wiUi sickle-cell 
anemia the ijpital sickled and oat-shaped forms 
with elongated, pointed filaments appear within a 
few hours Ulicn only the sickle-cell trait exists, 24 
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hr is often required to produce Uils change and 
only a proportion rather than practically all of the 
cells are affected. By the use of reducing agents 
such as sodium bisulBle, sickling can be hastened 
and the characteristic forms appear promptly. 

In sicklcKjell anemia, reticulocytosis, pol)^}!^- 
matophilia, normobI.ists, leukocytosis with “shift to 
the left” in the myeloid series, and an increase in 
platelets are found as well as hyperbihrohinetnia 
and increased urobilinogen in the urine and stools. 
Osmotic fragility is decreased, not increased. The 
bone marrow shows striking normoblastic hyper- 
plasia. 

Carriers of hemoglobin C are asy’tnptomatic, hut 
target corpuscles arc found cliaracteristically in 
their blood. The homozygous slate, hemoglobin C 
disease, is associated witli s)'mptoms similar to those 
of sickle-cell anemia but in general much milder. 
Anemia is common but usually of moderate degree, 
rtormoc)lic or microcytic in t)pe, and accompanied 
by slight bilirubinemia. Under conditions which 
permit partial drying and partial hemolysis, crystal- 
lization of hemoglobin C occurs in vitro when the 
concentration of the abnormal hemoglobin in the 
red cells is sufficiently great. 

A number of instances have been discovered in 
which both S and C hemoglobin were demonstrated. 
Tl^e combination of hemoglobin C vvith S hemo- 
globin is accompanied by sickling of the red 
corpuscles as well as by a hemolytic sj'ndromc 
similar to sickle-ccII anemia hut differing in that 
the hemolytic anemia is milder, target cells ore 
more plentiful in the blood, and there is slowly 
progressisc splenomegaly. It is very probable that 
most of the cases formerly reported as forms of 
sickle-ccll anemia intermediate between the asymp- 
tomatic carrier slate and the homozygous classical 
disease were actually cases simultaneously hetero- 
zygous for S and C hemoglobin. 

Of the other abnormal hemoglobin syndromes, as 
outlined in Table 235-4, few are associated rvith 
clinical manifestations unless they occur in com- 
bination with hemoglobin S or tlie thalassemia gene. 
Hemoglobin E disease, the homozygous EE slate, 
is characterized as a rule by mild microcytic, normo- 
chromic anemia and minimal signs of hemolytic 
anemia. Target cells are plentiful. The size of the 
spleen is normal or only slightly enlarged. Hemo- 
globin H is unique in that it lias been demonstrable 
only when it was accompanied in the same in- 
dividual by anotlier genetic anomaly of hemoglobin 
formation, the thalassemia gene of a closely related 
disorder. Clinical manifestations suggest thalassemia 
but spontaneous denaturation of hemoglobin H 
within intact erythrocytes in vntro results in forma- 
tion of multiple inclusion bodies. 

Diagnosis. Sicklc-ccIl anemia is often mistaken 
for some other disease. Rheumatic fever, peptic 
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ulcer, renal or biliary calculus, osteomyelitis, and 
A^rious neurologic disorders may be sim^dated. 
Recognition depends on the demonstration l>f sick- 
ling and the finding of anemia of the hemolytic 
type. 

In distinguishing persons with the sickle-c^U trait 
who may have some disorder accompanied by 
anemia from those who have sickle-ccll anemia, 
it must be kept in mind that the former may develop 
any type of anemia, while in the latter the anemia is 
always hemolytic in type. 

Some of the distinguishing features of the other 
hemoglobinopathies and of disorders resulting from 
combinations of the sickle-cell gene with the genes 
for other abnormal hemoglobins or with the thalas- 
semia gene have been discussed already and are 
summarized in Table 235-4. The proportions of 
target cells present, the finding of intraciy'throcytic 
crystals, or the demonstration of inclusion bodies 
in the red corpuscles gives clues concernmg the na- 
ture of the disorder in question Paper electcophote- 
sis (Fig 235-3} and the alkali denaturation pro- 
cedure for the demonstration of hemoglobin F are 
simple and essential additional procedures which 
should be employed. For the elucidation of the 
more unusu.*!! s>mdromes, the cooperation of a lab- 
oratory is needed where special techniques for the 
study of the abnormal hemoglobinopathies are avail- 
able. 

Treatment and Prognosis. Since these abnormal 
hemoglobin syndromes represent inherited anoma- 
lies of hemoglobin formation, it is apparent that 
no treatment other than sj^iptomatic therapy can 
be provided. No method is known whereby the 
abnormal state can be altered. Fortunately a num- 
ber of these conditions are asymptomatic. Siclde- 
cell anemia, houever, is a serious disease which is 
ultimately fatal, often before the age of thirty. 
Death may result from intcrcurrent infection, renal 
or cardiac failure, thrombosis or hemorrhage in- 
volving vital tissues, or it may follow one of the 
abdominal crises. Blood transfusions are of little 
value except in the abdominal crisis if shock is 
present. Antianemic agents are of no value and 
splenectomy also has no place in therapy. 

The prognosis of hemoglobin C disease is good 
but that of sickle-cell-hemoglobin C disease is less 
favorable, although usually much better than that 
of sickle-cell anemia. As in that disease, acute in- 
farction of tile bone marrow and fat embolization 
play an important role in the pathogenesis of many 
of the acute manifestations of the disorder. Aseptic 
necrosis of the femoral heads is a curious complica- 
tion. The morbidity and mortality during pregnancy 
are usually great m hemoglobin S-C disease. 

Palhogcnesi's. The ratio of sickle-cell hemoglobin 
to normal hemoglobin in the blood of individuals 
witli the sickle-cell trait has been found to vary 
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Tabu S3S-i. BOMMART OP CSUAL n*JJ>tN03 W ABSOItVAt lIBMOOLOlUNOf-ATIlIES AVU TIIAHStiEMIA 


Condition 

lib 

types' 

Sickling 

Miero- 

ej-tosis 

Hypo- 

chromia 

Target 
relU*, ''/f 

Hemoijtie 

nncmii’ 

Spleno- 

megaly 

None — adult. ... . 

AA 

0 

0 

0 

0 

0 

0 

None — newborn . . . 

AF 

0 

0 

n 

0 

0 

0 

Traits": 








Sickle-ceU* 

AS 

+ 

0 

0 

4 

0 

0 

HbG‘ 

AC 

0 

0 

-h 

l-Itlf) 

a 

0 

HbD 

AD 

0 

Q 

0 

n 

0 

0 

HbE 

Ai: 

0 

U 

0 

n 

0 

0 

Ilb G‘ 

AG 

0 

0 

u 

0 

0 

0 

Ilb I 

AI 

0 

0 

0 

C2 

0 

0 

Di«eases: 








Sickle-cell anemia* . . 

ss 

-1-1- 

0 

0, + 

&-30 

++++ 

0 

Homozygous Hh C* * 

cc 

0 

+ 

+ 

30-100 

-f--!- 

-l-h 

Homozygous Hb H . 

EE 

0 

-h-h 

0 

25-00 


± 

Homozygous fib G* 

GO 

0 

0 

0 

0 

Q 

0 

Sickle-ceil-Hb C“ . 

HC 

+ 

± 

+• 

20-85 

+ + 


biek)e-cell-llb D* 

SD 

-1- 

-1- 

++ 

-h 

+ + 

+ + 

Sickle-ccll-IIb G 

SO 

+ 

0 

c 

0 

0 

0 

Tlialassemia minor 

AAi' 

0 

-1- 

+• 

+ 

-f-’ 

± 

Thalassemia major 

AV 

0 

++ 

+ +* 

10-35 

++*!' 

4-+++ 

Sickle-cell-thalft«?cnua* 

sr 

+ 

+ 

+* 

20-10 

-f-f 

4-4- 

Hb C-thalassoniia* 

CA 

0 

+ 

+* 

+ -!--l- 

4- 

0 

Hb E-thalassemla . 

EP 

0 

+ + 


10-^0 

++ 

4- 4- 4- 

Ilb O-tlialassemia (*) 

or 

0 

-1- 

-f 

+ 

+ 

0 

Hb H-thalassemia’’ 

All 

0 

+-1- 

-1-+ 

++ 

++ 

± 

Siekle-eell-hereditarj sphere- 








eytosis 

SA 

-f- 

+ 

0 

+ 

+*f 

4-4- 


* The major hemogiobm component is shown first In sicklc^cU anemia especially, there may a!«o Iw ft suhsiantlftl 
proportion of Ilb T 

* Osmotic fragility is reduced more or less proportionately to the number of target colls 

• Mechanical fragility and RBC survival corre«pond os a rule to the pre«cnce and degree cf hemoli tic nnemia. 

‘ Chiefly in Negroes. 

* Cases of sickle-cell anemia interinediatc m seventy between eickle-cell trait and sickle-cell anemia. 

* Sickle-cell disease m Caucasians 

’ Or polycythemia with microcytosis 

• In the majority of cases 

• rartial drying and partial liemolysis are Bssncialed with ciy-stallisation of hemoglobin. Rod-shaped erythrocytes 
with squared corners are seen in blood smear. 

'‘Inclusion bodies demonslrablo in rod eorpusdes. 

” No clearly defined hematologic abnormalities have been reported to bo associated with the inheritance of the 
following traits: J, li, L, N, O, P, Q The manifesbations of the Lepoie trait are like those of thalassemia minor: 
when Leporo is associated with the thnl.x<«cinia inut, the clmical picture is that of thalassemia major. 

• Basophilic stippling of the red corpuscles 

bocrce: Wintrobe, M. M , "Clinical Hematology,” Sth ed , Philadelphia, Lea & rebiger, 19GI. 


from 22 to 45 per cent, while the amount in the 
blood of those with sickle-cell nnemia has ranged 
from 76 to 100 per cent. The variations in the 
amount of sickle-cell hemoglobin have been ex- 
plained on the ground that the expression of the S 
gene may be under the mndif)ing inQuence of 
other genetic factors; the lower and higher propor- 
tions of S hemogiobm are a familial characteristic. 

Hemoglobin S is relatively insoluble. The sickling 
process seems to be best explained on the assurap- 
-tion that in the oxygen-unsaturated state the S 


hemoglobin molecule undergoes orderly orientation, 
forming, by specific linkage of the individual mole- 
cules, long chains of hemoglobin elements. Subse- 
quent parallel alignment of these elements results 
in birefringent tactoids, the sickled cell being a 
hemoglobin tactoid, thinly aeOed and somewhat 
distorted by the cell membrane. The clinical and 
hematologic manifestations and the pathologic 
changes found in sickle-cell anemi.\ can be ex- 
plained by the pccuLar physical properties of the 
sickle cell. The intracellular moleailar orlentatiou 
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produces the sickled fonn of the erj’throcyte. At 
decreased oxygen tensions the v^scosity of the whole 
blood and the mechanical fragility of the cijihro- 
cj'tes are significantly increased, owing to the as- 
sumption of the sickled form. With the increase in 
viscosity, a cycle is initiated in which the factors of 
stasis, lowered pH, and continuing oxygen uptake 
combine to augment the number of sickled cells and 
prolong the stasis. Plugs or masses of sickled 
erythrocytes become solid enough to occlude ves- 
sels, resulting in the "thrombotic" episodes asso- 
ciated with pain which are characteristic of flie 
disease. Erythrostasis limits access to cell-maintain- 
ing energy and also favors the sickled state. When 
red cells after stasis are released into free circula- 
tion, a certain proportion, having been fixed in 
irreversible sickled form, have also become more 
fragile in terms of mechanical trauma. Conse- 
quently, they are more than normally susceptible to 
the trauma associated with circulation. Increased 
blood destruction is the result. The development of 
these changes depends on the quantity of abnormal 
hemoglobin present; it is assumed that in the 
homozygous state the erythrocytes contain suffi- 
cient abnormal hemoglobin to result in sickling 
within the physiologic range of oxygen tensions. It 
is noteworthy that, although the heterozygous state 
Is ordinarily benign, splenic infarction has been 
observed in a number of persons with the sickle- 
cell trait who were subjected to conditions of 
greatly reduced oxygen tension. 

Many of the clinical manifestations of sicklc-cell 
anemia can be explained on the basis of obstruction 
of vascular channels by tangles of sickled erythro- 
cytes. Thus, the picture of shock presented by pa- 
tients with the abdominal crisis of sickle'Cell anemia 
may be due to the packing of sickled erythrocytes 
in small capillaries, thus remoxdng them from a 
functional status and adding Ui the anemia already 
present. The capillary hypoxemia would result in 
plasma loss, hemoconcentradon, and further stagna- 
tion. Bone pain may be due to distention of the 
intramedullary cavity of the bones by the vascular 
engorgement. In some cases there may be focal in- 
farction of bone marrow. It is possible that the 
irregular sclerosis visible in roentgenograms of the 
long bones is due to healing of such infarcted areas 
with scarring and subsequent osteoid deposition 
Other changes in the bones may perhaps be the 
result of hyperplasia compensatory to the increased 
blood destruction. 

THALASSEMIA (Cooley’s Anemia, Erythroblastic 
Anemia, Mediterranean Anemia, Target-cell 
Anemia, Familial Microcytic Anemia) 

Definition. An inherited disorder originally seen, 
in particular, in individuals living in countries bor- 
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dering the Mediterranean or in their offspring else- 
where, which is characterized by the presence of 
unusually thin red corpuscles, microcytosis, various 
degrees of anemia, and, when the anemia is severe, 
numerous nucleated red corpuscles. This concept of 
thalassemia has now been broadened, as wiU be 
described below. 

History. Cooley and Lee (1925) described a 
chronic progressive anemia commendng early in 
life, which was associated with a characteristic 
facies, splenomegaly, and a familial and racial in- 
cidence. Later it became clear diat this was the 
severe and fatal form of a disorder which in milder 
form is seen in adolescents and in adults. 

Etiology. Those first discovered to be affected 
were chiefly of ItaUan, Greek, SjTian, or Armenian 
parentage. In certain communities of Italians, the 
anomaly has been observed in as many as 20 per 
cent of those examined. The disorder is presumed 
to be due to the inheritance of a factor which leads 
to an anomaly of red corpuscle production. NVhile 
there is in Ais condition a disturbance in iron 
metabolism, the primary defect appears to be in 
hemoglobin synthesis. It was found that the led 
corpuscles in this disorder contain a variable and 
often large proportion of fetal hemoglobin, as in- 
dicated by the high resistance of the hemoglobin 
to denaturation in aqueous alkaline solutions as 
well as by other physical properties. In the severe 
fom of the disease, the electrophoretic pattern of 
the hemoglobin resembles a mixture of normal and 
fetal hemoglobin. This led to the suggestion that the 
gene governing this disorder blocks the production 
of normal hemoglobin and causes the production 
of fetal hemoglobin as a compensatory phenome- 
non. The mode of inheritance is that of a recessive 
trait. In the heterozygous state, when only one 
allele is inherited (thalassemia minor), the inter- 
ference with hemoglobin synthesis is not serious. In 
the homozygous condition, when two alleles are 
inherited, one from each parent (thalassemia 
major), there is a drastic reduction in normal hemo- 
globin production. 

Subsequent studies showed that thalassemia af- 
fects many of the peoples of the Eastern Hemi- 
sphere and tiiat a whole spectrum of disorders can 
Iw included under this heading. Not only is this 
trait encountered in the Mediterranean basin, but a 
high incidence occurs in Thailand and elsewhere 
in the Far East. Furthermore, the range of severity 
is much broader than defined by the above hvo 
categories, thalassemia minor and thalassemia 
major. 

Three observations have proved of great impor- 
tance in the elucidation of the thalassemia states. 
First is the demonstrab'on by starch block electro- 
phoresis of a component of normal hemoglobin, Aj, 
which moves more slowly than the major com- 
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poncnt of normal adult hemoglobin. This is thought 
to be composed of two a polypeptide chains and a 
pair of distinctive chains, termed S cliains. In the 
majority of persons with the thalassemia trait the 
quantity of hemoglobin Aj is greater than normal 
(ie., above 2.54 ± 0.35 per cent). However, a 
minority are found without such an increase. In 
some individuals with normal or low hemoglobin 
Aj tliere has been evidence of double heteron-gosity 
for thalassemia and hemoglobin H, hemoglobin I, 
or some other, unidenliKcd abnormal hemogle- 
bin. 

It has been noted, in addition, that in some in- 
stances of thalassemia major, tlic production of 
normal adult hemoglobin is suppressed. Again, as 
already mentioned, fetal hemoglobin is found in 
increased amounts. However, in thalassemia minor, 
the amount of hemoglobin F is normal or mimm.'iUy 
elevated as a rule; )el, m several instances, large 
amounts of hemoglobin F ha\e been demonstrated. 
In these and other observations support is found for 
the concept that there are several N'arictics of 
thalassemia. In addition, there are the cases in 
which Uie thalassemia trait is clearly associated with 
one of the abnormal hemoglobins, such as S, C. E, 
and H. It is possible that hemoglobin Aj is In- 
herited as an independent system, and this may be 
true also of hemoglobin F. A specific thalassemia 
hemoglobin abnormality has not been identified, 
but It IS conceivable, at least, that such an abnor- 
mality exists but has remained in hiding because 
the aberrant amino acid sequence may be of such 
a nature that the hemoglobin produced is electro* 
phoretically normal In essence, then, the spectrum 
of disorders which has been included under the 
designation of tlialassemia, as recognized clinically, 
may represent a great \ariety of inherited abnor- 
malities, joined in various combinations. 

Symptomatology. The full-blown disorder (t/io- 
hssemia major, Coalcijs fliiemi'a) develops insidi- 
ously \vithin tlie first year or t«o of life, perhaps at 
birth, and is marked by pallor and great enlarge- 
ment of the spleen and even the liver. The appear- 
ance of the child is often mongoloid. Roentgeno- 
grams reveal great tiiickening of the diploe of tlie 
skull with perpendicular stnntion. Increase m the 
medullary portion of the long bones with thinning 
of the cortex, and other changes attributable to the 
extreme hyperplasia of the hone marrow. Anemia 
is sex ere, hypochromic and microcytic in type, and 
the red corpuscles contain so little pigment and arc 
so thin that their “buckling” produces forms whidi 
haxc the appearance of targets. Fragility tests in 
hypotonic saline solutions reveal that Uic corpuscles 
arc unusually resistant to hemolysis by this means. 
Normoblasts and microblasts, as well as poly- 
chromatophilia, basophilic stippling, IlowcH-Jolly 
bodies, and inodcr.ite rcticulocylosis, in addition to 


leukocytosis (19,000 to 25,000 per cu mm) with 
“shift to die left,” reflect the myeloid hyperactivity'. 
There is usually sliglit or moderate bilirubinemia, 
vvith a corresponding increase in the urobibnogen 
content of the urine and stools. 

Tlialaisetriia minor may pass entirely unnoticed, 
painstaking examination may be necessary to reveal 
any abnormality. Slight anemia, splenic enlarge- 
ment, microcytosis and hypochromia, target cells, 
poikilocytosis out of proportion to the existent ane- 
mia, decreased hypotonic saline fragility, basopliilic 
stippling of die red corpuscles, and bilirubinemia 
arc some of the signs which, singly or in various 
combinations, mark this disorder, noenlgcnographic 
changes in the bones similar to, though less pro- 
nounced than, those found in the severe form may 
be observed. 

The Verm thalassemia tninfmo has been applied 
to instances in which manifestations are very 
slight. Additional designations and clinical sub- 
divisions bav'c been proposed for other variations of 
the clinical picture, since such a wide range is 
observed. Little is to be gained from such a classi- 
fication, liowever. Microdrepanocytic disease is the 
name given to the combination of sicUe-ccll and 
th.'il.'issemia genes which results in a chronic hemo- 
lytic anemia with some of the characteristics of 
bodi sickle-cell disease and thalassemia. 

Diagnosis. The various forms of congenital hemo- 
lytic anemia, as well as plumbism and other ac- 
quired forms of "refractory" anemia, must be dis- 
tinguished from dialassemia. The clinical and 
hematologic manifestations of some of the hemo- 
globinopathies which may be associated with tha- 
lassemia .-ire presented in Tabic 233-4. Thalassemia 
minor and minima have occasionally been confused 
with polycythemia vera because the erytluocyte 
count may be greater than normal. However, in 
such cases the hemoglobin and volume of packed 
red cells are usually slightly below the average 
normal values since the red copuscics are micro- 
cytic and hypochromic. 

Prognosis. The severe form is fatal. Prognosis is 
more grave die earlier the disease becomes mani- 
fest. Less sev'cre forms are compatible with life, and 
the mildest forms may even have no Influence 
whatever on life span. 

Treatment. AV'ith the exception of the rare forms 
of hyi>oehromic, microcytic anemia which were dis- 
cussed earlier (p. 12S0), this is the only form of 
hypochromic microcytic anemia in man which does 
not respond to iron dierapy. Splenectomy is of no 
value, os a rule, nor are any other measures now 
known. 

Pathology. Evidences of pronounced myeloid 
hypcpiasia, both medullary and extramedullary, 
the effects of such changes on the hones, and de- 
posits of iron-containing pigment in the liver, pan- 
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crcas, and oilier tissues arc llic most signiGcant 
findings. 


AXEMIAS ASSOCIATED UTTII INFECTIONS 
AND VARIOUS OTHER DISORDERS, 
CIUEFLY CHRONIC 

In tlie preceding sections, anemia resulting from 
blood loss, as well as anemias due to excessive blood 
dcstniclion and those assoeialcd with deficiency 
of certain factors concerned in crjtliropoicsis, were 
discussed. Tlie characteristics of these anemias are, 
in the main, well defined, and much has been 
learned in recent years about tlieit pathogenesis. 
The hcmol) tic anemias and the specific nutritional 
dcGcicncy anemias are, however, rclat5>'ely uncom* 
mon. Far more frequent in oecurrence and yet 
much less well understood are the anemias associ- 
ated with various chronic disorders and with in- 
fection. Such anemia is usually only moderate in 
degree: hemoglobin values of 13 to 10 Cm per 
100 ml of blood are seen more frequently than 
lower values. The anemia is usually normocytic, 
and in the smear the red corpuscles generally sliow 
little abnormality in size or shape, a monotonous 
picture unaccompanied by polycliromatophilla, 
basophilic stippling, or nudoated red corpuscles. 
Exceptions are found in lead poisonings where 
basophilic stippling is cluractcristically seen; in tlie 
so-called tntjclopliihisle anemias, such as Uiosc as- 
sociated wi’Uj metast.'ises to tlie bone marrow, leu* 
hernia, multiple myeloma, or myelosclerosis; and in 
scN'cre renal disease. There, often corresponding 
rather closely to the gravity of the renal disorder, 
as manifested by the degree of retention of nitrog- 
enous and other waste products, hemoglobin values 
as low as 5 Cm per 100 ml are found; and the 
blood smear may reveal normobl-ists, stippling, and 
moderate anisoc}'tosis and poihilocytosis. The ane- 
mia may be somewhat microcytic or hypochromic, 
and occasionally is macrocytic. If the renal disease 
has been insidious in onset and is chronic in type, 
the clinical manifestations and the anemia may be 
quite confusing unless one is aware that striking 
degrees of anemia may be encountered in the ab- 
sence of impressive signs of renal disorder. 

The bone marrom in these conditions shows -noth- 
ing characteristic. The nucleated red corpuscles 
are of the normoblastic type. Tlie marrow may ap- 
pear hyperplasb'c, normal, or hypoplastic. Hyper- 
plasia of the leulcopoiedc tissue is found u the 
disorder is one which calls forth a leukorytic 
response. 

Tlie pathogenesis of the anemia in these condi- 
tions has been discussed elsewhere (p. 206). It 
seems likely that some fault in the construction of 
red corpuscles is an important underlying mech- 
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anism in their development. In any event, tlie im- 
pact of infection on erythropoicsis is such that no 
form of antianemic therapy, such as the admin- 
istration of vitamin B12 or of iron, lias any influ- 
ence. The anemia disappears spontaneously if the 
infection is successfully treated, or subsides as the 
result of the defense reactions of the host. Similarly 
the anemi.i of renal insufficiency is closely lied witli 
tlie underlying disorder and is generally not influ- 
enced by measures other than those which affect 
renal function. 

It is both interesting and curious, therefore, that 
the oral administration of cobaltous chloride, in 
doses ranging from 20 to 160 mg per day, generally 
in the form of 20-mg-si2c, enteric-coated tablets 
taken with meals, has been observ-ed to produce a 
modest reticulocytosis and a significant moderation 
in the degree of anemia both in cases of anemia 
accompanying clironic infecb’on and in that associ- 
ated with renal disease. In tlie latter, appetite may 
improve and there may be increased tolerance for 
the medications necessary to correct electrolj’te ab- 
normalities. There is no evidence that cobalt tlier- 
apy alters the course of renal disease, and the bemo- 
globin has been found to return to pretreatment 
levels after cobalt administration bas been dtsenn- 
tlnucd. The mode of action of cobalt is obscure, but 
it is generally assumed that it sorv es as a nonspecific 
cr}lhropofctic stimulant ratlier than as a specific 
nutritional component required for red cell or hemo- 
globin production. 

Malignant disease is not necessarily accompanied 
by anemia. Anemia accompanies malignancy in the 
alimentary tract more often than elsewhere. In such 
eases nutritional deficiency may play an important 
role in the pathogenesis of the anemia, and in many 
cases blood loss is also a contributory factor. Malig- 
nant disease of the kidneys, breast, prostate, thy- 
roid, and lungs, in particular, may metastasize to 
bones, and in such an event "myelophthisic” ane- 
mia may develop. The picture then may be that of 
a pancytopenia (see p. 1325), or a leukemoid pic- 
ture may result. The latter is marked by leukocy- 
tosis together with a moderate “shift to the left” 
in the leukoGj-tic formula, and normocytic anemia. 
When a number of nucleated red corpuscles also 
appear in the peripheral blood, as they sometimes 
do, the tenn hukoerijibroblastic anemia appro- 
priately describes what is found. The pathogenesis 
of myelophthisic anemia was discussed briefly else- 
where (p. 207). 

Endocrine insufficiency may be associated with 
anemia. Hypothyroidism is often accompanied by 
anemia of moderate degree. This is usually normo- 
cytic but can be macrocytic (p. 214). Slight or 
moderate anemia, usually normocy-tic, is found in 
Addison's disease and in pituitary insufficiency 
(Simmonds* disease). 
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As already described, tbe anemia of iron defi- 
ciency is liypocbromic microcsiic in hpe, and ibat 
due to lack of anU-pemicious-ancmia principle and 
rclatctl substances is macrncjtic. Frolc/n deficiency 
is cliaractcrized by the presence of normocj-tic ane- 
mia. Deficiencies of tbe various B s’ilamins arc 
rarely encountcrerl in man in pure form. Multiple 
nutritional deficiencies arc associated, as a rule, 
with only moderate anemia, usu.illy normocjiic in 
t)pe. 


BLOOD TRANSFUSION 

Uses of Blood Transfusion. By far the most im- 
portant and most frequent uses of ufioh blood 
trans/iijion are to restore blood volume after hemor- 
rliagc, trauma, or bums and to maintain tlic con- 
centration of circulating bemoglobin at on adequate 
level in tliosc types of anemia wliicli cannot be re- 
lim-cd by specific measures such as liver or iron 
therapy. 

The extent to which blood m.iy be lost when 
hemonliage occurs within a viscus or a muscle mass 
is frequently underestimated. LiVmvise It is not 
easy to judge the degree to which plasma Iws liecn 
depleted by leakage or how many red cells have 
been lost by hemoljsis after a scscre bum. Scs’cre 
arterial h)-potension following a traumatic injuiy or 
an event suggesting the possibility of a concealed 
hemorrhage, in llie absence of evidence of other 
causes, is indicative of a blood volume deficit et- 
coeding 30 per cent, ic., 1,500 ml or more, \^’hen 
the blood volume deficit Is 20 per cent or less, 
patients arc unlikely to exhibit markevl hypotension 
os long ns they rem-vin in the horizontal position. 
In general it may be s.ii<I that it is more common to 
underestimate than to overestimate the amount of 
blood needed in the management of shock and to 
restore blood which has been lost. 

Blood Suhtfilufcs, It should be emphasized that 
no substitute for whole blood lias been found 
which is in any way comparable to the value of the 
red ccrpuJclcs anil pl.ismi. However, if whole blood 
1 $ not available to restore blood volume, substitutes 
must be cmployctl in emergencies. Of tliese. blood 
pkisma is the best and in the diy form can be 
transported easily and kept ready at liand, but the 
danger of transmitting tbe vims of homologous 
strum hepatitis is so great that the use of pooled 
plasma cannot be recommended Next in order of 
cficctiscncss Is scnim albumin, which has a physio- 
logic rflect closely approaching tliat of plasma. 
Houercr. It is very espensive. For tliis and other 
reasons much attention has been gben to the de- 
xclopmcnt of “plasma expanders," $ut«t.mcea of 
such physicochemical properties tliat they wdl over- 
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come tlic disparity between tlic c.ipacity of the clr- 
aibtory' system and tlic circulating blood volume 
that c-xists in shock. Of those the gelatins possess 
the fewest disadvantages, but dextran, a biosyn- 
thetic polysaccharide, lias been found to be verv 
effective and is being used more and more. It shoulil 
be borne in mind that the plasma expanders should 
be employed only for the immediate emergency 
rather than repeatedly. 

\Micn shock is clearly not due to blood loss, 
transfusions arc often withheld on the ground tliat 
such treatment is futile and may be dangerous 
Nevertheless, where doubt exists concerning the 
nature of the shock, whether oligemic or nonoli- 
gemic, the administration of whole blood, plasma, 
or packed cells is justified and is not likely to be 
harmful. In nonoUgemic shock pressor amines, such 
as norepinephrine, have been found useful, but 
such agents have been effective os interim tlierapy 
even in oligemic shock until whole blood could be 
obtained. 

In Uie management of anemia other than that 
due to the acute loss of blood, blood transfusions 
ore commonly used more generously tlian is neces- 
sary or desirable. Tlie discovery of such anemia 
calb for careful study to determine its cause, rather 
tlian U)c bhnd administration of blood. Thus there 
is no justification for blood transfusion in iron- 
deficiency* anemias or in Oie macrocytic anemi.'U 
with megalobl.'istJc bone marrow unless the anemia 
b c-xtrcmely severe or unless surgical measures must 
be carried out at once. The patient who has such 
anemia h.is become adjusted to it, and the sudden 
change produced hy transfusion is unnecessary. A 
physiologic response can l>e aclvicvcd by oral iron 
therapy or vitamin B 12 or folic acid administration, 
according to die nature of the deficiency. Again, in 
anemia associated with infection or In the manoge- 
ment of the onemia of leukemia, Hodgkin's dise.ise. 
or other disorders, the treatment of the underlying 
condition, whenever possible, is preferable to 
blood transfusion. Even in tlie management of 
aplastic anemia or otlier forms of anemia for wbitb 
no specific therapy b available, it is belter to give 
only CTough transfusions to maintain the hemo- 
globin at a level consistent with reasonable activity 
rather than to attempt to maintain a normal level 
Thereby the risk which each transfusion presents is 
reduced and the accumulation of iron in the tissues 
is less. Such patients ore often maintained quite 
satisfactorily at hematocrit levels between 33 and 
-10 ml per lOO ml blood. 

Whole blood, pkisma, or .albumin can be used to 
restore the colloiil osmotic pressure of plasma to 
physiologic levels in cases of hypoprolcincmii. 
Intravenous injections of salt-poor human serum 
albumin are partic*uLirIy valuable In certain patients 
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with hepatic cirrhosis and ascites, the nephrotic 
spdromc, idiopatliic h)'poproteinemi3, and the 
edema o{ malnutrition. 

As a means for providing protein nutrients in 
patients restricted to parenteral feeding, other than 
as a temporarj’ measure, intravenous injections ol 
whole plasma or of serum albumin arc impractical. 
This is because of tlicir colloid osmotic activity and 
the conseejuent expansion of the recipients plasma 
volume. ^Vhole blood is even less valuable as a 
protein nutrient, in spite of its high protein content. 
Tliis is not only because of the expansion of the 
patient's plasma volume thereby, but also because 
the contribution of the protein in the r««i cor- 
puscles to the protein metabolic pool must await 
the natural destruction of the red corpuscles. 

There is no sound basis for the use of transfusions 
in the management of the great majority of infec- 
tions. It is true that blood transfusions have been 
employed effectively for the transfer of specific im- 
mune anybodies from convalescent donors to sus- 
ceptible contacts where measles, mumps, and yel- 
low fe\cr haTO been present in epidemic form, and 
immune transfusions Wvc been considered to be of 
value In treating certain infections, notably herpes 
ophllialmia and scarlet fever. However, other meth- 
ods are now available lor the management o! most 
of these conditions. 

\\’holo blood transfusions, pl.isma, or plasma 
fractions also can provide specific clotting factors 
which may be lacking in certain patients, such as 
antihemophilic globulin (fraction I), prothrombin, 
factors V (Ac-globulin) and VH (spea), and 
fibrinogen. Fresh normal plasma is capable of re- 
storing all clotting factors and is particularly ncccs- 
sarj’ for supplying factor V and the antihemophilic 
factor. Stored plasma can be depended on only for 
prothrombin, factor VII, factor IX (the plasma 
thromboplastin component, PTC), and fibrinogen. 
\Micn equipment constructed entirely of plastic or 
coated material is used, fresh blood transfusions may 
also seivc temporarily for the successful transfer- 
ence of blood platelets from one person to another. 
As a method of treating conditions where leukocytes 
are needed, this procedure is as yet neither practical 
nor very successful. 

Finally, the removal of blood possessing patho- 
genic properties and Us replacement with normal 
blood (exchange transfusion) is a valuable pro- 
cedure in special circumstances as, for example, in 
certain cases of hemolytic disease of the newborn 
(erj'tliroblaslosis fetalis). 

Although additional therapeutic benefits have 
been ascribed to blood transfusions, their valoe and 
therapeutic rationale remain unproved. Their use to 
“pep up” a patient who is not anemic and whose 
blood volume is normal is certainly unwarranted. 
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Risks Inherent in Blood Transfusion. The risk 
inherent in Wood iransfusion Is not inconsiderable. 
In spite of the general knowledge of the danger of 
a hemolytic transfusion reaction resulting from mis- 
matching of the major blood group antigens A, B, 
and D IRb), and notwithstanding tbe care taken 
to avoid such errors, the incidence of hemolytic re- 
actions to blood transfusions is substantial (Table 
235-5). The mortality of hemolytic transfusion re- 
actions Is approximately 50 per cent. Furthermore, 
as discussed earlier (Chap. 47), there is a good 
chance of immunizing a recipient to one or more of 
the blood group antigens not tested for in the rou- 
tine preparation for transfusion. It is noteworthy 
that the risk from sensitization is increased if a 
woman is transfused \vith blood from her husband 
or one of his relatives because of the possibility of 
her having been previously sensitized during preg- 
nancy to a blood group substance foreign to her 
but inherent in the fetus. There is also the risk of 
erythroblastosis fetalis in subsequent pregnancies 
if sensitization occurs as a result of the transfusion. 

In addition to hcmolyiic transfusion reactions, 
febrile or pyrogenic, anaphylactic, and infectious 
reactions may occur. Pyrogenic and urticarial re- 
actions are usually mild and may be induced by 
small thrombi in me transfused blood, soluble toxic 
substances in new rubber tubing, improperly 
cleaned tubing, or insufficiently sterilized solutions 
which may contain small amounts of bacterial pyro- 
gen. Of great seriousness are reactions due to the 
administration of blood heavily laden with dead or 
viable bacteria which ha\‘e gained access to the 
blood by accident. Seium hepatitis is another seri- 
ous and not completely avoidable complication of 
blood transfusion. There is also the possibility of 
transmission of malaria or of syphilis, but this can 
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As already described, the anemia of iron defi- 
clcnctj is hjpocliromic microcytic in type, and that 
due to lack of anti-pemidous-anemia principle and 
related substances is macrocytic. Trotcin d^denetj 
is eharacterfaied by the presence of nonnocytic one- 
mia. Deficiencies of the various B vitamins are 
rarely encountered in man in pure form Multiple 
nutritional deficiencies are associated, as a rule, 
with only moderate anemia, usually normoc)'tic in 
type 
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Uses of Blood Transfusion. By far the most im- 
portant and most frequent uses of tc/iofe blood 
transfusion are to restore blood volume after hemor- 
rhage, trauma, or bums and to maintain the con- 
centration of circulating hemoglobin at an adequate 
level in tliose t)pcs of anemia which cannot be re- 
lieved by specific measures such as liver or iron 
therapy. 

The extent to whicli blood may be lost when 
hemorrhage occurs within a viscus or a muscle mass 
is frequently underestimated. Likewise It is not 
easy to judge the degree to which plasma has been 
depleted by leakage or how many red cells have 
been lost by hemolysis after a severe bum Severe 
arterial hypotension following a traumatic injury or 
an event suggesting the possibility of a conce.aled 
hemorrhage, in the absence of evidence of other 
causes, is indicative of a blood volume deficit ex- 
ceeding 30 per cent, i c., 1,500 ml or more. When 
the blood volume deficit is 20 per cent or less, 
patients are unlikely to exhibit marked hypotension 
as long as they remain In the horizontal position 
In general it may be said that it is more common to 
underestimate than to overestimate the amount ot 
blood needed m the management of shock and to 
restore blood which has been lost. 

Blood Substitutes. It should be emphasized that 
no substitute for whole blood has been found 
which is in any way comparable to the value of the 
red corpuscles and plasma. However, if whole blood 
IS not available to restore blood volume, substitutes 
must be employed in emergencies. Of these, blood 
pl.'isma is the best and in the dry form can be 
transported easily and kept ready at hand, but the 
tbnger of transmitting the vims of homologous 
scrum hepatitis is so great tliat the use of pooled 
plasma cannot be recommended Next in oi^er of 
effectiveness is serum albumin, which lias a physio- 
logic effect closely approaching that of plasma. 
However, it is veiy expensive. For this and other 
reasons much attention has been given to the de- 
velopment of ‘'plasma expanders," substances of 
such ph> sicochcmical properties tliat they wiU over- 
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come the disparity between tlie capacity of the cir- 
culatory system and the circulating blood voluine 
that exists in shock. Of these the gelatins possess 
the fewest disadvantages, but dextran, a biosj-n. 
thetic polysaccharide, has been found to be v^r)- 
effective and is being used more and more. It should 
be borne in mind that the plasma expanders should 
be employed only for the immediate emergency 
rather than repeatedly. 

When shock is clearly not due to blood loss, 
transfusions are often withheld on the ground that 
such treatment is futile and may be dangerous. 
Nevertheless, where doubt axists concerning the 
nature of the shock, whether oligemic or nonoh- 
gemic, the administration of whole blood, plasma, 
or packed cells is justified and is not likely to be 
harmful. In nonoligemic shock pressor amines, such 
as norepinephrine, have been found useful, but 
sucb agents have been effective as interim therapy 
even in oligemic shock until whole blood could be 
obtained. 

In the management of anemia other than that 
clue to the acute loss of blood, blood transfusions 
are commonly used more generously than is neces- 
sary or desirable. The discovery of such anemia 
calls for careful study to determine its cause, ratlicr 
than the blind administration of blood. Thus there 
is no justification for blood transfusion in iron- 
deficiency anemias or in the macrocytic anemias 
with megaloblastic bone marrow unless tlic anemia 
is extremely severe or unless surgical measures must 
be carried out at once. The patient who has su<:h 
anemia has become adjusted to it, and the sudden 
change produced by transfusion is unnecessary A 
physiologic response can be achieved by oral irun 
therapy or vitamin Bu or folic acid administration, 
according to the nature of the deficiency. Again. <n 
anemia associated with infection or in the manage- 
ment of the anemia of leukemia, Hodgldns disease, 
or other disorders, the treatment of the underlying 
condition, whenever possible, is preferable lo 
blood transfusion. Even in the management tjf 
aplastic anemia or other forms of anemia for which 
no specific therapy is available, it is better to give 
only enough transfusions to maintain the hemc). 
globin at a level consistent with reasonable activity 
rather than to attempt to maintain a normal level. 
Thereby the risk which each transfusion presents is 
reduced and the accumulation of iron in the tissue 
is less. Such patients are often maintained quite 
satisfactorily at hematoent levels bebveen 35 and 
40 ml per 100 ml blood. 

YNTiole blood, plasma, or albumin can be used to 
restore the colloid osmotic pressure of plasma to 
physiologic levels in cases of hypoproteinemi^. 
intravenous injections of salt-poor human seniin 
albumin are particularly valuable In certain patientj 
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ERYTHREMIA 
(Polycythemia 
Rubra Vera) 

M. M. Wintrohe 

Definition. Erytlwemia, also knownr as Vaquez’ or 
Osier’s disease or splenomcgalic polycydbemia, is a 
disease of unknown etiology and of insidious onset 
and slow, chronic course. It is characterized by a 
striking absolute increase in the quantity of circu- 
btrng red corpuscles and, often, by evidence of in- 
crease production of myeloid leukocytes and even 
of platelets. Splenomegaly and a red “cyanosis” of 
the skin, as well as increase in the viscosity of the 
blood and in the total volume of the blood, are 
additional features of this disorder. 

History. I'aquez in 1S92 described a case of 
polycythemia which he had originally attnbiited to 
congenital heart disease. Osier gave a more com- 
plete description in 1903. 

Etiology and Pathogenesis. The term polycythe- 
mia signifies an increase above the normal in the 
number of red corpuscles in the circulating blood. 
This Increase usually, though not always, is accom- 
panied by a corresponding increase in the qvtantity 
of hemoglobin and in the volume of packed red 
corpuscles. The increase may or may not bo asso- 
ciated with an increase in the total quantify of red 
cells in the body. It is important to distinguish be- 
tween absolute polycythemia (an increase in the 
total red corpuscle mass) and Telaticc polycythe- 
mia, which occurs when, through loss of blood 
plasma, the concentration of the red corpuscles 
becomes greater than normal in the circulating 
Wood. This may bo the consequence of abnormally 
lowered fluid intake or of marked loss of body 
fluids, such as occurs in persistent vomiting, severe 
diarrhea, copious sweating, or acidosis (Chaps. 13, 
50) . Loss of electroly te from the extracellular com- 
partment, when not accompanied by corresponding 
loss of water, leads to a decline of osmolar con- 
centration in the extracellular fluid The resulting 
shift of water into the tissue cells may produce 
relative polycythemia, sometimes of high grade. In 
certain types of peripheral circulatory failure there 
is a loss of plasma into the interstitial fluid. Sucli 
a shift takes place largel)’ in the periphery, "’itli 
the result that the polycytliemia may bo more 
marked in capiUaij' blood than in that from central 
blood vessels. 

Because the term polycythemia is loosely used 
to refer to all varieties of increase in the number of 
red corpuscles, the terms crythrocytosis and ery- 
thremia are preferred in referring to two forms of 
absolute poljx-vlhemia. Hrijthrocytosls denotes ab- 
solute polycythemia which occurs in response to 
some known stunulusj erythremia refers to the dis- 
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usually be avoided by appropriate inquiry and ex- 
amination of tlie donor. 

Before subjecting a patient to blood transfusion, 
thought should be gi\ en to his cardiovascular status. 
In all persons with impaired cardiac function the 
administration of whole blood or other osmoUcally 
active solutions must be made cautiously and slowly, 
since an increase in venous pressure and pulmonary 
edema is easily produced. Particular care should 
be used in regard to concentrated serum albumin 
because of its capacity to withdraw fluid from the 
tissues into tlie circulation, Sucli patients, further- 
more, should be propped in a sitting position during 
the transfusion. The so-called "speed reaction” is 
tlie result of circulatory overloading, and its mani- 
festations are those of right-sided heart failure. It 
is produced by overrapid infusion in relation to the 
cardiovascular reserve of the patient and can be 
prevented by slow administration of blood. If the 
purpose of transfusion is to raise the concentration 
of circulating liemoglobin rather than to increase 
the total blood volume, red cell suspensions ore as 
effective as arc whole blood transfusions and offer 
the advantage that the volume of injected material 
is relatively small. When it is not convenient to 
prepare ted cell suspensions, 00 to 80 per cent of 
the plasma can be withdrawal from the blood after 
spontaneous or meclianical sedimentation of the red 
cells, thereby reducing the volume of mjected 
materia] as well as its salt content. 

Patients who have received many transfusions 
may develop cold agglutinins and may react wlUi 
a dull if blood Is given witliout being warmed. 
Sometimes allowing the blood to st.ind at room 
temperature is adequate, but in many instances it is 
necessary to have some of the transfusion tubing 
rest in a water bath maintained at body tempera- 
ture, tlius allowing the blood to be warmed before 
it enters the patients vein. Other complications 
which may develop in those subjected to repeated 
transfusions are febrile reactions due to leukoagglu- 
tinins and, especially in paroxysmal nocturnal 
hemoglobinuria, sensitmty to a heat-bbilc con- 
stituent of fresh normal plasma. In such patients 
only well-washed red cells can be used in transfu- 
sion. 

Except in emergency, it is always wise to give 
the Erst 50 ml of blood slowly and under the 
scrutiny of a doctor or nurse. In addition it is well, 
whenever possible, to wait 30 min in order to de- 
termine whether a reaction will occur. Fatal trans- 
fusion reactions have occurred only when more than 
300 ml of blood has been given. It is unwise to use 
blood for transfusion which has been brought to 
room temperature, cooled, and tlien rewarmed, 
since the lil.elihood of an infectious reaction is 
thereby increased 

V Unicersal Donor, ^\’hilc the use of group O blood 





(universal donor) for general transfusion purposes 
is undesirable, in certain tjpes of hospitals which 
use transfusion therapy almost exclusively on an 
emergency basis, the practice is followed. In such 
situations the two chief hazards should be kept in 
mind. One is the danger of mistyping A 2 donors as 
group O, an error which can be eliminated by 
serum or "back typing.” The second danger, that of 
the group O person whose scrum contains high 
tilers of anti-A and anti-B or both, is met in part by 
attempting to discover and screen out such donorS, 
and in part by adding A and B substances to the 
group O blood. 
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ERYTHREMIA 
(Polycythemia 
Rubra Vera) 

M. Wintrobe 

Definition. Erythremia, also known as Vaquez’ or 
Osiers disease or splenomegalic polyc)’themia, is a 
disease of unknowTx etiology and of insidious onset 
and slow, chronic course. It is characterized by a 
striking absolute inmease in the quantity of circu- 
lating red corpuscles and, often, by evidence of in- 
creased production of myeloid leukoc^des and even 
of platelets. Splenomegaly and a ted “cyanosis” of 
the skin, as well as increase in the viscosity of the 
blood and in the total volume of the blood, are 
additional features of this disorder. 

History. Vaquez in 1892 described a case of 
polycythemia which he had originally attributed to 
congenital hciirt disease. Osier gave a more com- 
plete description in 1903. 

Etiology and Pathogenesis. The term polycythe- 
mia signifies an increase above the nomal in the 
number of red corpuscles in tho circulating blood. 
This increase usually, though not always, is accom- 
panied by a corresponding increase in the quantity 
of hemoglobin and in the volume of packed red 
corpuscles. The increase may or may not be asso- 
ciated with an increase in tlie total quantity of red 
cells in the body. It is important to distinguish be- 
tween absolute polycytliemia (an increase in the 
total red corpuscle mass) and relative polycythe- 
mia, which occurs when, through loss of blood 
pLisma, the concentration of the red corpuscles 
becomes greater than normal in the circulating 
blood. This may be the consequence of abnormally 
lowered fluid intake or of marked loss of body 
fluids, such as occurs in persistent vomiting, severe 
diarrhea, copious sweating, or acidosis (Chaps. 13, 
50). Loss of electrolyte from the extracellular com- 
partment, when not accompanied by corresponding 
Joss of water, leads to a decline of osmolar con- 
centration in the extracellular fluid. The resulting 
shift of water into the tissue cells may produce 
relative polj’cythemia, sometimes of high grade. In 
certain types of peripheral circukitory failure there 
is a loss of plasma into the interstitial fluid. Such 
a shift takes place largely in the periphery, wnth 
the result that the polycytliemia may be more 
marked in capillary blood than in that from central 
blood x-esscls. 

Because Uie term polijajthemia is loosely used 
to refer to all varieties of increase in the number of 
red corpuscles, the terms cryf/iroci/tosis and cry- 
thremla arc prcicrrcd in reJerring to two forms of 
absolute polycythemia. Erythroajiosis denotes ab- 
solute polycythemia which occurs in response to 
some imoNvn stimulus; crythreriiia refers to the dis- 
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ease of unknown ctiolog)' which is the main sub- 
ject of lliis chapter. 

ETythroctjtosis develops as a consequence of a 
variety of factors and represents a phj’siologic re- 
sponse to conditions of hypoxia. Sojourn at high 
altitudes leads to defective saturation of arterial 
blood willi oxygen and stimulates the production 
of more red corpuscles. Immediately on ascent to 
a high altitude, symptoms such as fatigue, dizzi- 
ness, headache, nausea, vomiting, ringing in the 
ears, and prostration may appear. In most persons 
adaptation soon occurs, with the development of 
polycythemia and other compensatory adjustments. 
However, a disorder may set in insidiously a few 
years later, or even as long as 20 years after con- 
tinued residence at high altitudes, leading to the 
deveJopmenl of a condjtion kno^vn as chrome moiin- 
fatn sickness or seroche (A/onge's disease). 

Emphysema is tire most common of the cluotiic 
pulmonary conditions whicli may load to erythro- 
cytosis. Silicosis, with extensive pulmonary 6brosi$, 
is another. Pulmonary arteriovenous fistula may 
lead to impaired saturation of arterial blood with 
oxygen, with the consequent dc%elopmenl of er)'th- 
rocytosis and of a clinical picture resembling closely 
that of certain types of congenit.nl lieart disease. 
Cavernous hemangioma of tlie lung may be asso- 
ciated with polycythemia. Hjpertensioo of the 
lesser circulation, willi pulmonary arterial and arte* 
riohnr sclerosis, may be accompanied by a train of 
symptoms such as asthma, bronchitis, dyspnea, and 
cyanosis, as well as erythrocytosis — a symdrome 
knonvn as Ayciza’s syndrome, or cardtaco no- 
gro. 

Under the mechanical conditions existing in 
obese patients, periods of shallow breathing may 
den clop and result in aheolar hypoventilation and 
er\ throe) tosis. Tlie fat, somnolent, red-faced boy of 
Dickens’ “The Pickwick Papers" may well have 
been an example of this disorder. The <daim that 
abnormal function of the respirator)’ center may be 
the cause of hypoxemia and absolute polycythemia 
requires substanti-ition. 

The partial shunting of blood from tlie pulmo- 
nary circuit, such as occurs in congenital heart dis- 
ease, IS the cause of the most striking erythnx^osis 
resulting from abnormality in the circulation. Eryth- 
rocyte counts as high as 13 million, which are pos- 
sible only when the red corpuscles ore smaller Uian 
normal, hax’e been obsen'ed in such cases, with 
volumes of packed red cells even as high as 86 ml 
per 100 ml of blood. The most common defects 
producing such polycythemia are pulmonary steno- 
sis, usually with defective ventricular or auricular 
septum, patent foramen ovale, or patent ductus 
arteriosus; complete transposition of arterial tninksj 
and tetralogy of Fallot. Erythrocytosis does not usu- 
' y occur in patients wiUi acquired heart disease 


but occasionally is seen in persons with mitral ste- 
nosis. 

The excessive use of coal-tar derivatives and 
other forms of chronic poisoning, by producing ab- 
normal hemoglobin pigments such as methemoglo- 
bln and sulfhemoglobin (Chap. 237), may cause 
eiytliroi^osis. Another chemical agent, cobalt, has 
produced erythrocytosis in experimental animals 
but the mechanism is obscure. 

Erythrocytosis is found In Cushing’s syndrome 
and can be produced by the administration of large 
amounts of adrenocorticostcroids. In many ways 
most curious of all are the instances of polycythe- 
mia observed in association with various tumors. 
These have been chiefly of two varieties, infraten- 
torial ond renal. The tumors in the posterior fossa 
of the skull have usually been vasevhr, and their 
removal has frequently been associated with a re- 
turn to normal hemoglobin levels. This response 
has also been noted in many of the cases of hyper- 
nephroma, polycystic disease of the kidneys, and 
hydronephrosis which were accompanied by poly- 
c^hemia. The frequency of the association of poly- 
cythemia with the aboie-mentioned renal disorders 
has ranged from 0 3 to 2.6 per cent of cases in 
different series. 

The term stress eri/fhron/tosis has been applied 
to the polycythemia seen occasionally in very ac- 
tive, hard-working persons in a state of an.xiety, 
who appear florid but who have none of the char- 
acteristic signs of erythremia— no splenomegaly or 
marked leukocytosis with immature cells in the 
blood. In such individuals the total red cell mass 
is normal and the plasma volume is below nor- 
mal. 

In essence, then, erythrocytosis is known to de- 
velop when there is 

1. Defective saturation of arterial blood vvith 
oxygen, resulb'ng from (o) decreased atmospheric 
pressure, and (b) impaired pulmonary ventilation 

2. Abnormality in circulation, due to (fl) shunt- 
ing (congenital heart disease), and possibly (b) 
diminished blood supply to the bone marrow (in 
certain patients with chronic cardiac disease) 

3. Defect m circulating blood pigment 

It is clear, however, that in addition to these 
long-recognized mechanisms, some instances of 
erylhraiytosls cannot be explained on these 
grounds. 

4. The adrenocortical secretions may produce 
polycythemia 

5. Humoral mechanisms of less well-defined na- 
ture may play a role. Considerable evidence sup- 
ports the view that a humoral factor, “erylhro- 
poielin,’’ plays a significant role in crythropoiesis 
and also indicates tliat this factor may arise in the 
kidneys. In fact, even the effect of anoxia on the 
bone marrow may not be direct but may be medi- 
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ated by a humoral mechanism. Thus, in a case of 
patent ductus arteriosus occurring distal to the 
origin of the subclavian artery, it ^^'as shown that 
the sternal marrow manifested the same pro- 
nounced normoblastic bj'pctplasia as the iliac mar- 
row even thougli the oxv'gen saturation of the latter 
was markedly decreased as compared with the nor- 
mal saturation of the sternal marrow. 

In the disease crtjlhrcmia, hQwe\cr, the above 
mechanisms liave not been found to be involved. 
The most common form of cTj’thremia appears in 
middle or late life, it is often accompanied by 
splenomegaly, and often the increase in number 
of red corpuscles is but a part of a generalized 
m)-eIoid hyperplasia which may be manifested in 
elevated leukocjte counts and an increase in the 
number of platelets A close relationship to chronic 
mj-clocjtic leukemia is suggested by such cases. 

Polycythemia of unknoun cause has also been 
seen in children, in rare instances, and occasionally 
appears as a familial disorder. Such cases may well 
be unrelated to the classical disorder described by 
Vnquez and Osier. 

Pathology. The striking changes are those related 
to the increase in total blood solumc. All the organs 
are engorged with blood, the \cins stand out like 
“bunches of thick worms," and tlierc may be throm- 
boses or anemic infarcts. Tlie bone marroui is dark 
red in color and \eiy cellular. Microscopically, this 
is found in most instances to be due to hyperplasia 
of all the marrow elements. In some cases the per- 
centage of normoblasts is increased, in others the 
proportions of myelocytes and myeloblasts or of 
bjisophilic and eosinophilic cells may be greater 
than normal. 

Tlie spleen is enlarged, chiefly from hyperplasia 
of the pulp and distention with blood. Infarcts are 
common. 'Ilicre may be foci of e-rtramedullary blood 
formation in the spleen, the liver, and occasionally 
elsewhere as well. Cirrhosis of the liver has been 
obsers’ed in a number of instances. 

Syinptomatolog>'. The onset is insidious and the 
progress gradual. Headache, dizziness, ringing in 
the ears, or visual disturbances; dyspnea, lassitude, 
or weakness; skin or mucous membrane hemor- 
rhages; a sense of weight in the abdomen due to 
the enlargement of the spleen; or IrTilability, de- 
pression, forgetfulness, or vague sjmptoms suggest- 
ing neurasthenia are complaints encountered in 
many cases. Various gastrointestinal symptoms such 
as fullness, belching, or constipation may be pres- 
ent, or symptoms of peptic ulcer may be found 
Sometimes uie symptoms are those attributable to 
increased metabolism: lassitude, increased sweat- 
mg, and loss of weight. Swelling and p.-Un in the 
extremities may be very tioublcscrmc. In still other 
cases the symptoms are so insignificant that the 
polycythemia is discovered only accidentally. 
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The face is a deep red rather than truly cyanotic. 
The color is most noticeable in the lips, cheeks, tip 
of the nose, ears, and neck. The distal portions of 
the ettremib'es may be more truly cyanoHc, since 
the highly viscous blood circulates more sluggishly 
there than is normal. Eccbjinoses are common, and 
cpistaxis and bleeding of the gums are frequently 
encountered. Cardiac abnormality is unusual, but 
vascular disturbances are common. These include 
venous tliromboses, coronary thrombosis, and cere- 
brovascular accidents. The blood pressure is more 
often nonnal than elevated. Enlargement of the 
liver is frequent, and splenomegaly is found in at 
least 75 per cent of cases. The spleen may be just 
palpable or it may extend even to the pelvic brim 

DIood. Erythrocyte counts of 7 to 10 million cells 
per cu mm are common. Unless hemorrhage has 
occurred or venesections have been performed, 
there is a corresponding increase in hemoglobin 
and in volume of packed red corpuscles. The indi- 
vidual red corpuscles appear nonnal, although oc- 
casional polychromatophilia or basophilic stippling 
may be noted. The finding of nucleated red cor- 
puscles and the appearance of small numbers of 
myelocytes and even earlier forms in the blood give 
a clue to the hyperplastic state of the bone marrow, 
leukocytosis, sometimes of marked degree (60,000 
per cu mm), due to an increase of the granulocytes, 
and high platelet counts, when present, give fur- 
ther evidence of ovcractivily. The percentage of 
reticulocytes is not increased unless there has been 
recent bleeding. The osmotic fragility of the red 
corpuscles is not significantly altered. There may 
be some evidence of increased blood destruebon, 
in the form of slight bilirubinemia and increased 
excretion of urobilinogen. The viscosity of the blood 
is greatly increased, even five- to tenfold. The 
thick, sticky blood may be slow to coagulate and 
the clot may not retract. Bleeding and clotting times 
are usually normal, however. 

The total hlood volume is substantially increased 
(150 to 300 per cent of normal), entirely because 
of on increase in red corpuscle mass. 

Other Laboratory Findings. These include m- 
CTcascd basal metabolic rate in many cases; normal, 
increased, or reduced gastric secretion, even achlor- 
hydria; occasionally, increased serum uric acid 
level and, sometimes, increased endogenous uric 
acid excretion; and normal urine or slight pro- 
teinuria 

Diagnosis. The symptoms of erytliremfa alone 
may suggest a variety of disorders, but once the 
blood has been examined, the problem is to differ- 
entiate secondary forms of polycythemia (erythro- 
<^osis) from the "primary" disorder. Failure to 
discover a cause for the polycythemia, and the 
presence of a reddish rather than bluish cyanosis 
fav’or the diagnosis of erythremia. Splenomegaly is 
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vci^- unusual in er)’throcj’tosis, e%’cn when the erjth- 
loc) le count is vcrj’ much increased. What is more, 
in the latter condition, leukocytosis, immature leu- 
kocytes, anti an increase in the platelet count arc 
hardly m-er found and normoblasts are much more 
uncommon in the blood than in cry-thremia. 

An absolute increase in red corpuscle mass is 
found in crythrocytosis as well as in erytlircmia. 
Measurement of blood volume, therefore, docs not 
aid in differentiating "secondary” polycythemia, but 
because of variations in plasma s’oliime it is a 
truer indax of the degree o? polycythemia than tlie 
hematocrit lesel. It is also helpful in the occasional 
patient, often a heavily built, middle-aged, and 
sometimes In-pcrlensnc male, in whom there is only 
relative polycythemia ("stress crythrocytosis”). 
Measurement of arterial oxygen saturation is use- 
ful in differentiating cry throcytosis due to cardiac 
or pultnoGary disease, for in the latter, oxygen sat- 
uration is reduced more or less in ins'erse propor- 
tion to the degree of polycythemia, whereas in 
erythremia it is normal or nearly normal. 

Course and Complications. Baning the develop- 
ment of serious complications, the course of ery- 
thremia, adcr^uatcly treated, Is chronic and the dis- 
order is often compatible with many years of bfe. 
The most dangerous complications ore vascular: 
tlrrombosis or hemonhage. Therapy, by keeping the 
red coq>uscle mass at a nearly normal level, can 
effectively reduce blood viscosity and thus serves 
to reduce tlie likelihood of such vascular accidents. 
Intcrciirront infections, especially of the respiratory 
tract, may be troublesome, and bronchitis and em- 
physema may develop. Peptic ulcer and hyperten- 
sion are frequent complications; less often, gout 
and Cirrhosis of tlie liver occur. The development 
of typical chronic myclocybc leukemia in a number 
of cases of erythremia has given support to the 
view that there may be a close relationship bebveen 
these two disorders. 

Treatment. Treatment is symptomatic, since tlie 
cause of eryihremia is unknown. Symptomatic re- 
lief IS best achieved by reducing the red corpuscle 
mass to something approaching normal. TJiis is roost 
quickly achieved by ccncsertion. Approximately a 
pint of blood IS removed twice a week or even more 
often, until the volume of packed red corpuscles 
approaches normal. Then the procedure may need 
to be repealed only once a month or less often. 
riteuijlhijdrazine hydrochloride, tliough now rarely 
used, IS effective m destroying the red corpuscles, 
but It is best first to use venesection to lower the 
blood level to normal, subsequently giving only 
enough of the hemolytic agent to mainlam the 
blood at nonnal. For this purpose 0.1 Cm, in cap- 
sules. once u day, every other <Iay, or every tliird 
day should be adequate. The use of such small 
doses will avoid complications of phcnylhydrazinc 


therapy such as thrombosis and acute hemolytic 
anemia. Tins drug should not be used for bed- 
ridden patients or for those who have Unombosis 
already. 

Instead of removing or destroying the excessive 
red corpuscles, hematopoiesis may be inhibited by 
irradiation or by chemotlierapy. The effects of iV- 
tadiation arc slow to appear, however, and conse- 
quently venesection must be used at tlie same time 
initially. The intravenous injection of radioactive 
phosplionis (P32) is more satisfactory th.m roentgen 
therapy. The procedure depends on Uie fact that 
the radioactiv'e phosphorus passes to tissues vvhich 
li-ave a high phosphorus content. The concentration 
of P*- in the bones places this agent in a strategic 
position. Usually 3 to 5 millicurics of P’’- is given. 
After 10 to 12 weeks, if symptomatic and hemato- 
logic improvement are inadequate, a second dose is 
administered. Subsequent therapy is “titrated" ac- 
cording to need, but intervals bctvv’een injections 
should not be shorter than 10 weeks, and leukocyte 
and platelet counts should be included in the blood 
examinations as guides in avoiding marrow aplasia 
from overdosage. Remissions of 6 to 10 months are 
common, but much longer ones are not unusual. 

Although agents such as tricthyleneinclamlnc and 
busulfan have been shown to be effective In the 
treatment of ery thremia, they offer no advantages 
over radioactive phosphorus. 
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9Q7 METHEMOGLOBINEMIA, 

/ SULFIIEMOGLOBINEMIA 

Ccorge E. Cariwright 

METHEMOGLOBINEMIA 

Mcthcmoglobin is an oxidation product of homo 
globin in which the iron is in the ferric state. 
Mcthcmoglobin cannot bind o.xygen or carbon di- 
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oxide. Within the erj’throcyte, about 99 per cent of 
the hemoglobin is in the reduced state (HbFe++) 
and 1 per cent is in the oxidized state (HbFe^+). 
Under normal circumstances these two forms of 
liemoglobin are in equilibrium. 

The sj'stem in the red cell for reduction of 
methemoglobin employs reduced diphosphopjTi- 
dine nucleotide (DPNH), formed from the odda- 
tion of glucose, as the electron donor. Reduced 
DPN does not react directly with methemoglobin. 
The enzjTne, DPN diaphorase, is required for the 
reduction. This was originally referred to as the 
“methemoglobin reductase a" system. 


H glucose + DPN • pyruvate + DPNH 


DPNH + HbFe*+ 


dia;>hoi&2e 



DPN + HbFe++ 


Etiology. Methemoglobinemia may be either in- 
herited or acquired. Two distinct t^s of heredi- 
tary meihemoghbinemia have been described. A 
number of cases of hereditary methemoglobinemia 
have been observed in Greece but have not yet 
been classified as to the type of biochemical abnor- 
mality. 

Hereditary methemoglobinemia due to a deft- 
clenctj of the CT\zymc DPN diaphorase has been 
described in Alasl^n Eskimos and Athabaskan In- 
dians. The disease is transmitted as an autosomal 
recessive trait. Individuals heterozygous for the trait 
have about half the normal level of the diaphorase 
enzyme and are asymptomatic: 98 to 99 per cent 
of Uie hemoglobin is in the reduced state. Individ- 
udis homozygous ior Vhe hah htrf e a comp^cle \acV. 
of the erythrocyte enzyme and are cyanotic from 
birth: 5 to 60 per cent of the hemoglobin is present 
as methemoglobin. The rate at which methcmoglo- 
bin is reduced is greatly impaired. The disease has 
been described in infants and children. The failure 
to observe the disease state in adults suggests that 
the disease is associated with early mortality or th.il 
this form of methemoglobinemia diappears with 
age. 

Hcreditari/ met/icmogiobinemla associated tcit/i 
an ahnOTmal hemoglobin (hemoglobin A/) has been 
described in families of German, Greek, Swiss, and 
Italian descent. The disease is transmitted as a 
non-sex-linked dominant trait. The fundamental de- 
fect exists in the structure of tlie globin- TIic for- 
mation of methemoglobin is duo to increased sen- 
sitivity of hemoglobin M to oxidation and not to 
a slow rate of methemoglobin reduction. On the 
basis of absorption spectra at least three diifcrcnt 
M hemoglobins have been described. These have 
been designated hemoglobins Mr. Mg, and Mjj 
after tlic cities (Boston, Saskatoon, and Milwaukee) 
where they were described. Cvunosis is the only 
clinical manifestation described. Cyanosis is usu- 
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ally absent at birth and first appears 6 weeks to 6 
months after birth. Hemoglobin M, unlike most of 
the other hemoglobinopathies, is not assockited with 
hemolytic anemia. 

A number of patients with congcnilal tnclhcmo- 
globinemia have been reported without a familial 
history' of llic disease, and a few patients with idio- 
pathic methemoglobinemia have been obsen'ed in 
whom the congenital nature of tJie disease was not 
clearly demonstrated. 

Acquired (secondary) methemoglobinemia is more 
common than hereditary methemoglobinemia and 
is caused by contact with drugs containing amino 
or nitro groups (Table 237-1). These drugs pref- 
erentially oxidize hemoglobin and, in sufficient 
amounts, overcome the normal reducing mechanism 
of the cnjlhrocijies. When exposure to the offend- 
ing drug ceases, the methemoglobin is rapidly con- 
verted to the reduced compound and the cyanosis 
disappears. Nitrates after ingestion may be con- 
verted to nitrites by intestinal bacteria, and after 
absorption from the intestine produce methemo- 
globin. Cases of methemoglobinemia due to nitrates 
or nitrites have been reported following the use of 
bismuth subnitrates or of ammonia or potassium 
nitrate, from the therapeutic use of amyl nitrite ot 
nitroglycerin, from food high in nitrates, in infants 
drinking well water high in nitrates, from the in- 
halation of nitrous gases by arc welders, and from 
the Ingestion of coming sjTup Aniline dyes may 
produce methemoglobinemia by penetration of the 
intact skin. Contact with dyed blankets, laundry 
marks on diapers, and freshly dyed shoes have pro- 
duced methcmogloVinemia. The ingesVion by vAul- 
dren of certain red wax crayons containing p-nilro- 
anilinc has resulted in methemoglobinemia. Tlic 
commonly dispensed analgesic and antipyretic 
drugs, .icetanilid and phenacelin, are aniline deriv a- 
tives and have frequently been found responsible 
for methemoglobinemia. Certain sulfonamides, such 
as sulfanilamide, Prontosil, sulfathiazole, and sulfa- 
pyridine, but not sulfadiazine or sulfamcrazinc. pro- 
duce the condition. 

Enterogenous cyanosis is a term used to refer to 
a clinical syndrome characterized by attacks of 
cyanosis, headache, abdominal pain with cither 
diarrhea or constipation, dyspnea, dizziness, col- 
lapse, and symcopc. Many of the patients reported 
were taking aniline derivatives for headache. It 
has been suggested that because of the gastroin- 
testinal disease there was an abnormal production 
and absorption of nitrites. Sulfiiemoglobincmia has 
been present frequently, together with methemo- 
globinemia, in the blood of these patients. 

In addition to the above types of mctJicmoglo- 
tmemia, rare cases of acquired hcmoljlic anemia 
with parox)smal mclhemo^obincmia have been re- 
ported. 
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Clinical Manifestations. When as little os 1.5 Cm 
of melhcmoglobin is present in 100 ml of blood, 
recognizable cyanosis results. In contrast, about 5 
Cm of reduced hemoglobin must be present before 
a comparable degree of cyanosis occurs. SiOce 
methemoglobin is incapable of combining with o^- 
gen, the symptoms of metbemeglobinemia ore at- 
tributable to the hypoxia produced by the lowered 
oxygen capacity of the blood. Tlie severity of the 
s)'mptoms is related to the quantity of melheioo- 
globin present, the rapidity with which the methe- 
moglobinemia develops, and the capacity of the 
individual's cardiorespiratory and hematopoietic 
systems to adjust to the hypoxia. In general, levels 
of less than 20 per cent methemoglobm are usually 
not associated with symptoms. At levels of 20 to 
50 pet cent, fatigue, weafetess, dyspnea, tachy- 
cardia, headaches, and dizziness may occur. Only 
rarely is enough methemoglobin present to cause 
coma and death. 

Diagnosis. Methemoglobinemia should be sus- 
pected in any patient with intense cyanosis, espe- 
cially if physical examination fails to reveal evi- 
dences of cardiovascular or pulmonary disease and 
if the cyanosb is unrelieved by oxygen therapy- 
If blood withdrawn from a vein shows the charac- 
teristic chocolate-brown coloration, the diagnosis of 
an abnormal blood pigment is almost certain. If 
the pigment is not in the plasma but in the erythro- 
cytes, and if the chocolate-brown color remains 
after shaking the blood in air for 15 min, there b 
additional presumptive evidence for the presence of 
either mcthcmoglohincmia or sulfhcmoglobinenila. 

A family history of cyanosis helps to delineate 
the hereditary forms of the disease. A negative 
family history of cyanosis and a recent bistoiy of 
drug ingestion (Table 237-1) suggest the acquired 
form of the disease. The hereditary form of the dis- 
ease, which is due to a deficiency of the diaphorase 
enzyme, can be recognized with certainty only by 
determination of erythrocyte diaphorase activity. 
The diagnosis of the hemoglobin M disorders can 
be established by starch block electrophoresfa (pH 
7 0 to 7.2) of hemolysates and by a speclrophoto- 
metric absorption analysis of the patient’s hemo- 
globin. 

Methemoglobin (other than M licmoglobius) 
may be differentiated from suinicmoglobin by ex- 
amining a 1:10 or 1:100 aqueous dilution of blood 
in a hand spectroscope. The absorption band of 
methemoglobin (630 m/i) may be confused with 
that of sulfhcmoglobin (018 m.u), but on the ad- 
dition of 2 or 3 drops of 5 per cent potassium 
cyanide the band due to methemoglobin disap- 
pears, whereas the sulfhcmoglobin b.and is un- 
clungorl. Tlie addition of hydrogen peroxide causes 
dissolution of the sulflicmoglobin band, but not of 
the methemoglobin band. 

3 


Tabu SS7-1, AUIXO and NtTHO COilPOCNOS PBODUCISQ 
METITGMOOLOBINEStIA 


ATomatie drugs 

Ali-phalU and 
inorganic drugs 

Aniline 

Sodium nitrite 

Anilinoctlianol 

Hydroxylamine 

Fhcnacctm 

Dimethylamine 

Acetaniliil 

Nitroglycerin 

Melhylacctaniliii(‘ 

Amyl nitrite 

Hydroxy lace tanilidc 

Ethyl nitrite 

Pfontosil 

Bismuth eubnitrato 

SuifanilAmiilc 

.\mnionium nitrate 

Sulfatiiiarolc 

Sulfapyndine 

Plienylenediamine 

Aminophenol 

Toluencdiamme 

Alpha-naphthyUmine 

Para-aminopropiophenone 

Phcnylhydroxvlamlne 

TolyJhydroxylamine 

Nitrobenzene 

Dinitrobenzene 

Trinitrotoluene 

Nilrosobenzene 

Para-nitroaniline 

Potassium nitrate 


soxtrce: C. a. Finch; Melbemoglobicemis and Sulf- 
hemoglobinemia, New Eogi. J. Med., 239 A70, 1913 

Treatment. In patients with hereditary methemo- 
globinemia due to deficiency of DPN diaphorase, 
the reducing agent ascorbic acid may be given dailv 
by mouth in an amount of 100 to 500 mg Methyl- 
ene blue accelerates the reduction of metliemoglo- 
bin and is effective in a dally dose of 100 to 300 
mg by mouth. 

Ascorbic acid and methylene blue are of little 
or no value in alleviating the cyanosis due to he- 
moglobin M. 

In patients with mild drug-induced methemoglo- 
binemia no therapy is necessaiy other than removal 
of the offending agent, since reduction of the 
methemoglobin occurs rapidly as a result of the in- 
tact normal reconv'ersion mechanism. In those pa- 
tients in whom therapy is necessary, methylene 
blue, I to 2 mg per kg body weight given intra- 
venously over a 5-min period in a 1 per cent solu- 
tion, is the agent of choice. If cyanosis has not dis- 
appeared within an hour, a second dose of 2 mg 
per kg body weight should be given. Dosages 
should not exceed 7 mg per kg since toxic effects 
such as dyspnea, precordial pain, restlessness, ap- 
prehension, a sense of oppression, and fibrillar 
tremors may occur. 

SULFIIEMOGLOBINEMIA 

Sulfhcmoglobin is a sulfur-containing hemoglobin 
'derivative, llie exact mode of Imkage of the sulfur 
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to the hemoglobin Is unknown. Suinicmoglobln is 
not found in crjlKrocxtes under normal cirawn- 
stances. Once it has been formed it is not reversible 
to hemoglobin, the abnormal derivative remaining 
in the crj ihrocytcs until they are destroyed. 

Sulfhcmoglobincmia may result when one of the 
oxidizing drugs listed in Table £37-1 has been 
taken. 

Phcnacctin (A.P.C., Empirin Compound, Anacin, 
Stanback) and aeclanilid (Bromoscitzer) are the 
drugs found most frequently to be the cansath-c 
agents. Constipation is present in at least half the 
patients, and it has been suggested, without docu- 
mentary proof, that this contributes to Uie develop- 
ment of the condition by enhancing the production 
of hydrogen sulhde in the bowel. 

Sulfhcmoglobin is inert as an oxygen carrier, and 
when it is present intense exanosis results. Some- 
what less than 0.5 Cm sulfhcmoglobin per 100 ml 
blood causes a degree of cyanosis equal to that of 
1.5 Cm mclhcmoglobin or 5 Cm reduced hemo- 
globin. Although the concentration of sulflicmoglo- 
bin may be found to be as high as 10 Cm per 100 
ml, the life of the patient is not endangered and 
sjmptoms which can be attributed to the sulfhcmo- 
globinemia are rarely present. Since many of tlie 
patients in whom sulfhcmoglobincmia dm-elops arc 
neurotic or arc taking drugs for a chronic headache 
or constipation, die sjmptoms w hich can be elicited 
arc probably not attributable to the sulfhcmoglo- 
binemia, S)inptoms of bromide intoxication fre- 
quently complicate the clinical picture in those in- 
gesting Bromoscitzer. Once formed, llicrc is no way 
of removing the sulfliemoglobin except by phle- 
botomy. In time the affected red corpuscles wear 
out and arc destroyed. Treatment requires interdic- 
tion of the offending drug and correction of the 
intestinal conditions causing the disorder. 

Enterogenous sulfhcmoglobmcmla is a term used 
to refer to die S)’ndrome of sulfhcmoglobincmia, 
cyanosis, and constipation or other evidence of dis- 
turbed bowel function without tlic history of the 
ingestion of an oxidizing or sulfur-containing drug. 
Rare eases of acquired hemoljiic anemia with par- 
ox)'smal suiniemoglobinemia and methemoglobine- 
mia have been reported. 
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THE PURPimAS 

M. M. Wintrobe 

Definition. The term purpura refers to extrava- 
sations of blood into the skin or mucous membranes. 
Tlicy may vary from the size of a pin point or 
slightly bigger (petcchiae) to much larger areas 
(ecchyTOOses). Purpura fs but one manifestation of 
abnormal Weeding, already discussed {p. 217). 


THROMBOCYTOPENIC PURPURA 

DcCnitioru This term refers to purpura which is 
accompanied by a significant reduction in the plate- 
let count. Tlicrc is at the same lime prolongation 
of bleeding time, a positive tourniquet test result, 
and poor clot retraction, but the coagulation time 
and prothrombin lime arc normal. The purpura may 
be idiopathic, this also being known as purpura 
hcmorriiaglca or WcrUiofs disease; or it may be 
symptomatic: the effect of various chemical, vege- 
table, animal, or physical agents, the accompani- 
ment of certain infections, or a part of the picture 
of xxirious blood disorders. 

History. Werlhof, in 1733, distinguished purpura 
hemoahagica os an entity distinct from the pur- 
puric manifcst.ations of various pestilential fevers 
and differing from other hemorrhagic disorders. 
Denys noted the thrombocytopenia in 1887, while 
Kaznclson proposed treatment by splenectomy in 
1916. 

Etiology and Pathogenesis. Purpura hemorrhag- 
ica occurs most frequently in children and in young 
adults, and is somewhat more common in the fe- 
male than in males. No more than 10 per cent of 
cases begin after the age of forty. Not infrequently 
there is a family history of excessive bleeding, The 
condition is rare in Negroes. 

In the bone marrow the number of megakaryo- 
cytes is normal or may even be increased. How- 
ever, in contrast to the normal picture, few or no 
platelets are found about their margins. It is also 
significant that splenectomy is often followed by 
st^'ng improv^ent. These observations hai e led 
to Uie assumption that this disorder is caused by 
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( I ) a decreased rate of formation of platelets from 
mcgakar)OCj-tes ns the consequence of splenic in- 
hibition, (2) platelet destruction by the spleen, or 
(3) a combination of damage to both megalaryo- 
cytes and circulating platelets, perhaps through the 
action of a humoral factor in the plasma. That the 
last is true in many cases, probably as the result of 
an immunologic mechanism, is indicated by studies 
in which platelet agglutinins were shown to be 
present in the plasma of patients with essential 
thrombocytopenic purpura. It ss-as also demon- 
strated that the injection of plasma from patients 
with this disease into norma] recipients was as- 
sociated with thrombocytopenia, bleeding phe- 
nomena, and alterations in the megakaryocytes. 
Furthermore, transfused platelets disappear with 
extraordinary rapidity from the circulation of pa- 
tients with acute idiopathic tluombocytopenic pur- 
pura. It is plausible to assume that the spleen re- 
moves sensitized platelets and may also produce 
some of the platelet agglutinin. 

Platelet* agglutinins were first described in pa- 
tients with thrombocytopenic purpura due to Sed- 
ormid. In tlicse cases it was shown that the drug 
forms an antigenic complex with the platelets, to 
which an antibody is formed. It is possible that in 
"idiopathic'’ thrombocytopenic purpura an uniden- 
tifiea toxin aifccts both platelets and capillary en- 
dothelium, which ore antigcnically similar, and that 
an antibody to these damaged tissues is produced. 

Tliat there is, in addition to thrombocytopenia, 
a defect m the capillary' endothelium is suggested 
by the fact that hemonhage in this disease is not 
always closely correlated to the degree of platelet 
reduction. It has been proposed that the capillaries 
are unusually permeable or that they arc incapable 
of .ulequatc contraction. For the latter hypothesis, 
evidence has been presented which is based on 
direct observation. 

The prolonged bleeding time is explained by a 
failure of the capillaries to retract as well as by 
the lack of suQicient platelets to plug the opening 
of a bleeding vessel. The intracutaneous oozing of 
blood when capillary pressure is inaeased (tourni- 
quet test) is explained in the same way. Coagula- 
tion time is normal because few platelets are needed 
to initiate clotting. The dot, however, is loose and 
retracts poorly because a large number of platelets 
arc needed for syneresis. 

There is much to suggest that idiopathic throm- 
bocytopenic purpura is a syTidrome which may arise 
in a number of different ways. Altliough an immu- 
nologic mechanism is probably important in many 
cases. It seems likely tliat in other instances the im- 
dcrlying cause may be splenic dysfunction which 
Ic.vils to suppression of platelet formation, or meta- 
bolic alierralions leading to deficiency of factors 
necessary for platelet production, or still other 


medianisms or etiologic factors as yet unrecognized. 

Symptomatolosy. Purpura hemorrhagica may be- 
^ abruptly and disappear spontaneously just as 
suddenly; or its manifestations may seem to have 
been present a long time, occasionally so Jong that 
they might appear to be characteristic of the indi- 
vidual concerned. The bleeding may be mild vvitli 
perhaps only inconspicuous purpuric spots in the 
skin; or it may be sev'ere and not only may lead 
to serious loss of blood but also may occur into vital 
areas such as the cranium or the diaphragm All 
variations between these extremes may be encoun- 
tered, and the disorder may wax and wane in in- 
tensity. Acute and chronic forms of the disorder 
have been described, and by some investigators are 
regarded as different entities. It is not unusual for 
symptoms first to become apparent following an 
acute infection. 

The lesions in the skin usually consist of minute, 
Tcd^ hemorrhages which differ from telangiectases 
in that they do not blanch on pressure. Often ec- 
chymoses are found as well. Mucous membrane 
hemorrhages are common, bleeding from the nose, 
mouth, or uterus being particularly frequent and 
sometimes severe. Not rare are instances in vvhith 
menqnhagi^is t^e_ chief complaint, and this often 
islhe only prominenf clinical sign other than the 
abnormalities in the blood. Bleeding, however, may 
occur into any tissue and from any orifice. Fre- 
quently, also, excessive bleeding may be noted fol- 
lowing tooth extraction, tonsillectomy, operations, 
or injuries. 

Fever of mild degree may be present in acute 
cases. The spleen may extend a fingerbreadth below^ 
the costal margin. There is no general glandular 
enlargement, sternal tenderness, or other phj’sical 
sign other than those allnbutable to hemonhage or 
anemia. 

Blood and Bone Marrow Findins*- These have, 
in the main, been mentioned already. What plate- 
lets may be seen in the blood smear are often un- 
usual in appearance; giant or minute forms, or 
deeply stained ones. The bleeding tune may be 
sbghtly, moderately, or greatly prolonged (8 to 60 
min or more). Anemia, if present, is proportional 
to the amount of blood lost. If there has been much 
bleeding, signs of stimulated er}'thropoiesis will be 
found: icticulocytosis, polychromatophilia, even oc- 
casional normoblasts. The leukocyte count may be 
normal, but if acute blood loss has taken place tiiere 
may be a moderate leukocytosis with slight "sliift 
to the lcft.“ In some chronic cases lymphocytosis 
has been observed. 

Diagnosis. Hemorrhage not due to obvious cause, 
if associated with thromlxicjlopcnia, prolonged 
bleeding time, poor clot retraction, and positive 
toumKjuet test can be atlnbutcd to thrombocyto- 
penic purpura. Prolonged bleeding time is charac- 
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terisfic of von Willebrand’s disease (p. 1317) and 
may be found, lliougb rarely, in a number of con- 
ditions in which coagulation time is prolonged, 
provided the blood and tissues are se%‘ercly im- 
poverished in coagulation factors (see Tabic 24-4, 
Chap. 24, p. 228). These include hemophilia and 
hjpoprolhrombinemia. A positive tourniquet "test is 
found in m^y circumstances other than thrombo- 
c)topenfc purpura (p. 227). Poor retraction of the 
clot is found, with rare exceptions, only when the 
platelets arc reduced in number. The combination 
of these abnormalities is characteristic of thrombo- 
c}'topenic purpura. 

Before a diagnosis of purpura hemorrhagica can 
be made, howc\er, the recognized causes of throm- 
bocj'topenic purpura must be excluded. They are 
listed in Table 238-1. The history and physical ex- 
amination will serve to rule out many of these con- 
dib'ons. Adcnopatliy and sterna] tenderness, as well 
as anemia out of proportion to the blood loss, c\cn 
in the absence of striking changes in the leukocytes, 
should suggest leukemia. Persistent leukopenia sug- 
gests leukemia, aplastic anemia, disseminated lupus 
crj’lhematosus, or one of the splenic disorders. 

Treatment and Prognosis. The first principles in 
the therapy of thrombocytopenic puqiura are e.x- 
pectant management and a search for possible eli- 
ologic factors. If one is found or suspected, further 
exposure should be stopped. Expectant therapy, in 
addition to appropriate rest, nursing, and diet, in- 
cludes iron if there has been blood loss, and ^ood 
transfus^ if this loss has been scN'erc. The use of 
siliconized apparatus or plastic equipment in trans- 
fusion or the use of platclet-rich blood, or both, is 
helpful as a temporary measure, but it is noteworthy 
that piglet transfusions have limited value, sin.ee 
platelet survi%'al tends to decrease progressively 
when repeated transfusions are given. 

These measures are recommended because spon- 
taneous remissions are common, especially in chil- 
dren. They can be complete and permanent. Re- 
missions are particularly likely to occur if the onset 
has been acute and there is no history of previous 
hemonhagic manifestations. Unfortunately the dan- 
ger of bleeding into a vital organ such as the brain 
makes the ^valting period a trying Qne._JlecuTrences 
are hWee as common in females as in males. A 
moie ox less chronic course, punctuated perhaps 
more acute phases, is more often seen in adoles- 
cents and adults but occurs at all ages. 

The use of adrenocorticotropic hormone, corti- 
sone, or prednisone is often associated svjth a de- 
crease of bleeding phenomena and the thrombo- 
cytopenia may decrease or disappear, but these 
effects are temporary’. These hormones arc useful 
chiefly, therefore, in the management of hemor- 
rhagic emergencies and in the'" preoperative prepara- 
tion of patients for splenectomy. Those wliieh can 
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Table S3S-1. CLASsrrtCATio.'j or TirRosmocYTorEs'ic 
ruBrcuAS 

I. “Essential” or “primary” purpura hemorrhagica; 

idiopathic tiirombocytopenic purpura (ITP) 

II. S^rniptomalic purpuras 

A. Cliemiciil, vegetable, animal, and physical agents 

1. Chemical 

a. Myelosiippre&sjve agents: nitrogen mus- 
tards, TEM, busul/an, urethan, antimeta- 
liolites, benzol 

b. Agents nhich in therapeutic doses produce 
purpura mainly because of individual sensi- 
tivity: organic arscnicals, Sedormid, quini- 
dine, quinine, sulfonamides, gold salts, 
chlorothiazide (Diuril), hydrochlorothiaz- 
ide, butobarbitone; and possibly also aceta- 
lolamide (Diamox), chloramphenicol, peni- 
cillin, chlorophenotbane (DDT), mepro- 
bamate (Equanil, Miltown), stibophen, 
oxytetracycline, para-aminosslicj-ljr acid, 
fitreplomyciu, phenylbutazone, antipyrine, 
sodium salicylate, tridione, tneparfynol, 
phenobarhita], sllyl-isopropylbarbitunc 
acid, thiourea, dinitropbenol, digitovin, 
mercurials, potassium iodide, bUmutb, 
ergot, organic hair dyes, estrogeas, tolbut- 
amide (Orinase), chlorpropamide (Diabo- 
ncse) 

2. Vegetable: Foods, orris root 

3. Animal; Snake venoms, pertussia vacclo®, in- 
sect bite 

4. Physical: X-rays and ether forms of Ionizing 
radiation, heat stroke, exteosive bums 

D. Blood disorders 

1. Ecukemios: Acute, or late stages of chrome 

2. Anemias 

a. Aplastic — Idiopathic or due to physical or 
chemical agents 

li. Myelophtliiaic (tumors in hone marrow, 
osteosclerosis, etc ) 

c. Pernicious anemia 

rf. Acquired hemolytic anemias of immune 
body type 

3. Splenic disorders; Congestive splenomegaly, 
Gaueber’s disease, Felly's syndrome, rarely 
Hodgkin’s disease 

4. Mtscellancous: Acute purpura with platelet 
thrombi in capillaries (“thrombotic thrombo- 
cytopenic purpura") 

(7. Infections and other conditions: Septicemia, sub- 
acute bacterial endocarditis, typhus, measles, 
vaccinia, infectious mononucleosi*, etc.; lupus 
erythematosus, sarcoidosis, hemangioendotheho- 
ma, massive blood transfusions 

soitbce: Adapted from M. M. Wintrobe: "Clinical 
Hematology," Sth ed., Philadelphia, Lea A Fcbiger, 1001. 

be given orally are preferred. In general 75 to 250 
zng cxjrtisone or 20 to 60 mg prednisone is given 
per day, in divided doses. 
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Splenectomy results in "cure” in approximaldy 
two-thiids of patients. Fol!ov.ing splenectomy the 
platelet count may increase rapidly and to abnor- 
mally high levels or, more often, it maj’ rise grad- 
ually. Bleeding often ceases even though the plate- 
let count may not ha\’e increased greatly, an effect 
which suggests an influence of the spleen on capil- 
lary function. In the bone marrow the previously 
abnormal megaVaryocjtes in most instances soon 
appear to be quite normal again and are seen to be 
surrounded by platelets. Even when splenectomy is 
not followed by complete recovery, considerable 
improvement can be expected. 

Splenectomy is indicated (1) in those cases of 
idiopathic thrombocytopenic purpura in which 
spontaneous remission has not occurred after six or 
more months’ observation and the clinical manifes- 
tations ore moderate or severe, (2) in patients who 
appear to respond to steroid therapy but require 
relatively large doses to maintain a clinical state 
devoid of serious hemorrhage and who have shown 
no tendency to spontaneous remission in 6 to 12 
months of observation; (3) in the rare patient 
whose growth and development or soda\ or eco- 
nomic status is seriously Impaired by recurrences; 
(4) In a woman in the later stages of pregnancy, 
if the condition is severe and If other measures 
have failed; (S) in secondary forms of thrombocy- 
topenic purpura In which the cause cannot ^ 
treated or removed and }'et the bleeding manifes- 
tations are severe (e.g., same cases of Caucher’s 
disease). The operation is not indicated (I) early 
in the first episode, especially in children, since 
spontaneous recovery is much more common than 
the reverse; (2) in most cases of symptomatic pur- 
pura; (3) in neonatal purpura, since recovery takes 
place naturally; (4) in cases in which the dia^osls 
has not been established clearly; and, some would 
add, (5f in acute /almina<uig cases since mortatily 
then is high. However, others consider this to be 
an indication for emergency splenectomy, and the 
question must be considered unsettled. Claims that 
splenectomy causes "dissemination" of unrecog- 
nized lupus erythematosus and increases the hazard 
of infection have not been substantiated c<mv^nc- 
mgly. 

In patients with idiopathic thrombocjiopcnic 
purpura other operations should not be carried out 
before splenectomy has been done, since the bleed- 
ing may be severe and serious. 


NONTIIRO.MBOCITOPENIC PURPURAS 

A number of tyTies of purpura are not accom- 
panied by Ihrombocjlopenia. 

Some of these purpuras have been discussed 
already (p. 223), but allergic puqiura and certain 

.. ■■ ) 
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other tare purpuric disorders deserve more com- 
plete consideration. 

Allergic Purpura 

In this form of purpura there is found one or 
more of the common s}’mptoms of allergy such as 
eiylhema, urticaria, or effusions of serum into sub- 
cutaneous or submucous tissues or viscera. There 
may be concomitant articular symptoms (Sc/idn- 
lein’e purpura, pcliosis f/ie«w<Jtiea), crises of ab- 
dominal pain (Henoch’s purpura), or no localized 
signs (purpura simplex). Constitutional symptoms 
such as fever and malaise may be present. The 
manifestations may wax and wane in intensity, ex- 
tent, and nature. In various combinations, erythema 
(multiforme, bullosum, vcsiculosum, nodosum), 
urticaria, and edema may be encountered. Necrotic 
areas may develop, to be followed by the formation 
of bullae or ulcers. The sldn lesions may appear in 
crops and may be accompanied by itching or par- 
esthesias. There may be hemorrhage from the visi- 
ble mucous membranes. Kidney lesions similar in 
nature to those found in the skin may develop and 
cause hematuria, proteinuria, and profound though 
temporary disturbance of renal function. 

Etiology and Pathogenesis. These purpuras arc 
more common in children and young adults than in 
older age groups. The true nature of these purpuras 
is unknown. The resemblance to serum sickness 
suggests on allergic basis, but only in a minority 
has an allergic cause been demonstrated In some 
cases the exciting agent appears to have been bac- 
terial (streptococcus, antityphoid vaccine) or an 
article of food (milk, eggs, pork, strawberries, etc.), 
In others, hypersensitivity to cold has appeared to 
be the factor. Comparison of the se.x ratio, age of 
onset, seasonal trends, and incidence of previous 
upper respiratory tract infections, particularly those 
associated wi'th a fiemofylic streptococcus, and 
similarities in the latent period before the onset of 
symptoms suggest a close relationship between the* 
Henoch-Schonlcin syndrome and acute nephritis 

It is likely that an antigen-antibody reaction oc- 
curs which takes place especially in the endothelium 
of certain blood vessels. As a result, there is an 
aheralvon in the permeability of the small blood 
vessels. Perivascular inflammation has beem ob- 
served about the small vessels of the corium of tlio 
skin. The various manifestations arise from extrava- 
sations of vary'ing proportions of plasma and formed 
elements of tlie blood. Mechanical factors may pos- 
sibly influence the localization of the lesions in 
addition to the local vascular changes. In Hcnochjs 
pu^ura^ nn _urticarial, Sfr^>’'*mor*'h3gic effusion 
into the intestinal w-all h of tint eidicky,’ 

jfnd sometimes eve- ‘ Uuwltscj^t^- 

Diagnosis. Diapiosls is ‘ xwB pur- 
pura is not present n -B^pouh's 




THE HEMATOPOIETIC SYSTEM 

ToJile S3S-S. cLAsstncATioN or KONTORostoocrropESic 
roRPCUAS 

I. Allcrpc purpura: Purpuras of Henoch and Pchwi- 
Icin, er>-Uicma3 of Osier 

II. Symptomaljc purpura 

A. Infections: Subacute bacterial endocarditis, 
memngococcomia, staphylococcemia, typhoid 
fever, rheumatic fever, scarlet fever, smallpoT, 
measles, diphtheria, Rocky Mountain spotted 
fever 

D. Chemical and animal agents: Iodides, bella- 
donna, atropine, quinine, procaine penicillin, 
bismuth, mercury, copaiba, phenacetin, salicylic 
acid, merbapben, chloral hydi&tc and other hyp- 
notics; snake venoms 

C. Avitaminosis: ecurvj' 

D. Certain skin diseases: Ehicrs-Danlos syndrome, 
annular telangicctalic purpura, etc. 

E. Chronic diseases: renal, cardiac, hepatic; hemo- 
chromatosis, Cushing's syndromo, polycythemia 
vera; generalized amj loidosis, btood-bome carci- 
noma emiKili 

f . Various forms of dysglobuiinwnia: multiple mye- 
loma, cryoglobulinemia, hypcrglobutincmia, mac- 
roglobulinemia; purpura hyperglobuVmemica 

III. Purpuric disorders associated with quilitafive ab- 
normalities of platelets. Thrombocytopathic pur- 
puras 

A. Prolonged bleeding time: von Willebrand’s dis- 
ease. Constitutional thrombopalhy 
IS. Other thrombocytopathies, congenital and ac- 
quired 

C. Defective clot retraction. Glanzmann's tlirom- 
basthenia 

D. Unclassified varieties 

lY Purpura associated with increased capiiiary frspiity 

A. Hereditary familial purpura simplex 

B. Unclassified varieties 

V. Purpura associated with increased number of plate- 
lets. Hemoirhsgic thromlxicylhemia 
VI. Miscellaneous forms of purpura 

A. Purpura simplex, purpura senilis, purpura cachec- 
tiea, mechanical purpura, orthostatic purpura 

B. Purpura fulmtnans 

C. Purpura in women. Vicarious bleeding. Auto- 
erythrocyte sensitization 

boobce: Adapted from M. M. Wintrobe: "Clinical 
Hematology," 5lh ed., Fhiladelphhi, Lea & Febiger, 
1961. 

purpura, crises of pain may develop which, in the 
absence of purpura and accompanied as they may 
be fay leukocytosis, cannot be clearly d]stingiii$hed 
from acute abdominal conditions which call for op- 
erative intervention. Eosinophilia may be present, 
and then an allergic rather than an inflammatory 
leaction may be suspected. Acute nepbritis may 
be simulated when the kidney is involved Hema- 
turia may be a prominent symptom in suidi cas^, 
just as melena may occur in Henoch’s purpura. The 
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Schonlein ^"pe may be mistaken for rheumah'c 
fever. 

UTien purpura is discovered and there are exuda- 
tive skin lesions at the same time, diagnosis is much 
easier, since these lesions arc not encountered in 
other fonns of purpura as a rule. Various chemical 
agents (e.g., quinine) may also produce nonthrom- 
bocytopenic purpura (Table 238-2). Furthermore, 
this may be a symptom of a variety of diseases, 
already discussed (p. 223). 

Treatment and Prognosis. Treatment is purely 
symptomatic. Naturally, if an etiologic agent is dis- 
covered or suspected, further e.xposure should be 
eliminated. Desensitization may be attempted if the 
exciting agent is protein in nature. Allergic pur- 
pura is rarely fatal. Individual attacks last from 1 
to 6 weeks. Recunences at intervals of months or 
years are not unusual, however, and in some cases 
gtomenilonephrilis has developed in association 
with or in the wake of the purpuric disorder, with 
the consequences usual in that condition- Results of 
hormone therapy (ACTTH, adrenocorticosteroids) 
have been equivocal or disappointing. 

Other Ilemorrhaaic (Purpuric) Disorders 

A variety of hemorrhagic disorders characterized 
in the main by spontaneous bleeding from the mu- 
cous membranes and from the internal surfaces of 
the body, and often by petechlae and eechymoses 
as wcU, have been described which cannot be fitted 
into the categories already discussed. Posttraumatic 
and postoperative bleeding is not unusual in these 
cases. Of these conditions, von Willebrand’s dis- 
ease and Glanrmann’s thrombasthenia are becom- 
ing better defined as entities. 

Von WillebrontTs disease, a hemorrhagic diathe- 
sis inherited as a simple mendelian dominant trait 
and affecting both sexes, is characterized by pro- 
longed bleeding time, normal platelet coun^ nor- 
mal coa^Iation time, and normal clot retraction. 
The tourniquet test may or may not be positive. 
The tendency to bleed appears early in childhood 
and takes the form of epistaxis, bleeding from the 
gums, or from the female genitalia. Hemorrhage 
from the gastrointestinal or urinary tract may oc- 
cur, and there may be prolonged bleeding from 
injuries and operation sites. 

The discovery that similar cases might be asso- 
ciated with a deficiency of factor VIII, the anti- 
hemophilic globulin, led to the introduction of the 
terms vascular hemophilia and angiohemophiUa. It 
is possible that von Willebrand’s disease and an- 
giohcmophilia represent a single entity with vari- 
able expressivity. The underlying heritable defect is 
cArscuie. Cases have been described with morpho- 
logic defects in the platelets, or functional abnor- 
mality, or distorted and bizarre capillaries which 
fail to contract following injury. 
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The teroi throjnbocijtopathy has been applied to 
disorders characterized by deficient platelet func- 
tional activity. The platelet abnormality i$ qurdita- 
tice rather than quantitative, as in the thrombocy- 
topenias. Von Wihebrand's disease is thought to 
represent one form of constitutional thrombocy- 
topathy. Faulty platelet function may also dcwl^ 
in association with various clinical states, such as 
uremia (“acquired tlirombocytopathy”). 

G7a^nsmflhn’i f/iromborihen/a, another fonn of 
constitutional thrombocytopathy, refers to excessive 
hemorrhage in which the bleeding time, platelet 
count, and coagulation time are normal but dot 
retraction is poor and the morphology of the plate- 
lets is abnormal. Several varieties have been de- 
scribed. Thus, in the so-called Glanzmann-Naegeti 
type of thrombasthenia, small round platelets, nor- 
mal or increased in number but with impaired ad- 
hesi\cness and agglutinability have been described. 
By electron microscopy it has been observed that 
the platelets are unable to fonn pseudopods or to 
spread in contact wlh a wetlable surface. Enzy- 
matic deficiencies and reduced lc^’cls of adenosine 
triphosphate (ATP) have been demonstrated in 
the platelets in one group of cases; evidence has 
been given of defective utilization of ATP in other 
cases. 

Surgical procedures in cases such as these should 
be avoided. Bleeding is managed by pressure, the 
application of thrombin>fibr{n foam, and blood 
transfusion, when necessary. 

Ilemofrltagic thrombocylhemia is a strange and 
rare disorder in which hemoniiaglc phenomena oc- 
cur in spite of the presence of greatly excessive 
numbers of platelets. The spleen may be enlarged 
and leukocytosis of marked degree may also be 
present. 
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OQQ HEMOPHILIA 

and related disorders 

A/. Af. Wintrobe 
IIEMOPIIILU 

Definition. Hemophilia is a constitutional anom- 
aly of blood coagulation which depends on the in- 
heritance of a sex-linked, recessive mendelian trait 
transmitted by the female and affecting only males. 
It is characterized by a lifelong tendency to exces- 
swe bleeding. The coagulation lime is prolonged. 

History. A clear description of this disorder was 
published in 1803 by Otto of Phihidelpliia. How- 
ever, it is apparent from passages in Talmud 
that the condition was known to the ancient Jews, 
who c\-en proscribed circumcision in those whose 
family history suggested this disorder. 

Etiology and Pathogenesis. The factor or gene 
responsible for the development of hemophilia ap- 
pears to be carried In the X chromosome of the 
reprodurtive cells. The disease is limited to the 
male and is transmitted from the male llirough an 
unaffected daughter to her son The daughters 
of an affected male transmit the trait ns an evident 
defect to half their sons and as a hidden (recessive) 
characteristic to half their daughters. TTie occur- 
rence of hemophilia in the female would require 
the marriage of a hemophiliac male with a carrier 
female. Such cases have been dcscribeil, but they 
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are exceedingly rare. Sporadic cases of liemophilia 
have been observed in which the famdy history was 
negative. These can sometimes be explained by 
long inheritance tlirough females xvilh the males 
being, by chance, nnalTected. Illegitimacy may be 
responsible for other instances, while still others 
may represent the disease arising de noco. 

It is generally accepted that the abnormality in 
hemophilia is due to the absence or reduction in 
the blood of a component essential for the forma- 
tion of plasma tliromboplastin (factor VIII, anti- 
hemophilic globulin). The role which this substance 
plays in Uie process of coagulation was discussed 
earlier (Chap. 24). 

Symptomatology. Hemorrhage, usually following 
trauma but sometimes spontaneous, is the essential 
S)’mptom. The bleeding is in the nature of a per- 
sistent, slow oozing which is out oi all proportion to 
the extent of the injury. Tliis tendency to prolonged 
bleeding usually appears in early childhood, even In 
infancy. The bleeding may last not only hours but 
days and even weeks, and may lead to profound 
anemia. Subcutaneous and Intramuscular hemor- 
rhages are common. Petechiae are very rare. He- 
matomas may be large. There may be severe bleed- 
ing from the moulli, gums, lips, tongue, or gastro- 
intestinal tract. Epistaxis is a common symptom. 
The eruption and loss of teeth may be accompanied 
by severe bleeding. Hematuria is relatively common 
and hemorrhage into joints is characteristic. lie- 
currences are the rule, and ultimately a perma- 
nently swollen joint with local deformity, contrac- 
tures, and muscular atrophy are produced. 

The blood In typical cases is normal except for 
the prolonged coagulation time and the manifesta- 
tions which hemorrhage produces (p. 1278). Curi- 
ously, die degree of prolongation of coagulation 
time, like the symptoms of this disorder, varies 
from time to time. Platelets are normal in number. 
Only rarely is bleeding time prolonged. 

^ It has been shown that cases of hemophilia occur 
■^vhlch are less severe than the classic type just de- 
scribed. Assays of plasma antihemophilic globulin 
(AHG) have shown a great range in the quantity 
of this essential substance. Four grades of hemo- 
philia have been distinguished, viz., classical he- 
mophilia, in which the plasma AIIG is 0 per cent; 
moderate hemophilia, characterized by the occur- 
rence of subcutaneous hematomas and postopera- 
tive hemorrhages, essentially normal coagulation 
time, normal prothrombin consumption, and less 
than 3 per cent AHG; mild hemophilia, in which 
coagulation time and prothrombin consumption are 
normal and the plasma AHG is approximately 16 
per cent; and subhemophilia, in which there may 
only be a history of prolonged postoperative ooz- 
ing. The plasma AHG is in the neighborhood of 33 
per cent, as compared with the normal value of 65 
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to 136 per cent. Frequently the seterity of the dis- 
order is constant in a given family, as if not only 
the defect but also its degree were an inherited 
characteristic. 

The bone monoxo is normal except for normo- 
blastic hyperplasia when hemorrhage has been se- 
vere. 

Diagnosis. Although hemophilia and purpura 
hemorrhagica are often confused with each other, 
differentiation is easy as a rule, for the latter con- 
dition involves thrombocytopenia, prolonged bleed- 
ing time, poor clot retraction, and a positive tour- 
niquet test. In hemophilia the patient is normal in 
these respects and, in the classical disorder, coagu- 
lation time is prolonged. There is, in addition, the 
history of repeated, protracted hemorrhage, usually 
first manifested in early childhood, as well as the 
characteristic family history, Occasionally difficulty 
in diapiosis may arise if attention is attracted only 
to the joint manifest-itions or to a swelling not rec- 
ognized as a hematoma. In a similar manner, the 
bleeding may suggest kidney disease, pulmonary 
disease, or peptic idcer. 

Other Disorders of Coagulation. The develop- 
ment of more precise methods of laboratory exam- 
ination has resulted in the discovery of new enti- 
ties, hitherto confused with classic hemophilia and 
the purpuras, in addition to recognition of the fact 
that mdd forms of hemophilia e.xist. Many of these 
disorders were mentioned earlier (Chap. 24). The 
results of various laboratory tests in a number of 
these conditions are presented in Table 239-1. 

In cases of hemophilia with normal or only 
slightly impaired coagulation time, the prothrombin 
consumption test will be found reliable and sensi- 
tive, although it is not specific; reduced prothrom- 
bin consumption is found also in various disorders 
associated with thrombocytopenia, as well as in. 
patients xvith hemorrhagic manifestations due to 
anticoagulants affecting thromboplastic activity. 
The absence of a circulating anticoagulant can be 
demonstrated by adding the patient's blood in vary- 
ing proportions to normal blood. The clotting of 
normal blood is not delayed by the addition of even 
50 per cent of hemophilic blood. 

The one-stage prothrombin time separates hemo- 
philia from conditions associated with true pro- 
thrombin, factor V, factor VII, and factor X defi- 
ciencies, and also from many cases in which there 
is a circulating anticoagulant. In hemophilia, in 
contrast to these conditions, prothrombin time is 
normal. The deficiency in hemophilic blood can be 
corrected by the addition of a small proportion of 
nomal plasma. The degree of reduction in anti- 
hemc^hilic globulin content can be assayed roughly 
this means. 

It xvas pointed out earlier that assays for anti- 
hemophilic globulin have revealed a mild fonn of 
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Table £39-1. bleedis’o asd coaoclatios tests is some or the HEMonanAaio disorders 


Disease or condition 

Thrombo- 

cytopenia 

Bleeding 

time 

prolonged 

Got 

retraction 

poor 

Tournitiuet 

test 

positive 

Coagula- 
tion time 
prolonged 

Pro- 

thrombin 

time 

(one-stage] 

prolonged 

Pro- 

Ihrombm 

con- 

sumption 

impaired 

and 

throrolx)- 

plastic 

generation 

reduced 

Purpura, UirombocAtopcnic 

+ 

+ 

+ 

-f- 


_ 

+ 

Purpura, nonthroniboevtojAcntc 

— 

— 

_ 

± 

— 

— 

— 

Hemophilia tbemophiha A). . . 

— 

-• 

- 

- 

+t 

- 

+ t 

ITC deficiency (hemophilia D). 

- 

-• 

— 

- 

+ t 

- 

+t 

Dicoumarm excess 

— 

— ♦ 

— 

— • 

— • 

+ 

— 

t actor V delieiency 

— 

- 

— 

- 

+t 

+ 

+ 

Factor VII deficiency 

— 

— 

— 

— 

+ t 

+ 

- 

llypoprothromhincmia 

- 

— 

— 

— 

+ 

+ 

— 

Afibrinogenemia 

_ 

+t 

- 

- 

+ 

+ 

- 

Anticoagulant excess. . . . 

- 

— • 

— 

— 

+ 

± 

± 

von Witlebrand's disease . . . 


-h 

- 

± 

- 

- 

- 


* May be prolonged 11 condUion i« acvere. 
1 May be aorm&l if condUion U mild. 


hemophilia In which even prothrombin consump- 
tion Is normal or equivocal. An additional obser\’a- 
tion of interest is that, unlike classic hemophilia, 
some of the hetcrozygotes show a diminution In 
antihemophilic globulin, a finding which suggests 
that the gene is not completely recessive, as it is 
in classical hemophilia, and for this reason the con- 
dition has been attributed to an allelic mutant of 
the hemophilia gene. 

The unequiAocal identification of female earners 
of hemophilia cannot be made by present methods, 
but low IcAcIs of antihemophilic globulin have been 
demonstrated in a number of female carrieis. Fur- 
thermore, some female caniers have an unusual 
tendency to bleed. 

A number of disorders are noAv recognized Avhich 
involve tlie first stage of coagulation. To distinguish 
these from one another the thromboplastin genera- 
tion test is especially useful. Thus factor IX defi- 
ciency [plasma thTombopla-^Iln component (PTC) 
deficiency, Christmas disease] is clinically indis- 
tinguishable from classic hemophilia. This disorder 
IS due to the lack or deficiency of a coagulation 
factor necessary for tbc formation of tbrombo- 
plastin AAhich is present in normal and in hemo- 
phdic plasma. Both sescre and mild forms of the 
disorder have been encountered. Tlie coagulation 
lime is usually prolonged, and protlirombin con- 
sumption IS impaired, but cases Avitb normal values 
haAc also been obsened The missing coagulation 
factor IS most readily obtained from scrum. Since 


this condition resembles hemophilia in its clinical 
manifestations and mode of inheritance, it has been 
called hemophilia B, the letter A being used to refer 
to the classic condition. The ^^'o types of hemo- 
philia can be distinguished in vitro by the correc- 
tion of the coagulation defect of the one by the 
other, and of both by the addition of normal plasma. 
Another simple test consists in the correction of the 
clotting defect in PTC deficiency by the addition of 
normal serum and the failure of such correction in 
cbssical hemophilia. 

Still otlier disorders resembling hemophilia haA’C 
been desenbed. They include plasma thrombo- 
plastin antecedent (PTA) deficiency, Avhich differs 
from hemophilia and PTC deficiency in that the 
manifestations occur in either sex. Tlie condition 
appears to be transmitted as an autosomal dom- 
inant trait Avith a high degree of penetrance but 
variable erpression. Spontaneous bleeding is tare; 
bleeding has occurred usually folloAAing trauma or 
a surgical procedure, including tooth extraction. 
Various degrees of scA-erity have been obser\cc!, 
ranging from a severe form Avith prolonged coagu- 
lation time and markedly abnormal prodwombin 
consumption, to a mild form Av-itli normal coagula- 
tion time and only slightly imp.iirecl prothrombin 
consumption. Tliromboplastin generation is mark- 
edly impaired. The defidency In this disorder is 
corrected both by plasma absorbed 'vith BaSO<, 
ndiic^ corrects factor VIII (AUG) deficiency, and 
by serum, aaIiIcH corrects factor IX (PTC) defi- 
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cicnc)'. PTA is a globulin which is stable on storage 
and is present in normal serum, where it is localized 
in the , 03 -globulin fracb'on. Studies of the relative 
incidence of hemophilia, PTC, and PTA deficiencies 
have yielded ratios of approximately 10:2:1. 

Course and Prognosis. The tendency to bleed 
varies from time to time and diifers in degree from 
one family to another. The typical hemophiliac 
patient rarely survives to adulthood %vithout suf- 
fering some disabling deformity of Uie joints. The 
prognosis differs, however, in accordance with the 
severity of the deficiency’. Death may occur from 
exsanguination following surgical procedures or 
accidental cuts. L.css often it is due to internal 
hemorrhage. 

Treatment. The prexention of hemophilia, 
whether due to factor VIII or factor IX deficiency, 
depends on appropriate restriction of marriage or at 
least of propagation. Only unaffected males can 
marry with any assurance tliat the hemorrhagic 
tendency will not be transmitted. 

Affected individuals and male cfiildrcn of tainted 
stock must bo guarded against trauma, and surgical 
measures, ci'cn the most minor ones, should be 
avoided whenever possible. If some procedure 
uhich may entail bleeding is absolutely ncccssaiy, 
it should be done only in a hospital and with 
plentiful amounts of fresh blood and plasma avail- 
able. Normal plasma, kept solid or dried lyopbil- 
ically within a few hours of its withdrawal from 
the body, will retain its antihemophilic effect al- 
most indefinitely. Although as little as 50 ml fresh 
plasma Avill maintain the coagulation time of a 
hemophiliac of moderate severity within normal 
limits for about 2-1 hr, in practice it is wise to use 
much larger amounts. Therapeutic failures are 
almost always attributable to the administration of 
too little blood or plasma, to the too wide spacing of 
transfusions (interv’als longer than G hr), and to 
the too early interruption of therapy. The admin- 
istration of blood should be continued for several 
days after bleeding seems to have ceased. Unfor- 
tunately no satisfactory source of antihemophilic 
factors is readily available other than whole blood 
or plasma. When internal bleeding occurs, transfu- 
sions of blood and plasma are the only measures of 
value and cany the minimum of risk. Surgery is 
contraindicated. Prior to any surgical measure, such 
as tooth extraction, at least 500 ml fresh plasma 
should be given. In contrast to its effectiveness in 
PTC deficiency, serum is devoid of activity in 
classic hemophilia. 

An essential in the local management of bleed- 
ing in hemophilia is the avoidance of tissue injury. 
The existence of damaged or devitalized tissue 
merely prolongs the period of subsequent hemor- 
rhage. Thus, for example, in dental extraction, gum 
margins should not be sewn together. ^Vhen there 
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is free bleeding, pressure must naturally be applied, 
but it should be temporary and gentle and should 
be supplemented by the use of coagulants such as 
HusscU's viper venom or thrombin (“hemostatic 
globulin”). These measures may be followed by the 
application of absorbable hemostatic dressings such 
as human fibrin, fibrin foam, gelatin sponge, or oxi- 
dized cellulose. Following tooth extraction, a pre- 
viously made dental splint wll keep the dressing in 
place witlr a minimum of movement. 

Unfortunately, in some patients w’ith hemophilia 
antibodies with an anticoagulant action have de- 
veloped following repeated transfusions. This ap- 
pears to be due to immunization against the anti- 
Itemophilic factor. 


HEREDITARY HEMORRHAGIC 
TELANGIECTASIA 

Definition. This is a vascular anomaly charac- 
terized by multiple dilatations of capillaries and 
venules in ihe skin and mucous membranes. The 
anomaly is transmitted as a simple dommaot trait 
by both sexes. 

Etiology. The telangiectases may be found in 
childhood, but they increase in number as age ad- 
vances. Bleeding may not commence until adult 
life has been reached. 

Symptomatology. Epista.xis is especially common, 
but bleeding may come from telangiectases wher- 
ever they are; the face, tongue, lips, or gastroin- 
testinal. respiratory, or genitourinary tracts. Those 
on the skin arc less likely to bleed than are telan- 
giectases on mucous membranes. The telangiectases 
range from pin point to about 3 mm in diameter, 
are bright red or wolaceous in color, and charac- 
teristically blanch on pressure. Sometimes they form 
nodular vascula?" tumors the size of a split pea, 
such lesions resemble those of a very rare, probably 
systemic condition, angiokeratoma corporis diffu- 
sum (Fabry), which may be due to a hereditary 
defect in lipid metabolism and in which there is 
widespread involvement of the media of the blood 
vessels, with manifestations in the renal, pulmonary, 
and other systems of the body. In elderly patients 
some of the lesions of hereditary telangiectasia may 
become spiderlike, resembling those associated with 
hepatic Insufficiency. Trivia! trauma sustained by 
these abnormal, relatively exposed vessels results in 
an unusual amount of bleeding. The blood is normal 
except for the effects hemorrhage may have pro- 
(hiced. The tourniquet test is negative. 

Diagnosis. This depends on recognirion of the 
vascular anomalies, which are easily overlooked. 
Purpuric spots do not fade on pressure.. 

" In a number of cases of this disorder pulmonary 
arteriovenous fistula has been observed. 



1322 src. 1 


DISEASES or ORGAN SYSTEMS 


Treatment. The telangiectatic vessels are exces- 
sively fragile, but oxidized cellulose (Oxycel), 
Gelfoam, or similar hemostatic agents usually suffice 
to control an existing hemorrhage If they are ap- 
plied carefully. Although the primary bleeding site 
can be cauterized or destroyed by electrocoagula- 
tion, satellite lesions soon form nearby. Prophylaxis 
is unsatisfactory. Many procedures have been tried, 
including estrogen and androgen therapy* with 
doubtful effect. 
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Q/tn agranulocytosis and 
A^yj the pancytopenias 

M. M. Wintrobe 
ACRANULOCITOSIS 

Definition. Agranulocytosis (agranulocjiic an- 
gina) IS a disorder characterized by severe sore 
thniat, marked prostration, and extreme reduction 
or even ctimplcte disappearance of the granulocytes 
from the blood. This clinical picture, first recognized 
by Schultz in 1922. was observed most frequently 
m VI omen of middle age and often ended in sepsis 


and death An etiologic relationship to the Liking 
of certain drugs has been demonstrated 

Etiology and Pathogenesis. In 1931 Kratlo 
pointed out that the sudden appearance of this 
syrndrome corresponded with the introduction of 
certain coal-tar derivatives as therapeutic agents 
Tin's was borne out by considerable crrcumsfanti.il 
evidence which incriminated, in particular, the anti- 
pyretic, aminopyrine (Pyramidon). The course of 
ev'ents in affected individuals would seem to be (1) 
granulocy'topcnia as the result of some effect in- 
duced by’ the drug; (2) loss of resistance to infec- 
tion, development of sore throat; (3) ov’crwhelming 
sepsis and death That some form of tissue injury, 
in addition to leukopenia, may be a factor in the 
pathogenesis of this syndrome is suggested by the 
frequency with which one may encounter leuko- 
penia, even of severe degree, following nitrogen 
mustard therapy witliout sepsis developing. 

“The most striking change observed in the bone 
marrow is a kick of juvenOc and segmented neutro- 
philic leukocytes, less mature forms being plentiful. 
This picture has been referred to as “maturation 
arrest,” but it could as readily result from abnormal 
peripheral destruction of the leukocytes or their 
segregation somewhere. 

Drugs producing leutcopcnla may bo divided into 
two main groups— n.imely, those which produce 
this effect in all individuals if given in sufficient 
amounts, and those which c.'iuse leukopenia only in 
certain “sensitive” persons (Table 240-I). Various 
data suggest that between 0 5 and 4 per cent of 
patients taking the second group of drugs develop 
granulocytopenia. In group III are listed dru^ 
which have been incriminated in a few case reports 
but which cannot be regarded as well-established 
causes of leukopenia. 

It IS likely that granulocytopenia develops by 
more than one mechanism. Some cases are en- 
countered in which no drug seems to be incrimi' 
nated Those dnigs which produce granulocyto- 
penia in all persons when given in sufficient 
amounts probably do so through their toxic effects. 
Agents such as aminopyrine probably require a 
peculiar sensitivity or idiosyncrasy on the part of 
the patient. Rarely other manifestations of sensi- 
tivity, such ns rash, urticaria, and edema, may be 
present or may have occurred on otlicr occasions. 
Furthermore, in patients who have recov'ered from 
aminopyTinc-induccd agranulocytosis, the admin- 
istration of small amounts (0.2 Gm) of the drug 
may be followed witliin 6 to 10 hr by disappearance 
of all the neutrophils from the blood. It lias also 
been shown that the blood of such a person, vvitli- 
dravvn 3 hr follovv-ing ingestion of the drug, pro- 
duces outspoken granulocytopenia within 20 to 40 
min after its transfusion into normal persons. In 
the plasma and scrum of the sensitiv e patient a sub- 
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TMe 240-1. LEUKopENivrnoDtrcisa drcgi 

Group 1 — reQvhrbj profiucc leulojyenta if (fiicn in svitcimt 
amounis 

Mustani'i (sultur and nitrogen mustards, TEM, etc.) 
Urethnn, husnifan, Demccolein 
Antimctnijorites (antifolic acid comiwunds, (>-tncrcap- 
topurini', etc.) 

Benzene 

Group II — prorfucG leukopmia in "tensUui" person* onlij 
Analgesics (aminopyrino, plien 3 lbutazone, etc.) 
AnlUhyroid drugs (ibiouracil, metbimazoie, etc.) 
Anticonvulsants (trimcthadionc, phcllienyiate, ole.) 
Sulfonamides [sulfanilamide, sulfooxazole (Gantrisin), 
etc.) 

AntihUtaminea (Pj'ribenzamine, pbenothiazinc, etc.) 
Antimicrobial agertts (organic oraenleals, ebtoramphen- 
icol) 

Tranquilizers (cblorpromazine, etc.) 

Misccllaneoiia (dlultrophcnol, tolbutamide, gold s.'ilts, 
etc.) 

Croup /// — iffV rorrly cowje Utdopenia, if ai alt 
Barbiturates (acetaiiilid, acctopbenctidin) 

Quioinc 

Cinchophen, etc. 

Stance has been found at the height of the amino* 
pjTine eranulocytopenfa which produces agglutina- 
tion of homologous and heterologous !euVoc>'tes. If, 
as seems likely, an immune mechanism is involved 
in the pathogenesis of this type of granulocytopenia, 
removal of the agglutinated leu£jcytcs from the 
circulating blood may be postulated, with resulting 
dcpleUon of the mote mature forms from the bone 
marrow. 

Symptomatology. The condition described by 
Schultz tvas an acute, fulminating disorder. In such 
cases there may be a prodromal period, marked 
only by malaise or moderate fever, 3Yhich often is 
overlooked. If the granulocytopenia is recognized 
at this stage, and sepsis is prevented or does not 
develop, no other manifestations may appear. If 
infection supervenes or if tlie condition is first rec- 
ognized at this stage, the onset appears to be sud- 
den and is marked by a chill, high fever, and often 
sore throat. Prostration is extreme. Gangrenous ul- 
ceration may be found on the gums, tonsils, soft 
palate, lips, pbaiyax, or buccal mucous membranes. 
Regional adenopathy may be present, but gen- 
eralized adenopathy and sternal tenderness are not 
found, and splenomegaly, when present, is minima). 
Brawny edema of the neck can become extreme. 
Necrosis of the gastrointestinal tract may occur. 
Jaundice has been desenbed in some cases. In fatal 
cases the duration of the illness is 3 to 9 days. 

In the blood, granulocytopenia is the outstand- 
ing finding Since the leukocyte count is usually 
under 3,000 per cu mm and often is as low as 500, 
a reduction in the absolute number of all cells 
actually takes place. Of the leukocytes which re- 
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main, 95 to 100 per cent may be lymphocytes. 
Anemia and thrombocytopenia are not found; if 
they are present, another cause should be suspected. 

The bone marrow is normal except for the “mat- 
uration arrest” described already. 

In addition to the acute form, described above, 
chronic, cyclic, and recurrent forms of granulocy- 
topenia, as well as familial, transitory neonatal, 
childhood, and other rare varieties, have been 
observed. They may or may not be related to the 
acute disorder. In the chronic cases the course is 
prolonged, and infections which often are relatively 
resistant to therapy, especially in the skin and oral 
cavity, occur repeatedly. Hypoplasia of granulocytic 
precursors in the bone marrow, slight splenomegaly, 
and absolute lymphocytosis and monocytosis have 
been described. In other instances tliere is a cyclic 
or recurrent periodicity of attacks at intervals of 
weeks or monlhs, with more lyr less normal leuko- 
cyte counts in the symptom-free period. Unex- 
plained fatigue is a common complaint. In some 
cases the leukopenia has been observed to occur in 
remarkably regular, 3-week cycles {periodic neutro- 
penia). 

Primary splenic neutropenia is a name applied to 
a clinical picture characterized by fever, pain over 
the splenic region and splenic enlargement, granu- 
locylopcnia, and essentially normal or somewhat 
hyperplastic bone marrow, The manifestations may 
be acute, subacute, or chronic and have been at- 
tributed to excessive lysis of neutrophils by the 
spleen. Splenectomy is reported as bringing com- 
plete relief, and excessive phagocytosis of leuko- 
cytes has been described in the spleen. The dis- 
order is very rare. 

Dia^osis. The clinical picture may suggest a 
variety of buccal and pharyTigeal infections. The 
great majority of these infections, however, are ac- 
compani^ by leukocytosis. Infections characteristi- 
cally accompanied by leukopenia, such as measles, 
undulant fever, and typhoid, should rarely give 
dilHmiUy, although influenza may. "Aleukemic” 
leukemia may present a similar clinical picture, but 
sternal tenderness, general glandular enlargement, 
and splenomegaly, as well as anemia, thrombo- 
cytopenia, and, usually, very immature leukocytes 
in the blood, make differentiation no serious prob- 
lem. Aplastic anemia is recognized by evidence of 
involvement of red corpuscles and platelets as well 
as leukocytes. 

Treatment and Prognosis. The offending drug 
must be searched for and its further use prohibited. 
Of equal importance is the administration of chemo- 
therapeutic agents, such as penicillin, which will 
hold the infection in abeyance unhl leukocyte for- 
mation becomes normal and is able to cope with 
the offending organisms. There is no conclusive evi- 
dence that various agents which have been pro- 
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Treatment. The telangiectatic vessels are exces- 
sively fragile, but oxidized ccUtilosc (Oxycel), 
Celfoam, or similar hemostatic agents usually suffice 
to control an existing hemorrhage if they are ap- 
plied carefully. Although the primary bleeding site 
can be cauterized or destroyed by electrocoagula- 
tion, satellite lesions soon form nearby. Prophylaxis 
IS unsatisfactor)'. Many procedures have bera tried, 
mtluding estrogen and androgen therapy, with 
doubtful effect. 
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O/if) AGRANULOCYTOSIS AND 

the pancytopenias 

M. M. Wlntrobe 
AGRANULOCYTOSIS 

Definition. Agranulocytosis (agranulocytic an- 
gina) IS a disorder characterized by sex’ere sore 
throat, marked prostration, and extreme reduction 
or cien complete disappearance of the granulocytes 
from the blood. This clinical picture, first recognized 
by Schultz in 1922, was obser\’ed most frequently 
in women of middle age and often ended in sepsis 
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and death. An etiologic relationship to the taking 
of certain dnigs Ims been demonstrated. 

Etiology and Pathogenesis. In 1931 Krackc 
pointed out that the sudden appearance of this 
syndrome corresponded with the introduction of 
certain coal-tar derivatives as therapeutic agents 
niis was borne out by considerable clrcumslantial 
evidence which incriminated, in p.uticular, the anii- 
pjTctic, ammop)Tine (Pyramidon). Tlie course of 
events in affected individuals would seem to he (1) 
granulocytopenia as the result of some effect in- 
duced by die drug; (2) loss of rcsist.ince to infec- 
tion, development of sore throat; (3) overwhelming 
sepsis and dealli. That some form of tissue injury, 
in addition to leukopenia, in.iy be a factor in the 
pathogenesis of this sjTidrome is suggested by the 
frequency with which one may encounter leuko- 
penia, even of severe degree, following nitrogen 
mustard therapy without sepsis developing. 

Tho most striking change observed in the bone 
marrow is a lack of juvenile and segmented neutro- 
philic lciikoc)tes, less mature forms being plentiful. 
Tin's picture has been referred to as “maturation 
arrest," but it could as readily result from abnormal 
peripheral destruction of the leukocjles or their 
segregation somewbcie. 

Drugs producing Ictilopcnia may be divided Into 
two main groiips—namely, those which produce 
tliis effect m all individuals if given in sufficient 
amounts, and those which cause iciikopcnia only in 
certain “scnsiilvc" persons (Table 210-1), Various 
dat.1 suggest that between 0.5 and 4 per cent of 
patients taking the second group of dnigs develop 
granulocytopenia. In group III arc listed dnigs 
which have been incriminated in .i few case reports 
but which cannot be regarded as well-established 
causes of leukopenia. 

It is likely dial granulocytopenia develops by 
more Uian one mechanism. Some cases arc en- 
countered in which no dnig seems to be incrimi- 
nated. Tliose drugs which produce granulocyto- 
penia in all persons when given in sufficient 
amoimts probably do so through their toxic effects. 
Agents such as aminopyrme probably leqviire a 
peculiar sensitivity or idiosyncrasy on the part of 
the patient. Rarely oilier manifestations of sensi- 
tivity', such ns rash, urticaria, and edema, may be 
present or may have occurred on other occasions. 
Furthermore, in patients vvlio have recovered from 
aminopyrine-induced agranulocytosis, the admin- 
istration of small amounts (0.2 Gm) of the drug 
may be followed witliin 6 to 10 hr by disappearance 
of all the neutrophils from the blood. It has aUo 
been shown that the blood of such a person, with- 
drawn 3 hr following ingestion of the dnig. pro- 
duces outspoken granulocytopenia vnlhin 20 to 40 
mm after its transfusion into normal persons. In 
the plasma and scrum of the sensitive patient a sub- 
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Table 2^0-1. LEtrKOPENIA-PRODtrciNO drocs 

Group 1 — regularly produce leukopenia if giten in suffieient 
amounts 

Mustards (suUur and nitrogen mustards, TEM, etc.) 
Ureflian, busulfan, Demecolcin 
Antimetabolites (antifolic acid compounds, C-mercap- 
topunne, etc.) 

Benzene 

Group II — produce Jeufcopenia in “sensitiie” pmoi» onfjr 
Analgesics (aminopyrine, phenylbutazone, etc.) 
Antithyroid drugs (thiouracil, methimazole, etc.) 
Anticonvulsants (trimetbadione, phethenylate, etc.) 
Sulfonamides [sulfanilamide, sulGsoxazole (Ganttisin), 
etc.] 

Antihistamines (Pyribenzamine, phenotluazinc, etc ) 
Antimicrobial agents (organic arscnicals, cliloramphen- 
ico!) 

Tranquilisera (chlorpromazine, etc.) 

Miscellaneous (ditiitrophenol, tolbutamide, gold salts, 
etc.) 

Group III — ten/ rarely cause leukopenia, if at oil 
Barbiturates (acotanilid, acetopheoetidJn) 

Quinine 

Cinchophon, etc. 

stance has been found at the height of the amino* 
pyrine granulocytopenia which produces agglutina- 
tion of homologous and heterologous Ieukoc)'fes. If, 
as seems likely, an immune mechanism is involved 
in the pathogenesis of this type of granulocytopenia, 
removal of the agglutinated leukocytes from the 
circulating blood may be postulated, with resulting 
depletion of the more mature forms from the bone 
marrow. 

Symptomatology. The condition described by 
Schultz was an acute, fulminating disorder. In such 
cases there may be a prodromal period, marked 
only by malaise or moderate fever, which often is 
overlooked. If the granulocytopenia is recognized 
at this stage, and sepsis is prevented or does not 
develop, no other manifestations may appear. If 
infection supervenes or if the condition is first rec- 
ognized at this stage, the onset appears to be sud- 
den and is marked by a chill, high fever, and often 
sore throat. Prostration is extreme. Gangrenous ul- 
ceration may be found on the gums, tonsils, soft 
palate, lips, pharynx, or buccal mucous membranes. 
Begiona! adenopathy may be present, but gen- 
eralized adenopathy and sternal tenderness are not 
found, and splenomegaly, when present, is minimal. 
Brawny edema of the neck can become extreme. 
Necrosis of the gastrointestinal tract may occur. 
Jaundice has been desenbed in some cases. In fatal 
cases the duration of the illness is 3 to 9 days. 

In the blood, granulocytopenia is the outstand- 
ing finding. Since the leukocyte count is usually 
under 3,000 pet cu mm and often is as low as 500, 
a reduction In the absolute number of all cells 
actually takes place. Of the leukoc)tcs uhlch re- 


main, 95 to 100 per cent may be l)-mphocytes. 
Anemia and thrombocytopenia are not found; if 
they are present, another cause should be suspected. 

The bane marrow is normal e.xcept for the "mat- 
uration arrest” described already. 

In addition to the acute form, described above, 
chronic, cyclic, and recurrent forms of granulocj’- 
topenia, as well as familial, transitory neonatal, 
childhood, and other rare varieties, have been 
observ'ed. They may or may not be related to the 
acute disorder. In the chronic cases the course is 
prolonged, and infections which often are relatively 
resistant to therapy, especially in the skin and oral 
cavity, occur repeatedly. Hypoplasia of granulocytic 
precursors in the bone marrow, slight splenomegaly, 
and absolute lymphocytosis and monocj’tosis have 
been described. In other instances there is a cyclic 
or recurrent periodicity of attacks at intervals of 
weeks or months, with more or less normal leuko- 
cyte counts in the symptom-free period Unex- 
plained fatigue is a common complaint. In some 
cases the leukopenia has been observed to occur in 
remarkably regular, 3-week cycles (periodic neutro' 
penia). 

Primary splenic neutropenia is a name applied to 
a clinical picture characterized by fever, pain oi’er 
the splenic region and splenic eidargement, granu- 
locytopenia, and essentially normal or somewhat 
bypeqjlastic bone marrow. The manifestations may 
be acute, subacute, or chronic and ha\'e been at- 
tributed .to excessive lysis of neutrophils by the 
spleen. Splenectomy is reported as bringing com- 
plete relief, and excessive phagocytosis of leuko- 
cytes has been described in the spleen. The dis- 
order is very rare. 

Diagnosis. The clinical picture may suggest a 
variety of buccal and pharyngeal infections. The 
great majority of these infections, however, are ac- 
companied by leukocytosis. Infections characteristi- 
cally accompanied by leukopenia, such as measles, 
undulant fever, and typhoid, should rarely give 
difficulty, although influenza may. "Aleukemic” 
leukemia may present a similar clinical picture, but 
sternal tenderness, general glandular enlargement, 
and splenomegaly, as well as anemia, thrombo- 
<tylopcnia, and, usually, very immature Icukocj'tes 
in the blood, make differentiation no serious prob- 
lem. Aplastic anemia is recognized by eridence of 
involvement of red corpuscles and platelets as well 
as leukocytes. 

Treatment and Prognosis. The offending drug 
must be searched for and its furtlier use prohibited. 
Of equal importance is the administration of chemo- 
therapeutic agents, such as penicillin, uhich will 
hold the infection in abe)'ance until Icukoc) te for- 
mation becomes normal and is able to cope with 
the offending organisms. There is no conclusive evi- 
dence that various agents which ha\c been pro- 
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posed as stimulants of leukocyte recovery, mclud> 
ing one whicli was at one time very popular. Pent- 
nucleotide, are of any value. Before the sulfon- 
amides and penicillin were available, the prognosis 
u’as very poor. Mortality was as high as 70 to 90 
per cent. With modem chemotherapy, only a small 
proportion of patients faU to recover. During re- 
covery, with the reappearance of leukocytes, ab- 
scesses may develop which \vill require appropriate 
therapy. 

Splenectomy has been associated with consider- 
able improvement or eren recovery in some cases 
of the chronic, recurrent, and cyclic varieties, but 
this result is unpredictable. The steroid hormones 
may be of temporary \'alue, perhaps in the cases 
most hkely to respond to splenectomy, but they are 
difficult to evaluate in disorders of this type. In the 
chronic cases with hjpoplastic hone marrow, sple- 
nectomy has not been found to be helpful. 

TIIE PANCYTOPENIAS 

Definition. The term pancytopenia refers to a 
reduction in the number of aU three formed ele- 
ments of the blood: the red corpuscles, the leuko- 
cytes. and the platelets This is not a disease entity 
but a triad wmch is encountered under a %vidcly 
dllTcrlng group of circumstances. 

Classification. This triad may be encountered in 
“aplastic" or “hypoplastic" anemia, in “aleukemic" 
or subleukemic leukemia, in myelosclerosis and in 
myelophthisic anemias, in pernicious anemia, and 
in association with a number of disorders of the 
spleen (Table 240-2). Under this heading “agno- 
genic myeloid metaplasia" and “primary splenic 
panhematopenia" must also be considered. 

Aplastic Anemia 

This term, in its strict sense, refers to a condi- 
tion in which signs of hematopoiesis are lacking in 
the bone marrow, fat having replaced the blood- 
forming tissue. At the same tune, there are anemia, 
granulocytopenia, and thrombocytopenia. There are 
no signs of blood regeneration. The reticulocyte 
count is very low or zero, tircre is no polychromato- 
philia or basophilic stipplmg, and nucleated red 
corpuscles and immature leukocytes of all types arc 
absent Tlie anemia is usually normocjtic, some- 
times macrocytic; the red corpuscles vary little in 
size and not at all in shape. Bleeding time is usually 
moderately prolonged, the clot retracts poorly, and 
the tourniquet test is positive. Coagulation time is 
normal. 

The onset of tlic disorder is Insidious. The symp- 
toms may be those attributable to anemia, or the 
cllccls of thrombocytopenia or of granulocyiopcnia 
may dominate the clinical picture. There is striking, 
often "waxy" pallor, but vi'cight loss is unusual. 
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Table S 40 ~S, causes or pancttopevia 

I. "Aleukemic.” leukopenic, or subleukemic leukemia 
n. "Primary” refractory anemias 

A. Aplastic anemias due to chemical or physical 
agents 

S. "Idiopathic” nplastic anemia, including the fa- 
milial type (‘Tanconl Byndroroe") 

III. Myelophthisic anemias 

A. Metastatic coxcinonia in bone marrow 

B. ^iultiple myeloma 

C. Myelofibrosis, "agnogenic myeloid metaplasia," 
etc. 

D Marble bone disease (osteopetrosis) 

IV. Disorders involving the spleen — ‘‘hj'porsplenism" 

A. Congestive splenomegaly 

D. Lymph node disorders; lymphosarcoma, reticu- 
lum cell sarcoma, Hodgkin's disease, giant follio 
ular lymphoma 

C. Infiltrative disorders: Gaucher’s disease, Kic* 
mano-Piek disease, Lcttcrer-Si«e disease 

D. Infectious diseases: kala-arar, miliary tubercu- 
losis. sarcoid, syphilis 

E. '‘Primary splenic panhematopenia” 

V. Deficiency anemias: pernicious anemia and other 

megalobbstie macrocytic anemias 
\1. Paroxysmal nocturnal bcmoglobinuria (rarely) 

source: Adapted from M, M. Wjntrobe: "Clinical 
Hcmatolosy,” 5th ed , Philadelphia, Les A* Febiger, 1D81< 

There may be bleeding from the nose, mouth, va- 
gina, or elsewhere. Hemonhages may be found in 
the eye grounds or skfn. Ulceration in the mouth 
and phaiynx or other evidence of infection may be 
encountered. There is no sternal tenderness, spleno- 
megaly, or hepatomegaly, and lymph node enlarge- 
ment, if present, is found only in relation to local 
infection. 

This picture may follow exposure to a variety of 
chemica! and physical agents. As with the causes of 
granuloQlDpenia, the agents associated with the 
occurrence of aplash'c onemia may be divided into 
two groups; xiz., (1) those which regularly produce 
marrow hypoplasia and aplasia if a sufficient dose 
is ^ven, and (2) those which are only occasionally 
associated with such n change and presumably de- 
pend on idiosyncrasy. In the former category may 
be included ionizing radiation (roentgen rays, radio- 
active phosphorus, etc.), the mustards (sulfur and 
nitrogen mustards, TEkl, etc.), urelhan, busuJfan. 
benzol, and the entimeUbolitcs (antifolic acid com- 
pounds, 6-incrcaptopurine, etc.). It xvill be noted 
that these agents have been or are used in the treat- 
ment of leukemia, Hodgkin’s disease, and rcl.'ited 
disorders. Excessive dosage will result in the pro- 
duction of marrow aplasia. Benzene (benzol) is nb 
longer used in the treatment of Icukemi.'i, but it is 
employed in many industries (leather, enamel, rub- 
ber, laequer, electroplating, airplanes, linoleum, 
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celluloid, etc.) and must thus be hept in mind when 
aplastic anemia is encountered in a person work- 
ing in one of these industries. Of the agents occa- 
sionally associated with h)’popIasia or aplasia of the 
bone marrow, the following should be mentioned in 
particular: antimicrobial agents (arsenoben 2 ols, 
chloramphenicol), anticonvulsants (Mesantoin), 
antithyroid drugs, antihistamines, insecticides, and 
various miscellaneous agents such as gold prepara- 
tions and trinitrotoluene. Although the evidence in- 
criminating these drugs is only circumstantial, a 
sufficient number of cases have been reported to 
make it seem very likely that development of 
aplastic anemia following exposure to the drugs 
named is more than a coincidence. Less convincing 
is the evidence that other drugs are the cause of 
aplastic anemia, since there are orJy single or very 
few reports incriminating them. In this last group 
may be mentioned the sulfonamides, oxj'tetracy- 
cline, chlortelracycline, Tridione, Nuvarone, Car- 
bimaaole, Tapazole, quinacrine, phenylbutazone, 
chlorpromazine, and various hair dyes and volatile 
insecticides. 

“Idiopathic" cases have also been described in 
which exposure to an offending agent could not be 
discovered. Such cases have been observed most 
frequently in young adults or adolescents. Still 
another form of pancytopenia with hypoplastic bone 
marro>v has been observed, usually at an even 
younger age, which may be familial and is associ- 
ated with a variety of congenital defects (bone 
abnormalities, particularly of the forearms and 
thumbs, microcephaly, hypogenitalia, genitourinary 
tract abnormalities) and a generalized olive-brown 
pigmentation of tlie skin (Fanconi syndrome). 

In addition to such cases of classic aplastic ane- 
mia, a very similar clinical and hematologic picture 
can be observed together with cellular or even hy- 
perplastic bone marrow. In still other cases little or 
no reduction >vas present in the leukocyte or platelet 
count. Such pure erythrocyte hypoplasia has been 
observed as a congenital disorder, but rarely it ap- 
pears also to be acquired. In a number of cases 
benign thymoma was associated. In some cases occa- 
sional nucleated red corpuscles, polychromato- 
philia, stippling, and immature white cells have 
been found in the blood, and splenic and hepatic 
enlargement and even general Ijinphadenopathy 
have been described. Whether all these cases should 
be classed witli the true aplastic anemias under one 
category of “refractory anemias" cannot be settled 
until tlieir pathogenesis is clear. That these various 
pictures may be variants of the same fundamental 
process is suggested by tire observation that benzene 
poisoning not only may produce aplastic anemia but 
also can be associated with a regenerative Wood 
picture, including even a leukemoid reaction, and 
the bone manovv may be hyperplastic rather than 
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accllulac. Again, intcnial irracUatlon produced by 
the ingestion of radium by watch-dial workers was 
found to be cbaracterized by macrocytic anemi.! 
with nucleated red corpuscles in tlie blood, and 
bone marrow with primitivo red corpuscle and 
leukocyte h)'perplasia. 

Under the title of “sideroblastic” refractory ane- 
mias still another group of cases has been recog- 
nized which must be distinguished from “idio- 
pathic" aplastic anemia and can be separated from 
thalassemia and the hemoglobinopathies (Chap. 
235), from py^ridoxine-responsive anemia, and from 
inclusion body anemias. Anemia refractory’ to all 
knowm forms of therapy, hyperplastic bone marrow, 
and signs of impaired iron utilization (siderobkasts, 
hemosiderosis) characterize these cases. Some ap- 
pear to hav’e begun in childhood, others have ap- 
peared in older patients. Their nature awaits clarifi- 
cation. 

Myelophthisic Anemia 

This term is applied to the type of anemia asso- 
ciated with space-occupying disorders of the bone 
marrow. Metastatic carcinoma (e.g., that arising 
from malignancy of the breast, prostate, lung, 
kidney, adrenal or thyroid gland), leukemia, multi- 
ple myeloma, and a disorder kmown as myelofibro- 
sis or myelosclerosis are conditions which produce 
myelophthisic anemia. In myelofibrosis there is an 
irregular increase of fibrous or bony tissue in the 
bone marrow which is often associated with pro- 
gressive anemia. The outstanding symptom is 
splenomegaly. The course is very slow. Bone mar- 
row involvement may also occur in Hodgkin's dis- 
ease and in the primary xanthomatoses (Gaucher’s 
disease, Niemann-Pick disease, Schiiller-Christian 
disease). 

Agnogcnic Myeloid Metaplasia 

The term agnogenic myeloid metaplasia has been 
applied to cases in which the spleen showed marked 
myeloid metaplasia, apparently as the result of a 
compensatory reaction. This does not seem to be a 
disease entity. The bone marrow has been v’ariously 
fibrotic, hy’perplastic, aplastic, or normal. The blood 
picture has varied, like that described under Mye- 
lophthisic Anemia above. In some cases jaundice 
was present. In a number of instances a history’ of 
exposure to certain industrial solvents, including 
brmzene and carbon tetrachloride, was obtained. 

Primary Splenic Panhcntalopcnia 

Primaiy splenic panhematopenia is the term 
which has b«n applied to cases associated with 
splenomegaly in which all three formed elements of 
the Wood have been reduced in number, and where 
excessive phagocytosis of these elements by the 
splenic macrophages has been conceived as being 
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the fundamental disorder. Splenectomy is described 
as producing dramatic improvement. In these cases 
little or no evidence of increased blood destni(Hion 
has been observed, the reticulocyte percentage has 
been slightly or greatly increased, polychromato- 
philia has been noted, and the bone marrow pic- 
ture has been one of hyperplasia. As w iU be 
out in the next section, many splenic disorders are 
accompanied by pancytopenia. 

Diagnosis and Treatment. It is evident from this 
outline tliat pancytopenia may be due to a number 
of causes of greatly varying nature. The recognition 
of the underlying disorder will depend on thorough 
study, which includes a painstaking history with 
careful inquiry about possible exposure to toxic 
agents, thorough physical examination and bone 
marrow examination, in addition to a complete 
sur%'ey of the blood. 

While the blood picture in these conditions may 
be Uiat of a pancytopenia and may appear “aplas- 
tic,” ns described above, it is necessary to stress 
that this is not always the case. Anemia is variable 
in degree. It may be normocytic or macrocytic, and 
nucleated red corpuscles may be seen in the blood 
e%en when there is little anemia. Reticulocytes may 
be increased and polychromatophilia and stippling, 
as well as “teardrop” poikiloc)tes, may be present. 
Such poikiloeytes have been thougiit to be char- 
acteristic of myelofibrosis. The leukocyte count may 
be normal, reduced, or increased. If there is leuko- 
penia there may be a uniform reduction in all the 
ceUs. The blood may contain myelocytes and 
myeloblasts The platelet count may be normal or 
moderately reduced. 

However, bone marrow punctures in various sites 
(sternum, pelvic crest, spinous processes) may be 
required before tumor cells are discovered. Roent- 
genograms, especially of the bones, may be helpful, 
and trephine biopsy of the marrow may be neces- 
sary. If an enlarged lymph node is accessible, it may 
be advisable to examine this microscopically, and 
other procedures may need to be carried out in the 
search for malignancy. A diagnosis of “idiopathic” 
aplastic anemia or of "primary splenic panhemato- 
penia” should be one of exclusion. 

Treatment wall depend on the nature of the 
underl)’ing disorder. Blood transfusions are of tem- 
porary value in all the conditions which may pro- 
duce this picture. Ultimately, if many transfusions 
are given, hemochromatosis is produced, since the 
iron from the transfused cells cannot be excreted. 
Liscr extract, vitamin B] 2 , folic acid, and iron are 
of no value. The temptation to remove an enlarged 
spleen must be tempered with good jud^CTit. This 
is especially important in those cases in which the 
spleen has assumed the function of the bone mar- 
row, for in such cases splenectomy can be harmful 
and at least is often of little or no value. Nevrathe- 
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less, occasional patients derive definite benefit fmm 
splenectomy, parb'cularly when there is severe 
thrombocytopenia or increased blood destruction. 
In cases in which large numbers of leukocytes in 
the drculating blood have been present, roentgen 
therapy or chemotherapy such as that used in t^c 
treatment of chronic leukemia has been helpful. 
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THE LEUKEMIAS 

M. M. Wintrobe 

Definition. Leukemia, probably a neoplastic dis- 
ease, is characterized by \videspread and abnormal 
proliferation of the leukocj'tes and their precursors 
throughout the body, particularly in the bone 
marrow, spleen, and lymph nodes. There are various 
types of leukemia, differentiated mairdy according 
to the predominant abnormal cell forms. The 
morbidity of the process ranges from an acute dis- 
order of but a few weeks* duratiorv to a chronic one 
compatible with life even for many years. The 
termination, however, is always fatal. 

History, Knowledge of leukemia can be traced 
back to the period from 1839 to 1845 when Donn£ 
made the first microscopic observations and Craigie, 
Bennett, and Virchow distinguished the clinical 
entity. Virchow recognized the cells as being leuko- 
cytes, not pus cells, and distinguished a lymphatic 
and a splenic type of leukemia. V'ith the develop- 
ment of Ehrlich's blood-staining methods In 1891, 
Neumann’s myelogenous form was recognized as 
being the same as Virchow's splonomegalic type. 
Acute leukemia was recognized by von Friedreich 
in 1857 and by Ebstein in 1889, and the myelo- 
blastic form was separated from the lymphoblastic 
type when Naegeli described the ni)’eloblast in 
1900. Reschad and Schilling-Torgau described 
monccj-tic leukemia in 1913, Since then variations 
from the classic pictures have been iccogtiizcd and 
methods for palliative management have been de- 
veloped, but little adrance has been made in gain- 
ing an undentanding of the actual cause of this 
invariably fatal process, or in its prevention or 
specific treatment. 

V'ariclics of Leukemia and Incidence of Various 
Types. Acute and chronic forms of leukemia can be 
distinguished on clinical grounds as well as on the 
basis of the predominant abnormal ccU ^q>cs. 
Without treatment, acute leukemia usually is fatal 
within 6 mortlJii; the duration of life in chronic 
leukemia may be several years — usu-ally 3 to ^ 
sometimes 1 or 2, and in otlier cases 10 or more. 
"Subacute” leukemia is not truly intermediate be- 
tween acute and chronic leukemia. TIic course and 
tile clinical and hematologic pictures resemble those 
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of the acute form, but the progress of the disease is 
slower than in acute leukemia. Since myeloblasts, 
tymphoblasts, myelocytes, l\-mphocytes, or mono- 
cytes are the predominant cells in the great majority 
of cases of leukemia, the terms acute or chronic 
(and, if one wishes, subacute), qualified ky the 
name of the predominant cell type, appo.ir to be 
the most satisfactory designations for the different 
varieties of leukemia. 

Leukoc)1osis is found in the majority of cases of 
leukemia. “Aleukemic” or, more correctly, sub- 
leukemic leukemia refers to cases in which leuko- 
cytosis is absent. Such cases are more often acute 
than chronic. 

Leukerrua is as common a cause of death as diph- 
theria or measles. Deaths from leukemia represent 
about 3.6 per cent of those due to cancer. There was 
a steady increase in the number of deaths from 
leukemia until 1940 or 1950 but the rate of increase 
has declined since then, Contrary to earlier statistics, 
it appears now that the proportions of cases of 
chronic myelocytic and chronic l)Tnphocytic leuke- 
mia are approximately equal, Cfeomo leukemia vs 
perhaps twice as common as the acute variety. The 
incidence of the various types of acute leukemia, 
including monocjtic leukemia, is difficult to deter- 
mine because conclusions must necessarily be in- 
fiuenced by differences in interpretation of the cell 
morpliolog)'. In various series, 11 to 21 per cent of 
the cases were subleukemic. 

Etiology and Pathogenesis. kVhile any variety of 
leukemia may occur at any age. It is nevertlicless 
tnie that acute leukemia is much more common 
before the age of twenty-five than later, and is 
especially frequent under five years of age; chronic 
royelocj’tic leukemia has its highest incidence be- 
tween the ages of twenty-five and forty-five, and 
chronic lymphocytic leukemia is seen cspeci-nlly 
after the age of fort>’-Bve or fifty. A difference in 
the sex incidence of leukemia becomes perceptible 
as age advances, there being essentially no differ- 
ence in the occurrence of acute leukemia in male 
and female children and young adults, a slight 
preponderance of chronic mycloc)lic leukemia in 
males, and a distinct preponderance of chronic 
ly'mphoc^’tic leukemia in males (3:1). 

On the basis of past experience it can l>e stated 
that the probabihtj’ that leukemia will occur more 
than once in a family is very small. This seems 
strange when one considers that susccplibthtv to 
experimental leukemia and the transmission of the 
spontaneous disease in experimental anim.ils follow 
definite genetic laws. Tlic expkination probably hes 
in the fact that, although hereditary factors do exert 
an Influence on tlic etiology of human leukemia, as 
exemplified hy familial cases of chronic lymphocytic 
leukemia especially, Uicir effect is modified by ex- 
ternal influences and by other genes. Exlcmaj fac- 
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tors include the effects of irradiation and perhaps 
also of chemical agents and of trauma. Leukemia 
has been described so much more often in persons 
exposed to radiation (such as roentgenologists and 
those who were exposed to the atom bomb in Japan 
as well as in patients with ankylosing spondylitis 
who received roentgen therapy) than in those not 
so exposed that this agent cannot be overlooked in 
3 consideration of etiologic factors. Not so 'veil 
documented, but nevertheless deserx-ing serious con- 
sideration, as Cvnuses of leukemia are trauma, espe- 
cially to bones, and exposure to certain chemical 
agents, especially benzol. 

The febrile character of acute leukemia and the 
evidences of infection, about the mouth especially, 
which can be seen in many cases have led some to 
hold the opinion that the disease is caused by an 
infectious agent. Such a concept is difficult to ac- 
cept, as none of the other customary evidences of 
infection has been observed, such as transmission 
from man to man or from mother to fetus. Experi- 
mental fowl leukemia, It is true, is carried by a 
filtrable agent, but this is so also with certain oAcr 
types of neoplasms Newer knowledge is develop- 
ing concerning the existence of transmissible cyto- 
plasmic agents vvbich determine the chatactet of 
cells. The role of viral agents in the etiology of 
human leukemia is under active investigation. 

The essenti.vl change in this disease is thought to 
reside in the leukemic cell and is believed to consist 
of an acquired inability of these leukocytes to re- 
spond to forces which normally reguhite their 
proliferation and maturation. The end result is a 
new type of cell with certain fixed abnormalities in 
appearance and behavior. Pecuhanlics have been 
observed in leukemic cells which are like those of 
neoplastic cells, including abnorm.!! size and num- 
ber of nuclwAi aivi atypica\ as well as abnonnaf 
mitoses In some leukemic leukocytes chromosomal 
changes have been observed. The causes of this 
change may be manifold; perhaps In a given case 
the development of the disease depends on the 
interplay of a variety of factors, including genetic 
constitution and external influences, such as irradia- 
tion, chemical agents, and cytoplasmic particles. 

Pathology. The fundamental change in leukemia 
is widespread proliferation in the tissues, and usu- 
ally also in the blood stream, of cells of a particular 
type. In chronic myelocytic leukemia the bone mar- 
row and spleen are chiefly involved, but the lymph 
nodes, liver, kidneys, lungs, skin, and other organs 
are also infiltrated. The splenic pulp is fuU of 
myeloid cells, and infarcts are commonly present. 
In the chronic lymphocytic variety the lymphoid 
organs in particular show striking hyperplasia with 
disturbance of architecture, and the liver, bone 
marrow, and other tissues are affected as welL In 
acute leukemia the changes arc similar and are ac- 
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companied by evidences of hemorrhage, the result 
of the accompanying thrombocytopenia. 

Clinical Manifestations. Tlie clinical manifesta- 
tions of the chronic and the acute leukemias differ 
from one another a great deal, but there is compara- 
thcly little difference in the symptomatology of the 
various types of chronic leukemia, and essentially 
no difference in the clinical pictures of the different 
forms of acute leukemia. 

Chronic Mi/cloctjtic Leukemia. The onset is in- 
sidious, and complaints may not develop until the 
disease has been in progress for a long time, per- 
haps a year or two The most common symptoins 
are those of anemia (weakness, pallor, palpitation, 
or dy'spnea); or a dragging sensation or swelling in 
the left side of the abdomen, due to the splenic 
enlargement; or complaints attributable to the in- 
creased metabolic rate which develops as the dis- 
ease progresses (loss of weight, weakness, nervous- 
ness, cachexia, etc.). There may be slight fever, 
rising as high as 101*F, rarely higher. As the dis- 
ease advances, the clinical picture may become 
more “acute" in that chills and fever may develop, 
weight loss may become excessive, and an abnormal 
tendency to bleed may become manifest. 

The appearance of the patient ranges from that 
of seeming perfect health to one of extreme cachexia 
with marked pallor. Splenomegaly is often the first 
physical sign of the disease. The spleen may be just 
palpable or it may be huge, the abdomen, pro- 
tuberant from this cause, standing out In striking 
contrast to the general em.'iciation. Lymph node 
enlargement is rarely significant, but tenderness, 
elicit^ on pressure over the lower portion of the 
sternum, is a moderately early sign. 

Other symptoms and signs are less common, but 
any system of the body can be affected. The 
IS often enfaTged, sometimes greatly, and, like 
spleen, is finn and not tender. The sifn may show 
small, bluish-gray, elevated nodules, due to specific 
infiltration. The retinas may show hemorrhages and 
leukemic mfiltrations. Tlicre may be subperiosteal 
infiltration and even destructive lesions of bons 
leading to patliologic fractures. Deafness, from in- 
filtrabon in the middle or inner ears, or from hemor- 
rhage; ev'idences of nervous system involvement 
due to the same causes, hematuria in association 
with infiltration of tlie kidney; or other still less 
common manifestations may be observed. Pain may 
develop from perisplenitis, or in some cases pleur?! 
effusion may occur. 

The blood picture depends on the stage of the 
disease. The earliest manifestation is leukocytosis, 
due to an increase in the myeloid series of cells- 
Early In the disease the “shift to the left" is usually 
mderly vvitli fewer melamjelocyles than segmented 
neutrophils, fewer myelocytes than older forms, and 
often few or no myeloblasts. Later the myelocytes, 




Plate II 


(Top) Aaite leulopenic myelogenous leulemia. (W'BC 3,000.) Film from buffy coal. Actual field. Five myelo- 
blasts, se\eral showing nucleoli. (Lower left) Promyelocyte. Tliree nonsegmentcti neutrophils, practically desti- 
tute of granules (toxic-degenerative changes). (Lower nght) Tuo megahar)oc>ie nuclei with shreds of platelet 
m.nterial attached. (Bottom) Cells from case of acute monocytic leukemia. {1 to 14) .\fonocytcs. (1 and 3) 
Monoblasts. (Stitt, Clough, and Branham: "Practicoi BacteriiJogy, Uematologij, and Parasttologij,’' 10th cd., Vexo 
York, The Dlaklston Division, McGraic-UtU Book Company, Inc., 1952.) 



THE HEMATOPOIETIC SYSTEM 

including the eailier forms, tend to dominate the 
picture, especially in the most advanced and more 
“acute" stages. Eosinophils and basophilic leuco- 
cytes are likely to be found, sometimes in substantial 
numbers. If tliey are very numerous, the terms 
eosinophilic leukemia and basophilic leukemia are 
appropriate. The leukocj’te count most often ranges 
bobvecn 100,000 and 500,000 cells per cu mm 
when the disease is first discovered, but values as 
great as 1,000,000 are sometimes seen. Mono^^cs 
are present in normal or slightly increased numbers, 
whereas Ijinphocytes, though reduced in percent- 
age, maintain about a normal absolute value. 

The degree of anemia is a good index of the 
c.xtent of the leukemic process. In the earliest stages 
there is no anemia; in far advanced eases it is pro- 
found. The manner in which anemia is relieved 
when therapy reduces the extent of myeloid infil- 
tration or becomes more severe as the disease ad- 
vances gives support to the view that its cause is 
related to encroachment on the ciythrocyte-forming 
elements by the leukemic cells. The anemia is 
usually nonnocytic in type. A few normoblasts are 
likely to be seen In the blood smear, as well as slight 
polydiromatophilia and occasional stippling. 

The platelets are normal in number or increased, 
except in the terminal stages of the disease when 
Infiltration is extensive. Then hemorrhagic mani- 
festations, prolonged bleeding time, and other signs 
of secondary thrombocytopenic purpura are found. 
In rare cases the platelet count may be extremely 
high, and even megakaryocytes or fragments thereof 
may be found in the circulating blood. 

Chronic Lymphocytic Leukemia. The onset is 
insidious, as in the myelorytic form, but the first 
symptom is likely to be painless enlargement of 
lymph nodes in tfie neck, axilla, or groin. In other 
instances manifestations of anemia may dominate 
the picture, and less commonly splenic enlargement 
or hemorrhagic manifestations may be the present- 
ing complaints. The skin is more often involved in 
the lymphocytic form than in the myelocytic, as are 
also the gastrointestinal tract and the mediastinum. 
There may be itching and burning, with yellowish- 
brown, red, bluish-red, or purple, nodular skin 
lesions. Bone tenderness is less frequent than in 
myelocytic leukemia. The lymph nodes vary in size 
from that of a pea to that of a hen’s egg; though 
they are discrete, several lying together may pro- 
duce a huge mass. They are moderately firm and 
smooth. Other manifestations are similar to those 
encountered in chronic myelocytic leukemia. 

The blood picture is that of a monotonous col- 
lection of small lymphocytes each looking just Lke 
its fellow, contrasting strikingly with the colorful 
picture of myelocytic leukemia. The leulcocyle 
count more often ranges between 50,000 and 
250,000 per cu mm than at higher leveb, and 00 
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per cent or more of these cells are lymphocytes. 
They often possess only a narrow rim of cytoplasm 
and may even appear to have none. Larger l^Tnpho- 
cyles may be seen, but true “blast” forms with 
clearly defined nucleoli are unusual. 

As in myelocytic leukemia, the presence or ab- 
sence of anemia and its degree are good indexes of 
the extent of infiltration. The anemia is normocj’tic, 
and there may be occasional immature red cell 
fonrtf in the blood smear. Early, the platelet count 
is normal; as the disease advances, it becomes 
greatly reduced and hemorrhagic manifestations 
may develop. 

Acute Leukemia. The onset of acute leukemia is 
frequently rather abrupt, and, depending on the 
location and nature of the initial disturbance, a 
great variety of clinical pictures may be encoun- 
tered. The initial S)mptoms may arise from leukemic 
infiltrations and glandular enlargement, from hemor- 
rhages, or as the result of the systemic effects of the 
disease, including those associated with anemia. 
Sore throat, abnormal bleeding from the mucous 
membranes or petechiae or ecchymoses m the skin, 
cough or dyspnea resulting from enlargement of the 
thymus or mediastinal l)Tnph nodes, rheumatoid 
pains, and a variety of neurologic complaints are 
among the manifestations which may be encoun- 
tered. Excessive bleeding following the extracting 
of a tooth or from minor injuries may be the first 
evidence of the disease. Fever, headache, and gen- 
eral malaise may be soon followed by marked 
prostration, and the onset of some severe, malig- 
nantly virulent form of sepsis may be suspected. 

Lymph node enlargement is usually less con- 
spicuous than in chronic leukemia, but a systematic 
search will frequently reveal more or less general- 
ized involvement of the lymph nodes. The spleen 
is usually palpable but is rarely very large. The 
liver is often enlarged. The gums may be s^volIe^ 
and purplish in color, and there may be ulceration 
in the mouth. Sternal tenderness is present in the 
great majority of cases. 

Differentiation of the various types of acute 
leukemia cannot be made on clinic^ grounds and 
IS often difficult even from the blood examination. 
Anemia is practically always present when the 
disease is first discovered; often it is severe. The 
anemia is usually nonnocytic, sometimes macro- 
cytic. Polychromatophiba, as well as normoblasts, 
are often found. The platelet count is usuafiy de- 
creased, at least to some degree, even when the 
disease is first discovered. The bleeding time then 
is prolonged, the clot retracts poorly, and the tour- 
niquet test is positive. 

The leukocyte count rarely attains levels higher 
than 100,000 per cu mm; not infrequently it is 
below normal, even below 1,000. At first glance the 
predominant cells are likely to be mistaken for 
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IjTTipliocytes. Well-stained, thin smears are needed 
to demonstrate that the colls arc abnormal and 
contain nucleoli. When they are lymphoblasts or 
m)eloblasts or even more immature forms (stem 
cells) they arc difficult to distinguish from one an- 
other. The nuclear differences are not easily recog- 
nized even by those with considerable experience 
and their c^oplasm is scanty and nongranular. 
However, in acute myeJoblastic leiil.emia a small 
proportion of cells of slightly later de%elopmcnt svill 
often be found which will be seen to contain per- 
oxidase-positive granules. Since such cells are lack- 
ing in acute lymphoblastic Icuhemta, differentiation 
can sometimes be made on this basis. Acute mono- 
cytic leukemia can be distinguished more easily, 
however. Tlie "pure" and rarer form, the Schilling 
type, IS characterized by the presence of large cells 
with lacy chromatin, irregular nuclei, inconspicuous 
nucleoli, and irregular cell borders. The cytoplasm 
contains innumerable very fine, duslhke granules. 
At the same time a few nongranular, "blasthkc" 
cells with nucleoli are found, probably "mono- 
blasts." In the Naegeli type of monocytic leukemia, 
myelocytes are found in relatively large numbers, 
in addition to cells resembling monocytes. 

Lets Common Types of Leukemia. suBLCuireMtc 
(aleukemic) LEUKEMtA. This term refers to leu- 
kemia of any type in which the leukocyte count is 
only slightly elevated, normal, or less than normal. 
In such cases tlie abnormal cells may not pre- 
dominate In the blood smear, in fact, they may be 
scarce and may not be readily discovered. In most 
instances in which leukemic cells are stated to be 
absent, however, a good smear and stain and care- 
ful scrutiny by a person some experience svill 
usually reveal at least a few. In any event, the bone 
marrovi’ contains a large number of the abnormal 
cells, although sometimes they may be held together 
so firmly that they are not readily a^iraled. A 
normal or subnormal leukocyte count may be en- 
countered at some stage of dironic or acute leuke- 
mia, especially the latter. This may be followed by 
a phase of leukocytosis or, more often, leukocytosis 
may be only a terminal event. Sometimes leuko- 
cytosis never develops. 

CHLonoMA. This term refers to a variant of acute 
leukemia which is characterized by the presence 
of greenish localized tumors, connected particularly 
with tlie periosteum and ligamentous structures of 
the skull, paranasal sinuses, orbits, spine, nbs, and 
sacrum. Protrusion of an eyeball, with diplopia and 
loss of vision, pain, deafness, and signs of >'anous 
cranial nerve palsies, or other effects of pressure 
or infiltrative growth in a case otherwise consistent 
with a diagnosis of acute mycloblastic leukemia 
should lead to suspicion of chloroma. 

CHRONIC MONOCYTIC LEUKEMIA. Thc great majoF- 
^ ity of cases of monocy'tic leukemia are acute or sub- 
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acute, as already described. A small number are 
slower in their course. Relatively low or subnormal 
leukocy’te counts, bone pain, and cutaneous mani- 
festations have characterized these cases. 

LYMPHOSARCOMA CtLL LEUKEMIA. The “lympIlO- 
sarcoma cell" is about 9 to 14 p in diameter, has 
a sparse but deeply basophilic cytoplasm, an oval, 
oblong, or kidney-shaped nucleus with coarsely re- 
ticular, spongy chromatin, and a single, prominent 
nucleolus. Such cells are seen in cases fitting the 
catcgoiy of “leukosarcoma," proposed by Sternberg. 
Enlargement of lymph nodes in any one of many 
sites, but especially in thc anterior mediastinum, or 
symptoms referable to anemia, may for months or 
e%'cn years precede the appearance of these cells in 
the blood The leukocyte count may remain normal 
or low for a long time or es'en throughout the 
illness, even though SO to 98 per cent of the 
cells may' ultimately be of the lymphosarcoma cell 
type. 

PLASMA CELL LEUKEMIA. Th{s lerlTl iS OppllcJ tO 
rare cases in which plasma cells have been found 
in thc blood but which in other respects resemble 
leukemia— i c., iKetc are leukocytosis, anemia, and 
splenic and frequently lymph node and hepatic 
enlargement. This disorder is perhaps but a variant 
of plasma cell myeloma, but m contrast to typical 
multiple myeloma (Chap. 244), bone involvement 
and liyperprolcinemia may not be present. There 
may be e.xtraesseous plasmacyiomas in thc upper 
respiratory passages, the cornea, the pleura, and 
cIseNvhere. 

A number of other, still more rare forms of leu- 
kemia base been described They include so-called 
"mcgakaryoeytic" and “acute megakaryoblastic" 
leukemia, eosinophilic leukemia, and basophilic, or 
mast cell, leukemia. Tlie clinical course of some 
cases of eosinophilic leukemia is so unlike that of 
myelocytic leukemia that in some instances one 
wonders whether they represent true leukemia. 
Acute and chronic erythremic myelosis (di Gog- 
lielmo syndrome) refers to a disorder in which the 
erythropoietic tissue, rather than the leukopoietic 
tissue, seems to be involved in a neoplastic process. 
The blood contains numerous erythroblasts in all 
stages of maturation, but tlie most immature forms 
are found in disproportionately large numbers. 
Other manifestations are similar to those seen in 
leukemia. The term enjihroleukemia refers to a 
very rare disorder in which there appears to be a 
combined neoplastic hyperplasia of both erythro- 
blastic and leukoblastic tissues. Cases suth as these 
and lymphosarcoma cell leukemia, plasma cell leu- 
kemia, and cases of lymphocytic leukemia with 
only minor clianges in the blood give support to the 
view, now widely held, that these conditions and 
those chiefly affecting lymph nodes, such as lympho- 
sarcoma, as well as multiple myeloma, are very 
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closely related disorders or simply variations of a 
single abnormal process. 

Diagnosis. The diagnosis of leukemia is not 
diiBcuIt in most cases. Confusion may arise when 
the blood has not been examined thoroughly, when 
the question of a leukemoid reaction arises, or when 
the blood is subleukemic. 

Inst-inces of chronic leukemia, because of lymph 
node or splenic enlargement, may suggest one of 
the various disorders affecting Ij-mph nodes or the 
spleen (Chaps. 242 and 243), or if the chief symp- 
toms draw attention to other s)*sfems of the body, 
a very great varietj' of conditions may be simulated. 
Acute leukemia, as already mentioned, may suggest 
acute inflammatory conditions of various lands, 
purpura hemorrhagica, or other disorders. 

Hematopoietic responses which suggest leukemia 
{leukemoid pictures) may be ohsen-ed under a 
variety of circumstances: 

1. In association with infections. A picture re- 
sembling myelogenous leukemia is sometimes asso- 
ciated svith pneumococcal and meningococcal in- 
fections and rarely is seen in diphtheria arid tuber- 
culosis. Lymphocytic leukemia may be suggested 
by the leukocytic reaction in whooping cough, in- 
fectious mononucleosis, and infectious lymphocy- 
tosis, in particular, and sometimes in chickenpox. 

2. Intoxications. In rare instances of eclampsia, 
8e\’ere bums, diabetic acidosis, and mercury* poison- 
ing, leukemoid pictures ha>*c been observed. 

3. Malignanaj, especially uath bone metastases, 
as well as in multiple myeloma, my eloscletosis, and 
Hodgkin’s disease. 

4. FolIo%ving severe hemorrhago or the rapid 
destruction of blood, when the profound stimulus 
to the bone marrow may bring forth a marked leu- 
kocytosis as well as immature fonns of the nucleated 
red corpuscle series. 

The essential findings in the blood which fa\or 
leukemia rather than a leukemoid reaction are (1) 
pronounced immaturity of the leukocytes, which 
is more significant than their number; and (2) 
evidence of other hematopoietic disturbances, which 
includes (a) anemia; {b) the presence of immature 
red corpuscle forms in the blood, such as nucleated 
red corpuscles and polychromatophiha; and (c) 
platelet abnormalities, especially thrombocy'topenia. 
Only in the early stages of chronic leukemia are 
anemia and other signs of disturbed hematopoiesis 
lacking. In leukemia the immaturity of the leuko- 
cytes often is not orderly as in the case of a physio- 
logic response, where there are successively fewer 
numbers of the various immature forms, %vith at 
most but a small number of myelocytes and but 1 
or 2 per cent of myeloblasts 

These criteria usually suffice to distinguish leu- 
kemia from a leukemoid reaction. In addition, the 
clinical findings, such as splenomegaly, lympbad- 
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enopathy, and sternal tenderness, make it apparent 
Aat one is dealmg with leukemia. On rare occa- 
sions, however, differentiation is quite difficult, for 
the disease simulating leukemia may* be accom- 
panied by some of tliese physical signs, and e\en 
immature forms of the red coqiuscle series may 
find their way into the blood. 

In subleukemic leukemia especially, and in the 
less clear instances where leukocy’fosis is present, 
the hone morroto examination is very helpful, for 
there abnormalities will usually be found which are 
well beyond the normal variations. Only in the early 
stages of chronic lymphocytic leukemia or in the 
rare cases in which the marrow involvement is not 
diffuse, is the sterna] puncture bkely* to be disap- 
pointing. In chronic myelocytic leukemia the cells in 
the bone marrow may be at a slightly* less mature 
lex'el than in the blood. In acute myeloblastic leu- 
kemia, even when tliere are few immature forms in 
the blood, the marrow is crowded ^vlth myeloblasts. 
In other types of acute leukemia the corresponding 
cells or their precursors will be found in large num- 
bers in the marrow (see p. 213). 

Other examinations which may be helpful in 
reaching a tliagnosis include rocnfgenographtt of 
the bones, which may reveal subperiosteal infiltra- 
tion, osteolytic or tumorlike changes; measurement 
of Use basal metabolic rate, which is increased in 
many cases of leukemia; and sometimes lymph node 
biopsy*. 

Course and Prognosis. With the possible excep- 
tion of two or three instances, there are no authentic 
reports of cure of leukemia. In chronic leukemia the 
course is rarely interrupted by spontaneous remis- 
sions. In acute leukemia such remissions are ob- 
served occasionally, especially following infections, 
and may last for several weeks. The duration of h/e 
in cases of chronic leukemia varies greatly*. In some, 
death ensues in a year or two after symptoms Erst 
appear; in others, the course may be extremely 
protracted, extending over 10 or 15 years and, very* 
rarely, e%*en longer. In certain cases such apparent 
long or short duration depends respectively upon 
early diagnosis or late discovery of the disease. In 
most instances the essential factor probably consists 
in different intensities of the pathologic process The 
average duration of life in Tronic myelocytic leu- 
kemia is 3.2 years; in the lymphocytic variety, 5 4 
years. It is thought that about 20 per cent of pa- 
tients sur\’i\’e more than 5 years. For acute leu- 
kemia, available statistics vary, but in the largest 
series which has been studied, the mean survii'al 
time from the onset of symptoms was 4.7 months in 
patients treated only with transfusions and anti- 
biotics. The longest xvas 58 weeks, but 50 per cent 
of the patients were dead within 17 weeks, 90 per 
cent within 36 weeks. 

In chronic leukemia, treatment, even though it 
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may not increase survival time by more tfian 6 erally accepted form of radiation therapy, the 

months or a year, can for much of the time make choice between this and treatment with Js 

the difference between a state of chronic invalidism mainly a matter of availability and convenience, 
and a condition of well-being which may approach The details of dosage are matters for the specialist, 
normality. In acute leukemia the newer methods of Serial dafly doses of 100 to 200 r or as little as 25 to 

treatment have made it possible in many’ instances 50 r, appropriately filtered and over spedfied areas, 

to bring about and maintain remission in children arc used by various worken. Treatment is stopped 
for significant periods of time and perhaps also to when the leukocyte count has fallen to approxi- 
prolong life. In adults the results of treatment in mately 25,000 per cu mm, but this is not an abso- 
most cases have been much Jess satisfactory. futc critenon since irradiation, given cautiously, 

Prognosis in chronic leukemia can be judged more may prove effective even in cases svith leukopenia, 
from the degree of anemia and the extent of Treatment with phosphorus made radioactive 
weight loss than from the magnitude of the leuko- (P^®) offers the advantage that the radioactive 

cyte count, especially if these fail to respond fol- matenal is concentrated in the position where it is 
lowing therapy. Thrombocytopenia is also an especially required — that is, in those tissues which 
unfavorable sign, for, except in occasional cases of have a high phosphorus content and metabolize 
chronic myelocytic leukemia, this indicates exten- phosphorus rapidly: the liver, spleen, kidneys, and 
sive infiltration of a degree nOt bkely to be greatly bone marrow. The material can be given orally or 
influenced by treatment. intravenously and, unlike roentgen irradiation, it 

Treatment. Although cure of leukemia has not does not result in radiation sickness, 
been adiieved as yet, preSent-day methods of There is good evidence that life can be prolonged 
therapy provide considerable improvement, reduce with regularly spaced irradiation designed to keep 
morbidity, and may even prolong life, as outlined the patient in a good state of health and at bis 
above. In addition to irradiation and chemotherapy, normal occupation. There are few now who hold to 
which will be considered below, general meast4res the view that irradiation therapy, or chemotherapy 
of management are important. These include blood for that matter, should be reserved for use only m 
transfusions, when necessary, and antibiotics. The well-established relapse or when symptoms are 
latter are often not needed if only leukopenia is prominent. 

present; they are better reserved for prompt use at Chemolherapi/, Chemotherapy, besides being less 
the first sign of infection. Good oral hygiene is im- expensive than roentgen-ray tlierapy as a rule, 
portant, as well as a well-balanced, nourishing diet makes management practical for those patients who 
Advice concemine rest and activity should be do not reside where roentgen therapy apparatus is 
guided by the make-up of tbe padent. In general, available. Many roentgenologists employ daily 
patients with leukemia should be encouragetl to treatments for 2 to 3 weeks, which may be incon- 
maintain their normal activities in so far as possible, venienl ns well as expensive in some cases. A variety 
treatment should be provided Nvith the object of re- of chemotherapeutic agents is now available which 
ducing morbidity, and hospitalization should be can be taken orally. Observations on patients 
reduced to a minimum. treated with such agents may be spaced at in- 

Irradiation. This is of value in chronic leukemia tervals of one to several weeks, thus pennitting a 
and may be given by means of roentgen rays, radio- return to normal activities and r^ucing cost. In the 
active phosphorus (P^®), radium, thorium X. or last analysis, however, treatment must be designed 
mesotborium. Only the first two are now used In- to suit the individual needs of tlie patient, and 
creasing anemia, loss of weight, pressure symptoms, often both irradiaUon and chemotherapy are re- 
mvasion of tissues vvith production of pain, or dis- quired at different times in the same person. Thus, 
figuring or uncomfortable glandular enlargement disfiguring and uncomfortable adenopathy or great 
are indications for treatment. These are of more splenomegaly may call for local roentgen therapy, 
importance than a high or rising leukocyte count, whereas systemic manifestations are well handled 
hemorrhagic manifestations and thrombo- by chemotherapy or radioactive phosphorus, 
cytopenia, Lke anemia, may be due to marrow In general, the chemotherapeutic agents useful 
infiltration by leukemic ceUs and thus may be in the treatment of chronic leukemia differ from 
alleiiatcd by treatment, more often they are part of those valuable in acute leukemia (Table 24I-I). 
the terminal picture of chronic leukemia and in- aiaoNic leukemia. Chemotherapeutic agents in- 
dicate that treatment is hkely to be ineffective, elude busulfan (a sulfonic acid ester, I:4-dimeth- 
Acute leukemia is another contraindication to ir- anesulfonyloxjbutane), demecolcin (desacetyl- 
radi.'ition. Such treatment is not only of little or no methylcolchidne), chlorambucil [p-(di-2-chlorD' 
value but may be harmful. ethyl) aminophenylbutyn'c add], and triethylene- 

Although roentgen therapy has been the gen- mdamine. 

,, 'V 
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Table S4I-I. BELATIVE VALUE OF DIFFERENT AGENTS IN TBEATJtEVT OP LEOKEMLAS AND LTMPJIOMAS 



Chronic leukemia 

Acute leukemia 

Hodgkin’s 

disease 

Lympho- 

sarcoma 

Myelo- 

cytic 

B^rntpho- 

cytic 

Mj-elo- 

blastie 

Mono- 

blastie 

Bynipho- 

blastic 

Irradiation: 
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Although the nausea and vomiting associated 
with nitrogen mustard therapy (p. 1341) can be 
allayed considerably by sedatives or an antiemetic 
such as chlorpromazine, the discovery of other 
agents equally or more effective without such un* 
pleasant action malces it unnecessary to use this 
drug. Similar to nitrogen mustard in pharmacologic 
effects is triethylenemelamlne, which can be given 
orally and rarely causes gastrointestinal symptoms. 
This agent is a potent hematopoietic depressant and 
must be used with great «utlon. It is most useful 
in chronic lymphocytic leukemia. For the myelo- 
cytic variety other less toxic agents are available. 
Daily administration for a week or more seems un- 
wise, since the depressant effect is cumulative. It is 
better to give the agent over a period of 1 to 3 
days, waiting then for 2 or 3 weeks before more is 
given so that its full effect can be determined. As 
little as 1 or 2 mg may produce a fall in the leuko- 
cyte count and reduction in lymphadenopathy in 
chronic lymphocytic leukemia, but in other cases 5 
mg and, raiely, even 10 mg may be required. The 
drug is usually given when the patient awakens in 
the morning together Avith 2 Cm sodium bicar- 
bonate. Breakfast may be taken 2 hr later. 

Even more useful in the treatment of chnanic 
lymphocytic leukemia because it is someivhat less 
toxic is chlorambucil, an aromatic mustard. The 
usual dose is 0.1 mg/kg/day by mouth. 

Busulfan (Myleran) is the most useful of the 
chemotherapeutic agents for chronic myelocytic leu- 
kemia. In oral doses of 4 to 6 mg daily, its use is 
associated with a reduction in the leukocyte count 
in the course of several weeks and a rise in hemo- 
globin, together with corresponding clinical im- 
pio\ ement. Thrombocytopenia and purpura are the 
chief toxic manifestations, but these are uncommon. 


Only rarely is there any gastric discomfort. When 
the leukocyte count has decreased to approximately 
10,000 per cu mm, treatment is stopped. Remissions 
measured in months have been observed. Demecol- 
cin (Colcemide, an alkaloid isolated from colchi- 
cum), abo is effective in chronic myelocytic leu- 
kemia. The Dial dose is 4 to 6 mg daily. However, 
relapse occurs promptly unless the drug is con- 
tinued. Urethan is no longer used. 

These agents, os already indicated, will bring 
symptomatic relief in many cases of chronic leu- 
kemia: lymph nodes will decrease in size, the spleen 
wOI become smaller, anemia will decrease or dis- 
appear, weight will be gained, and a sense of xvell- 
being will return, to remain for variable lengths 
of time. For the treatment of chronic lymphocjtic 
leukemia, chlorambucil is perhaps the best of the 
chemotherapeutic agents available at present. For 
chronic mj*elocytic leukemia, busulfan is the most 
satisfactory drug, but demecolein is sometimes ef- 
fective when busulfan fails. They have little value 
in the lymphocytic form. 

Splenectomy has been helpful m occasional cases 
of chronic lymphocytic leukemia when there was 
severe anemia associated with a reduced sunival 
time of transfused red corpuscles, even in the 
absence of frank signs of hemolytic anemia. In 
such cases the steroid hormones, cortisone and 
prednisone, and adrenocorticotropic hormone have 
also been useful, and they should therefore be 
given a trial before splenectomy is considered. 

ACUTE LEUKEMIA. In acutc leukemia, roentgen 
therapy is of no value, radioactive phosphorus has 
limited application, and the above-mentioned 
chemotherapeutic agents are of no benefit. Nitrogen 
mustard will reduce the leukocyte count and may 
reb'ex'e bone pain but offers nothing more- On the 
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oilier hand, the steroid hormones, the folic acid 
antagonists, and other agents, sudi as 6-mercapto- 
purine, are valuable in many c.ises. 

The steroid hormones, of which prednisone and 
similar compounds are preferable since they can be 
administered by mouth, ha%c been found to bring 
about a remission in at least t«’o-thirds of the cases 
of acute lymphoblastic IcuVemia in children and 
perhaps in half this proportion of adults. To 
achieve these results, usually a dose must be giv'en 
which is large enough to produce signs of hyper- 
corlicism, general!)' 40 mg prednisone daily. Such 
treatment rarely needs to be supplemented by 
potassium chloride {2 to 6 Cm daily), and the 
diet need not be salt-free. A similar beneficial effect 
is rarely observed in m)eloblastic or monocjtic 
leulemia, in fact, these t)pes may even be made 
worse. Once a remission has been attained, steroid 
tlierapy is stopped. Tlie remission may last several 
vveehs or sometimes months. One may attempt to 
prolong the remission by the administration of 
one of the antagonists Re-treatment with steroid 
hormones may produce a second remission, but tills 
is usually less complete than the first. 

A varie^ of folic acid antagonists is avaJable, 
but amefhoplerin (methotrexate, 4-amino-N’‘>- 
mcthylpteroylglutamic acid) is more generally em- 
pIo)ed The daily oral dose range of amethopterin 
IS 1.25 to 5.0 mg, rarely more. The drug is given 
until a remission has been produced or severe totic 
s)Tnptoms occur: oral ulceration, anoreoa, nausea, 
vomiting and diarrhea, leuVopcnia, increasing 
thrombocytopenia and hemorrhage, and increasing 
anemia, alopecia, and skin rash. Sometimes it is 
very difficult to distinguish betvveen toxic effects 
and an increase in tlic signs of leukemia. When 
given in large enough doses the antagonists will 
lead to the appearance of megalohlasts in the bone 
marrow. In children, with amethopterin as with 
steroids, remissions have been observed in approxi- 
mately CO per cent of those treated; in adults these 
agents are much less successful Ultimately re- 
sistance develops in all cases and the drugs become 
no longer eflectivc. 

Of tile other analogues of folic acid, purines, py- 
rimidines, and amino acids which have been stud- 
ied with the object of discovering additional anti- 
leukemic agents, 6-mcrcaptopurine (CMP, Purine- 
thol) is the most clearly useful agent Good clinical 
and hematologic remissions have been observed in 
somewhat less than 50 per cent of children with 
acute leukemia and in about 25 per cent of adults. 
Remissions have lasted from 1 to 10 months and 
have been observed even in patients who Iiad be- 
come resistant to folic acid antagonists or to the 
steroids. The usual therapeutic dose is 2.5 mg per 
' " body weight per day liy mouth. Sometimes twice 
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this amount is given for a short time, but in such 
cases the danger of producing marrow hvpoplasia 
must be kept in mind. This drug has also befti 
foimd to produce improvement in early chronic 
myelocytic leukemia, and occasional beneficial ef- 
fects have been obseo’ed in the terminal "acute” 
stage of chronic m)’elocytic leukemia. Such remis- 
sions, however, have usually been of short duration. 

The most effective method for the tre.itment of 
acute leukcm/a is to use one agent at a time and (o 
follow this with another one of the agents which 
has been shown to be effective Thus, in the man- 
agement of a case of acute lymphoblastic leukemia, 
one mi^t initiate treatment with steroids, this be- 
ing continued until a remission has been produced. 
Therapy is then interrupted, and the patient is ob- 
serv'ed at vv'eelJy or fortniglitly inferv'als until the 
first suggestion of relapse appears. When beginning 
anemia, thrombocytopenia, fever, sternal tender- 
ness, an occasional immature leukocyte m the blood, 
or any other evidence of beginning rekipse appe.ars. 
either a folic acid antagonist or DMP is adminis- 
tered until a new remission has been acliieved. If 
the remission is complete, treatment may be again 
interrupted .and is resumed when evidence of re- 
lapse once again begins to appear, this tune the 
third agent, either amethopterin or 6MP being 
used. Later still, any one of these agents may be 
tried again. Dy such a plan of alternating use of 
drugs, the development of “resistance” to one of 
these agents may possibly be delayed and it may 
be possible to prolong the life of patient. In 
cases of acute mycloblaslic or monecj-tie leukemia, 
the steroid hormones are of httle or no value, as 
already mentioned, and treatment must depend on 
the antifolic acid compounds and 6MP. 

A more common practice than the above method 
of interrupted therapy is to ghe maintenance that, 
apij. Thus, when a remission has been brought 
about in a case of acute lymphoblastic leukemia 
with steroid therapy, usually after 5 to 6 weeks of 
such treatment, steroid administration is reduced 
and in the course of about 2 weeks it is stopped 
Instead, 6MP is given, in doses of 2.5 mg per kg 
body weight per day. This is continued until signs 
of relapse, or of toxicity, appear. Remission may 
be maintained for many months in this way. If 
toxic sj’mptoms develop, interruption of therapy 
for a w«k or two should suffice to eliminate them 
and treatment is then resumed, usually at a lower 
dose. When 6MP ultimately fails, a course of ster- 
oid therapy may be given again, to be followed by 
ometliopterin maintenance therapy. Although it has 
not been proved that maintenance therapy permits 
longer survival than Interrupted therapy, it is clear 
that long surviv'.'ds can be achieved in this way. 
The use of a single agent at one time is important 
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not only because this permits other drugs to be 
held in reserve for use when relapse occurs but also 
because the interpretation of clinical and hemato- 
logic changes which occur during therapy is sim- 
pler and the differentiation of toxic effects from the 
signs of disease is easier. 

Many other chemical compounds have been 
tested in the treatment of leuhemia, but as yet none 
has been shown clearly to offer any advantages over 
the drugs discussed above. 

Attempts to transplant human bone marrow in 
patients with leuhemia who have been given heavs’ 
irradiation or chemotherapy with the object of de- 
stroying all the leukemic tissue have not met with 
success. The concept is intriguing but its value re- 
mains to be demonstrated. 
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OAO DISEASES OF THE 
A^A SPLEEN AND 

RETICULOENDOTHELIAL 

SYSTEM 

M. M. Wintrobe 

The functions of the spleen were outlined in an 
earlier chapter (p. 232). Disorders of the spleen 
most frequently produce enlargement of this organ. 
The significance of splenic enlargement has been 
considered already, and the differential diagnosis of 
splenomegaly was discussed there (p. 233). Here 
sev'cral of tlie disorders which involve the spleen, 
in particular, will be described. 

Disorders of tlie spleen not hitherto considered 
include congenital anomalies, rupture, and infarc- 
tion. Congenital anomalies may take various forms. 
Instead of being a single organ, the spleen may be 
subdivided into numerous small spleens, or a spleen 
of normal size and shape may be accompanied by 
one or more accessory spleens. Rarely, the spleen 
assumes a retroperitoneal position and may force 
the left kidney downward. A movable spleen may 
be found in any part of the abdomen. If its pedicle 
becomes twisted, there may be sudden pain, en- 
largement, and signs of shock, as well as fever and 
vomiting if the torsion has des'eloped acutely. Less 
severe symptoms occur if the process is more 
gradual. 

Rupture of the spleen may occur following 
trauma, particularly if the spleen is diseased. Ma- 
laria, typhoid fever, and infectious mononucleosis 
are among the diseases in which this has been 
observed. Agonizing abdominal pain or pain m die 
left scapular region, together with signs of internal 
hemorrhage, characterizes this catastrophe. Anemia 
develops rapidly and leukocytosis occurs. Prompt 
surgicM treatment is imperative. After traumatic 
rupture autotransplantation of splenic tissue (sple- 
nosis) sometimes occurs. 

Infarction of the spleen may be stenle, in which 
event it is followed eventually by fibrosis and 
shrinkage. This has been observed as a complica- 
tion of leukemia. A septic infarct may terminate 
with the formation of an abscess. The most com- 
mon symptom of infarction is pain. Careful exami- 
nation wll reveal a friction rub. Unless an abscess 
forms, necessitating surgical intervention, sedation 
and abdominal support to impair movement of the 
spleen suffice. 

Congciiifol absence of the spleen may be sus- 
pected when Howell-Jolly bodies, occasional nucle- 
ated red cells, target cells, decreased osmotic fra- 
gility, sideroc)‘tosis, leukocytosis, and a variable de- 
gree of thrombocytosis are found in the absence of 
a discoverable cause and particularly when there 
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is associated congenital heart or intestinal raalfor- 
malion. 

CHRONIC CONCESTI\Ti SFLENOMEGACY 

Definition. This syndrome, also called Bantis syn- 
drome or splenic anemia, is characterized by splenic 
cnhirgcment, leukopenia, anemia and often throm- 
boc) topenia, a tendency to gastric hemorrhage, and, 
in many cases, cirrhotic changes in the li\er. 

History. The term splenic anemia W'as originally 
used ( 1866) to refer to cases of anemia with sple- 
nomegaly uhich were not frank leukemia. Banti, 
in 1882 and subsequently, described a form of 
splenomegaly of unknown etiology associated in its 
earliest stages uith leukopenia, asthenia, and occa- 
sional hemorrhagic episodes. In the intermediary 
stage, hepatic enlargement occurred, as well as uro- 
bilinuria and a dirty-broumish discoloration of the 
skin. The final stage consisted of liver atrophy and 
ascites. 

Etiology. Banti described the spleen as being 
characterized by conspicuous thickening of the 
fibrillar reticulum in the Malpighian corpuscles and 
red pulp (''fibro-adenie'*). These changes origi- 
nated around the central artery of the follicle. In 
his opinion, the spleen was the primary seat of the 
disease. Later U’ork showed that these changes are 
not specific and can be encountered particularly 
when there Is increased venous pressure in the 
portal bed. Thus the designation chronic congestive 
splenomegaly has arisen. Cirrhosis of the liver, 
cavernous transformation of the portal vein, portal 
vein and splenic vein thrombosis, or variants In the 
anatomy of the venous pattern have been found in 
as many as 60 per cent of the cases. Active con- 
gestion in the spleen in tlie absence of venous ob- 
struction has also been proposed ns a cause of tim 
sjndrome. This concept depends on the hypothesis 
that disease of the splenic arteries is the primary 
fault, with the result th.at they fail to control the 
amount of blood entering the spleen, thus permit- 
ting congestion to develop. 

The hematologic changes observed in the Banti 
syndrome are attributable to the unequal distribu- 
tion of the colls of the blood in the splenic vascular 
bed and the remaining parts of the circulation re- 
sulting from stasis of the portal circulation. Follmv- 
ing splenectomy the blood values usually have re- 
turned to normal. 

Pathology. Tlic spleen weighs 600 to 1,200 Cm 
as a rule, but ma)’ weigh as much as 5,000 Cm. 
At first one finds an incre-ise in the reticulum, cel- 
lular h>pcrplastic pulp, degenerative changes in 
the folliailar arterioles, and congestion. Later the 
follicles become smaller, while fibrosis of the reticu- 
lum, trabeculae, and capsule increases. Periarterial 
hemonhages, and siderotic nodules deposited in 
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the fibrous tissue around the arterioles are found 
In many instances. 

Symptoms. Young adults are most frequently af- 
fected, but the disease may come on in childhood- 
The onset is usually insidious. The condition may 
ultimately attract attention in a variety of ways. 
There may be gastrointestinal complaints of vague 
character, probably attributable to the large mass 
in the left upper quadrant; the mass itself may be 
noticed accidentally; symptoms of anemia may be- 
come prominent; or the disorder may be announced 
explosively by the occurrence of a gastric hemor- 
rhage. The spleen may extend to the pelvic brim. 
Ultimately the symptoms and signs of cirrhosis of 
the liver may appear. Obstruction of mesenteric 
veins may lead to the development of hemorrhoids: 
occlusion of the portal vein is foUovved by the ap- 
pearance of signs of colbtcral circulation. 

The anemia is normocylic and moderate in de* 
gree unless hemorrhage has occurred, when it may 
be microcybe hypochromic in type. In cases with 
long-standing and severe liver disease the anemia 
may be macrocytic. Leukopenia is found consist- 
ently. and thrombocytopenia is observed frequently- 
The bone marrow may show no abnormality, of 
slight myeloid hypoplasia may be present. 

Diagnosis. Other conditions leading to pancyto- 
penia (p. 1324) must be excluded, as well as the 
various causes of splenomegaly (p 233). Even 
when gastrointestinal hemorrhage has occurred, the 
diagnosis should be made only after other possi- 
bilities have been excluded. Thus, a “silent” peptic 
ulcer may produce hypochromic microcy-tfc anemia 
with slight splenic enlargement. Hookworm infec- 
tion may produce chronic hypochromic anemia 
with moderate splenomegaly. Liver function should 
be studied in suspected cases, and esophageal vari- 
ces looked for. If liver function is good and other 
conditions have been excluded, portal or splenic 
vein thrombosis should be suspected. Congestive 
splenomegaly due to extrahepatic causes is more 
likely to be found in patients below the age of 
eighteen than in older patients. 

Prognosis and Treatment. Unless serious hemor- 
rhage ensues, the course of the disease is stow as 
a rule and relatively benign. Patients may live for 
10 years or longer. The chief nonsurgical proce- 
dures are administration of a diet rich in protein 
and otherwise complete as well; administration of 
iron jf there has been hemorrhage; and blood trans- 
fusion if bleeding has occurred recently. If there is 
gastroesophageal bleeding, abdominal exploration 
IS advisable, since some cause for congestion in the 
portal bed may be discovered and treated. At one 
time splenectomy was the sole surgical measure 
fimployed. However, although this procedure is 
likely to relieve the leukopenia — and thrombocyto- 
penia if it is present — it is of little value in relieving 
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the portal hypertension. Now, therefore, it is con- 
sidered that a surgeon should not perform splenec- 
tomy in congestive splenomegaly unless he is pre- 
pared to form a venovenous anastomosis with the 
object of reducing the increased pressure in the 
portal bed. Portacaval shunt is usually preferred 
because of the large size of the vessels involved. If 
a large-cabber splenic vein is available or when the 
portal vein is obliterated, splenectomy and spleno- 
renal shunts are recommended. When an adequate 
shunt cannot be made, esophagogastrectomy is em- 
ployed. Following removal of the spleen, the leu- 
kopenia disappears, the anemia is relieved in whole 
or in part, and the platelet count is also likely to be 
restored to normal. The risks of surgery in these 
patients are substantial, however, and surgical in- 
tervention is advocated only (1) in cases in which 
there is severe upper intestinal bleeding and in 
which the portal h)'pertension is due to extrahe- 
patic block; and (2) in cases of portal hyperten- 
sion associated Nvith cinhosis of the liver where 
ascites and icterus are minimal or absent and there 
IS a reasonable degree of hepatic reserve. 

GAUCHER’S DISEASE 

DeSnition. This is a rare, chronic familial disor- 
der characterized by marked splenomegaly and of- 
ten also by skin pigmentation, pinguecutae of the 
scleras, and bone lesions. 

Etiology^ Morbid Anatomy, and Pathogenesis. 
The disorder usually is apparent early in life. It has 
a predilection for females, and the condition has 
been observed most often in Jewish families. Its 
mode of inheritance is uncertain. The characteristic 
finding is svidespread reticulum cell hyperplasia, 
these cells being filled with lipid, mainly sphingo- 
hpids, as discussed elsewhere (Chap. 95). Conse- 
quently, Gaucher’s disease is classed as a disturb- 
ance of lipid metabolism. The cause is vsnknown. 
The cells are distinctive, being 20 to 80 ^ in diame- 
ter, round, oval, or spindle-shaped, and possessing 
one or more small, eccentrically placed nuclei. Ap- 
propriately stained, the cytoplasm shows numerous 
wavy fibrillae. These cells are found in the spleen, 
bone marrow, lymph nodes, and liver. The spleen 
may weigh as much as several thousand grams. 

S>'mptoms. There is considerable variation in the 
age of onset and in the rate of progression of symp- 
toms. As a rule, the earlier the onset the more rapid 
the course. The enlargement of the spleen is usu- 
ally the outstanding manifestation, sometimes the 
only one. There may be a dragging sensation or 
pain due to infarction. Pain in the limbs, due to 
bone involvement, may develop. The liver may be 
enlarged, but the Ijmph nodes usually arc not pal- 
pable. Roentgenograms may reveal osseous changes. 
Hemorrhage from the nose or gums is relatively 
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conuooD. Light yellowish-broivn discolorations on 
the conjunctivas on either side of the cornea, and 
an ocher-to-broivn hue of the skin, may be present. 

As in other splenic disorders, moderate anemia, 
leukopenia, and thrombocytopenia are the usual 
blood findings. 

Diagnosis. Diagnosis can be made by sternal or 
splenic puncture, which will reveal the character- 
istic cells. The plasma acid phosphatase activity is 
increased (p. 780). 

Treatment and Prognosis. Although the disease 
coincidentally involves other parts of the reticuloen- 
dothelial system, splenectomy is svorthwliile if the 
spleen is very large and thereby causes discomfort, 
or if there are serious symptoms attributable to the 
blood changes. In infants the prognosis is not good, 
but those who have survived to adolescence may 
live for many years even if splenectomy is not per- 
formed. 

NIEMANN-PICK DISEASE 

This is a lipid disorder of the reticuloendothe- 
lial system very similar to Gaucher’s disease except 
that the condition has been observed only in in- 
fancy and its course is much more acute, death oc- 
cumng within a few months after birth. The char- 
acteristic cells are filled with small, round, hyaline 
droplets, grouped in clusters and giving the appear- 
ance of a honeycomb. The stored material is a 
phospholipid, perhaps sphingom>’elin (see Chap 
95). 

HAND-SCIlOLLER-CHniSTIAN DISEASE 

Exophthalmos, diabetes insipidus, and defects in 
the membranous bones form the triad which char- 
acterizes Hand-Schuller-Chnstian disease. At one 
time the manifestations of this disorder were con- 
sidered to be produced by the growth of a charac- 
teristic type of granulation tissue with cells contain- 
ing cholesterol and its esters. Tlie present tendency 
is to regard Schuller-Christian disease as being 
closely related to Letterer-Siwe disease and to 
eosinophilic granuloma. Eosinophilic granuloma is 
a disorder localized to bone, consisting of sobtary 
or multiple osteolytic lesions, but with no discerni- 
ble visceral involvement. It is found in inf.-ints, chil- 
dren, and young adults, and occasionally at a Liter 
age, and is treated satisfactorily by curettement or 
roentgen therapy. Le/lerer-Siti'c disease has been 
obscrvxjd most often in infants and young children, 
is variable in duration (a few weeks to several 
years), and has often proved fabl. There is evi- 
dence of B wasting disorder, rvith enlargement of 
the spleen and liver, generalized h-mphadcnopatliy, 
a hemorrhagic diathesis, espccLilly petcchiae and 
purpura, skeletal lesions, progressive .nncmia, and 
cutaneous manifestation jf dis- 
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Crete, yel!o\vish-bro\vn maculopapular lesions, or 
papules with a red border and \cllow center. They 
are scattered over tlie face and trunk parbcularly, 
but may be found in the scalp and elsewhere. 
Whitisii macules over the palate and tongue and 
weeping erosions m the axillas and other moist 
areas may develop. The three conditions possess 
os a common denominator a distinctive, inflamma- 
tory histiocjlosis. Some regard Letterer-Shve dis- 
ease as tlie acute or subacute form of a disorder of 
which the Schiiller-Christian picture is the chronic 
counterpart. The onset of the latter is in children 
and in young adults. The histiocytosis or granulo- 
matosis may or may not be accompanied by mtense 
eosinophilic reaction; the characteristic lipogranu- 
loma is now thought to be the late phase in the 
evolution of tlie histiocytic lesion. Unhke Gauch- 
er’s disease and Niemann-Pick disease, there is no 
family predilection, and splenomegaly and hepa- 
tomegaly do not always occur and are never con- 
spicuous. Tlic blood may show pancytopenia. Death 
may not ensue for many years, but considerable dis- 
ability may occur m the interval. 
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HODGKIN’S DISEASE 
AND OTHER 
“LYMniOMAS” 

lit. M. Wintrohe 

In nn earlier chapter (p. 231) the causes of 
Innph node enlargement were discussed and their 
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differential diagnosis was considered. In this section 
the clinical manifestations of Hodgkin’s disease and 
of other conditions chiefly niTecting lymph nodes, 
such as lympliosarcoma, will be described. These 
disorders will be considered under one heading be- 
cause their clinical manifestations are very similar. 

DeSnition. Hodgkin’s disease, lymphosarcoma, 
giant follicular lyTnphoblastoma (lymphoma), and 
reticulum cell sarcoma are included in this group. 
They’ are characterized by painless, progressive en- 
largement of lymphoid tissue. Ly’mphadenopatliy 
is a cliaractenstic feature, and the spleen is fre- 
quently enlarged. Cachexia, anemia, and, in many 
instances, fever usually are late symptoms. 

History. A disorder affecting the "absorbent 
glands and spleen’’ was described by Hodgkin in 
1832. Lymphohlaitoma, malignant lijmphogranu- 
loma, and many other terms were used in referring 
to the disease in subsequent descriptions. Jackson 
and Parker attempted to classify the disorder in 
tliree categories — paragranuloma, granuloma, and 
Hodgkin’s sarcoma. The picture of lymphosarcoma 
was described by Kundrat in 1893; Drill, Baehr, 
and Rosenthal differentiated giant follicular lym- 
phoblastoma in J925. Roulet (1032) separated 
reticulum cell sarcoma from the general group of 
malignant diseases of lymphoid tissue. Some pa- 
thologists differentiate still other groups or cal] 
these by otlier names; others seek to avoid fine 
separations. 

Cbssification. Clinically these disorders vary con- 
siderably in seventy. Ilistologically they show 
marked differences, but these are not well corre- 
lated with the clinical picture. They have been 
classified in various ways on histologic grounds. 
One of the most simple is that which differentiates 
those conditions with a simple histologic pattern 
from those with more comple.x patterns In tlie first 
category are reticulum cell sarcoma and lympfiosar- 
coma. The proliferating cells tend to encroach upon, 
obscure, and finally replace the architecture of the 
lymph node. The histologic pattern of Hodgkin's 
disease is more complex. Lymphocytes, plasma cells, 
granulocytes (eosinophilic and neutrophilic), mono- 
cyies, fibroblasts, and giant cells make up the pic- 
ture. The giant Reed-Stemberg cells, 10 to 40 n 
in diameter, are possessed of abundant cytoplasm, 
a multilobed nucleus or multiple nuclei, and promi- 
nent nucleoli. A variable amount of fibrosis may be 
present, and the lymph node architecture is often 
lost. In giant follicular lymphoma the histologic 
pattern is also somewhat complex, but the striking 
feature is the presence of multiple, follicle-Iike nod- 
ules of various sizes. Other types of “lymphoma," 
difficult to classify, are observed from lime to time. 

Etiology. Hodgkin’s dise.-isc forms about onc- 
third to one-half of all c.ases of this group It affects 
a younger age group than the other conditions, be- 



THE HEMATOPOIETIC SYSTEM 

ing most common in tlie second and third decades. 
lIo\vcver, no age is immune. Males are more Ire- 
qiiently affected than females. 

The cause of these disorders is unknown. There 
may not even be the common denominator of neo- 
plastic growUi to unite them, for many investigators 
consider Hodgkin’s disease to be an infectious 
granuloma Efforts to transmit the disease to ani- 
mals have failed, however, and attempts to incrim- 
inate various organisms, including the tubercle ba- 
cillus (human and avian), diphtheroid bacilli, and 
Briiceiia organisms, have not succeeded. An agent 
in the I)Tnph nodes found to produce encephalitis 
on inoculation into animals appears to be a non- 
specific chemical substance derived most probably 
from eosinophilic lcukoc)’tes. The other disorders 
in this group arc assumed generally to be true neo- 
plasms. This applies even to giant follicular Ijm- 
phoma, which at first was considered a benign dis- 
ease. 

SjTnptoms. In most cases lymph node enlarge- 
ment, usually cervical, is the first symptom to at- 
tract attention. Tliis may be bilateral but is more 
often unilateral at first. More rarely the axillary' or 
the inguinal nodes arc the first to enlarge. The 
nodes are discrete and movable at first; only later 
do they become matted together and fixed. As a 
rule, they are painless and not tender, and the over- 
lying skin is normal. However, when they have de- 
veloped rapidly or when nerves arc infiltrated as 
well, they may be painful. Tliis is true in Hodgkin’s 
disease especially. The size of the nodes ranges 
from tliat of a pea to that of a large orange. There 
is a resilient firmness in most instances, but the 
growth of connective tissue may make the nodes 
of Hodgkin’s disease harder in the counc of time. 
Occasionally the nodes in the axillary or inguinal 
regions may become secondanly inflamed and even 
break down. 

After an interval varying from months to years, 
evidence appears of lymph node involvement else- 
where. This may affect other superfickal nodes: 
supraclavicular, axillary, inguinal, subpectoral, 
brachial, or femoral. A common site, also, is the 
mediastinum, to which such symptoms as cough, 
dyspnea, stridor, or dysphagia should attract atten- 
tion. Splenomegaly develops in more than haU the 
cases of Hodgkin’s disease and of giant follicular 
lymphoma; less frequently in the other forms. The 
liver IS often palpable. Ultimately cachexia devel- 
ops and weight loss occurs. 

The mode of onset of these disorders may v^iy 
greatly, however. The manifestations may arise first 
m the mediastinum, the lungs, the digestive tract, 
the genitourinary tract, the bones, and, rarely, the 
nervous system. Infiltration of the lungs, atelectasis, 
or pleural effusion may occur. In the gastrointes- 
tinal tract die tumor may be far advanced before 
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it is first discovered. Colicky pain, loss of w’eight, 
anemia, a palpable tumor, and obstruction are signs 
produced by lymphosarcoma of the small intestine. 
When the retroperitoneal nodes are the chief ones 
to enlarge, the diagnosis may be very difficult to 
make and the chief sjauptoms may be fever, pain, 
and loss of weight. Hematuria, pyuria, or pain is 
found when the genitourinary tract is involv ed Lo- 
calized pain and tenderness, spontaneous fractures, 
and neurologic changes due to extension into the 
spinal canal from vertebral lesions are the most 
conunon manifestations of bone involvement. Areas 
of rarefaction may be demonstrable in roentgeno- 
grams, although symptoms may be present long be- 
fore roentgenographic signs become evident. Sub- 
periosteal infiltration may occur, or the bone mar- 
row involvement may be extensive. Of cutaneous 
m-inifestations, pruritus is the most frequent; it is 
encountered particularly in Hodgkin’s disease 
Brownish skin pigmentation, herpes zoster, and 
nodules produced by infiltration by the specific 
cells arc among other skin manifestations which 
may be encountered. Symptoms and signs may also 
develop which are secondary to swellings produc- 
ing pressure in various areas. 

Ckinstitulional sj-mptoms may appear early fn 
Hodgkin’s disease, but they occur late in the other 
lymph node disorders. Hodgkin's disease, in par- 
ticular, may produce a great variety of manifesta- 
tions, so tliat, in addition to the localized form, 
which is much the most common, a generalized 
type, an acute type with death in a few weeks or 
months, a "Jarvar' or abdominal form, and a sple- 
nomcgalic type have been described. 

Fc^er is common in Hodgkin’s disease, although 
the well-known Pel-Ebstein type of fever is actu- 
ally uncommon, appearing no oftener than in 16 
per cent of cases. This form of fever consists of 
febrile periods of several days’ to several weeks’ 
duration in which the temperature remains at lev- 
els of approximately 102 to 1Q4®F, alternating with 
periods of weeks to even months during which there 
IS no fev'cr whatever. 

Blood Picture. The greatest degree of variation is 
found in the blood picture associated with these 
disorders. There may be no changes whatever. On 
the other hand, there may be profound anemia as 
well as striking changes in the leukocytes and 
platelets. In Hodgkin’s disease, changes in the blood 
occur relatively early. The anemia in Hodgkin’s 
disease is usually only moderate in degree and 
noimocj'Uc in type; veiy occasionally, hemolytic 
anemia develops. Tlie total leukocj'te count in 
Hodgkin’s disease may be slightly or moderately 
increased, it may be norm.il, or there may be leu- 
kopenia. Sometimes the leukocvte count may ex- 
ce^ 23,000 per cu mm. The differential count may 
show neutrophilia, relative and absol ' 'lo- 
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cAlopenia, monocjtosis, or cosinopliiha. All these 
chances may be present at the same time, or none 
of them. Eostnophilia, \vhich Is mcnlionecl fre- 
quently as characteristic of Hodgkin’s disease and 
svhich may sometimes be s’ery pronounced, is found 
only in al^ut 20 per cent of cases. An absolute in- 
crease in the number of lymphocytes suggests some 
disease other tlian Hodgkin’s. Neutropenia suggests 
extensive bone marrow or splenic involvement. 

Tlic leukocyte picture in Uic other forms of dis- 
ease chicQy affecting lymph nodes is more fre- 
quently normal than in Hodgkin’s disease. Relative 
and even absolute Ijmphocytosis may be seen. The 
l>Tnplioc)-tcs may be of normal tj-pes, but unusual 
forms and “himor cells” (p. 1330) have been de- 
scribed. Monocytes may bo increased in number 
and joung forms may be seen, but a consistent and 
characteristic picture has not been described. 

The platelet count may be increased in Hodg- 
kin’s disease, and large, bizarre forms may be seen. 
It IS more common, however, to find the platelet 
count normal. In some instances thromboc)'lopcnia 
is present; Uiis usu-ally occurs when leukopenia is 
found as well- The presence of thrombocytopenia 
suggests extensive bone marrovv or splenic Involve- 
ment and is usually, although not necessarily, a 
grave sign. 

JJone Marrow Pieturc. As would be expected 
from this description of the blood findings, changes 
in the bone manow are not characteristic and are 
seldom helpful except in rare cases of so-called 
"Ixinc marrow Hodgkin’s,” in which there Is exten- 
sive involvement of the bone marrow. Recd-Slem- 
licrg cells liave been demonstrated in the bone 
marrow in a few cases of Hodgkin’s dise.xse. Lym- 
phocytosis may be found in the bone marrow in 
some cases of lymphosarcoma and of giant follicu- 
lar lymphoma. Su^ cases raise serious doubt as to 
whcUicr there is any true difference between them 
and chronic lymphocytic leukemia. 

Diagnosis. Tlie differential diagnosis of lymph 
node enlargement was discussed in an earlier chap- 
ter (p. 231). Cases in which there Is httlc or no 
enlargement of the superficial lymph nodes present 
the most difficult problem in dwgnosis, for then a 
variety' of infl.ammaloiy and neoplastic disorders of 
the mediastinum, lungs, g.istrointestinal tract, or 
liver must be ctinsidcred, and the possible presence 
of chronic Infections such as brtieellosis must be 
ruled out. Hodgkin’s disease, in particular, may 
produce such vaned manifestations that this dis- 
onlcr must lie kept in mind almost whenever diag- 
nosis IS obscure. This disease is paiticubrly sug- 
gested by such symptoms as relapsing fever, loss of 
weight, and splenic or hepatic enlargement, to- 
g( ther with .mcmia ami Icukocy tosb or leukopenia. 

Treatment. Surgical excision, irradiation, and 
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chcmodierapy all have tlieir place in the treatment 
of these disorders. Surgery is useful when the con- 
dition is definitely localized, irradiation is effective 
in the treatment of local manifestations and when 
the disc.nse is generalized, and chemotherapy is 
particularly indicated when the disorder is wide- 
spread. Sometimes all Uiree forms of therapy ciin 
be employed, and frequently there arc advantages 
in using both irradiation and chemollierapy. 

Since these conditions, in many instances, appear 
to arise locally and only disseminate later, surgi(ol 
exdshn should be an excellent form of therapy'- 
Unfortunately, correct diagnosis is not often made 
early. Furthermore, in many instances in which the 
disease seems to be local, dissemination has already 
occurred or has been present from the beginning- 
Nevertheless, this form of therapy, when appropd- 
afely applied, oilers the only chance of cure. Sur- 
gical excision, if undertaken, must be radical arid 
should be followed by irradiation or chemotherapy 
or both. Surgery, in the form of splenectomy, should 
also be considered when signs of “hypersplenisni ” 
are present: severe anemia with shortened life spa" 
of transfused red corpuscles, leukopenia, and throrO- 
bocytopenia. 

Roentgen rays represent the preferred method of 
irradiation, apparently being somewhat superior (o 
the use of radioactive phosphorus and more effec- 
tive than radium. Generally speaking, segmental 0^ 
localized irradiation Is used rather than total irra- 
diation. except when generalization has taken place- 
Various areas are treated in succession. The deci- 
sion as to dosage is the problem of the radiothera- 
pist. The total amount depends on the response flf 
the lesions to therapy, the general effects on the 
patient, and the effect on the blood. The effect of 
irradiation may be dramatic, large masses melting 
away in the course of a week. Pressure symptom^ 
may disappear; fever and pruritus, if present, may 
be relieved; and pain caused fay bone involvement 
may be alleviated. Pulmonary lesions may decrca.sfi 
in size and pleural effusions may clear. Anemia may 
disappear and the leukocyte count, if elevated, may 
drop to normal. In oilier cases, irradiation is les* 
effective, in some instances being of scarcely nnV 
benefit. Prediction in advance as to the likelihootl 
of benefit from therapy is often difficult. In gen- 
eral, the more chronic and slowly growing forms 
respond best to therapy. Remission following treat- 
menl may h-ist but a few weeks or m.iy persist i» 
year or longer. In some cases such improvement 
can be reproduced many tunes by additional ihcr- 
opy. 

The action of nitrogen mustard in these disorder^ 
IS similar to that of irradiation, but in cerMin c.isc^ 
of Hodgkin’s disease this drug seems to be more 
effective tlian irradiation. It has been found that 
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in some cases previously given roentgen therapy 
and no longer responding to such treatment, nitro- 
gen mustard therapy has been distinctly beneficial. 
Other cases treated with nitrogen mustard from the 
beginning have responded well and, in general, in 
a manner similar to that already described under 
roentgen therapy. Fever often disappears promptly, 
and anemia, if present, also is alleviated. Abnor- 
malities in the leukocy'tes may revert toward nor- 
mal although the immediate effect, noticeable 
within 5 to 14 days following the first dose of ni- 
trogen mustard, may be leukopenia and an increase 
of anemia. Thrombocytopenia, if present at the 
initiation of therapy, is less likely to be reUeved by 
treatment. 

Kitrogen mustard Imethyl-bis (/3-chloroelhyl)- 
amine hydrochloride, HN2] is given intravenously 
in doses ranging from 0.1 to 0.3 mg per kg body 
weight per injection each day. As much as 0.8 mg 
per kg has been given in a course of therapy, but 
the usual amount is 0.4 to O.G mg. The drug is 
available in vials containing 10 mg. To prevent 
thrombosis, an intravenous infusion of normal sa- 
line solution is first introduced, and when this is 
flowing freely, 10 ml saline solution is added to the 
vial containing the mustard. The drug dissolves 
readily. The appropriate dose is then withdrawn 
and injected throu^ the rubber tubing of the sa- 
line infusion. Nausea and even vomiting may fol- 
low several hours after injection of the drug, but 
are usually of shorter duration, even though some- 
times more intense, than in inadiation sickness. 
The nausea and vomiting can be allayed or pre- 
vented by giving chlorpromazine in three 20- to 
30-mg doses, b and 4 m before and at time of 
the injection. 

The discovery of other chemotherapeutic agents 
has reduced the comparative importance of nitro- 
gen mustard m the treatment of the various forms 
of leukemia and the lymphomas, with the excep- 
tion of Hodgkins disease. Triethylenemelamine (p. 
1333) appeared at first to be very promising be- 
cause it has the advantages, as compared with ni- 
trogen mustard, that it can be given by mouth and 
produces little or no nausea and vomiting In 
Hodgkin’s disease 10 to 15 mg may be given in a 
course, and maintenance doses of 5 to 10 mg per 
month h.ave been employed. Lymphosarcoma, like 
chronic lymphocytic leukemia, is more sensiUve, 
and 2 to 5 mg may produce an effect. Other lymph 
node disorders may require amounts intermediate 
between these quantities. However, the potential 
hematopoietic depressant action limits its useful- 
ness. 

Chlorambucil, an aromatic mustard which can 
be taken fay mouth, has proved to be useful in the 
treatment of these disorders because its absorption 
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is more consistent than that of TEM and the effect 
on the bone marrow is more easily controlled. Since 
its action is slow, beneficial effects not appearing 
before 3 weeks as a rule, chlorambucil is especially 
useful when remission following nitrogen mustard 
therapy is short-lived and maintenance therapy is 
required or when intravenous therapy is not prac- 
ticable. The usual dose is 0.1 mg per kg body 
weight per day, but in Hodgkin’s disease, larger 
doses may be tolerated. As with other agents of 
potential hematopoietic toxicit)’, measurements of 
hemoglobin, leukocytes, and platelets should be 
made at regular intervals to avoid serious hemato- 
poietic depression. 

Urethan, busuJfan, and the folic acid antagonists 
offer little or nothing in the treatment of the lymph 
node disorders under discussion, and the steroid 
hormones are only occasionally and transiently use- 
ful. The effects of irradiation and various chemo- 
therapeutic agents are compared in Table 241-1 (p. 
1333). 

In addition to these measures, genera! supportive 
and symptomatic therapy will be required ifl indi- 
vidual cases. 

Prognosis. The most important factor wliich 
seems to determine the course of these disorders 
is their inherent character. Cases of Hodgkin’s dis- 
ease and of lymphosarcoma are known to have run 
a chronic course for many years. In other instances 
the course is rapid and progression occurs m sp>te 
of therapy. In general, cases with the most favor- 
able outlook are those in which only one accessible 
lymph node group is affected and where evidences 
of systemic involvement such as fever, loss of 
weight, increased sedimentation rate, and changes 
in the blood are lacking. In the last analysis, a 
therapeutic trial should be attempted, for a pro- 
longed remission may sometimes be encountered 
even in cases in which the general examination 
suggests a hopeless prognosis. 
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C)AA MULTIPLE MYELOMA, 

CRYOGLOBULINEMIA, AND 
MACROGLOBULLNEMIA 
M. Winlrobe 

MULTIPLE MITILOMA 

Definition. Multiple m}e]oma is diaracCemcd by 
llie development of multiple tumors of bone which 
produce pain, pathologic fractures, nnd anemia. 
Tliere may be diffuse involvement of the bone 
marrow, and in the urine or blood a peculiar pro- 
tein is usually found. Rarely, a localized tumor is 
the only manifestation. Tumors composed of other 
t)pes of cells have been described, but the evi- 
dence is all in favtir of a single type (“myeloma“ 
or plasma cell). 

Etiology. The disease oppe-ors most commonly 
after the age of forty and is twice as frequent m 
males as in females. Tlie cause is unknouTi. The 
true nature of the peculiar protein is not clear. It 
is presumed that the myeloma cell t$ responsible for 
the protein anomalies of multiple myeloma. Tliis 
cell has the cytochcmlcal characteristics of an in- 
tensely protein-producing cell, as judged by ultra- 
violet microscopy. Protein «nth ultracentrifugal and 
electrophoretic properties similar to those of the 
abnormal components present in the plasma in this 
disease has been extracted from myeloma tumor 
tissue. Myeloma proteins of various electrophoretic 
mobilities appear to be related to one another but 
are not identical; they differ from those of normal 
scrum. Thus the myeloma globulins were found to 
lack antigenic determinants that are present in the 
y-globulms of normal serum. Likewise mvcsligation 
of ammo acid composition, of N-terminal groups, 
and of the peptides derived by tryptic hydrolysis 
has provided evidence that tJie himor pr^uccs a 
new f\pe of globulin that differs structurally from 
normal yglabulm. The urinary Bence-Jones pro- 
teins are not derived by renal cleavage of the 
myeloma globulins but, in fact, may be their pre- 
cursors. The param)loidosis (see below) has been 
attnbuted to the production of proteins of such low 
molecular weight that they are capable of diffusing 
through the capillary beds of many, if not all, tis- 
sues. IVhcn these proteins find complcn)ent.ary 
polj-saccharides whidi they can bind, insoluble 
complexes are formed and the proteins remain. 

S>niptoins. Pain is the most frequent complaint 
and is produced by the tumors which, according 
to their location, may or may not be discox’crablc 
on ph)sical examination. The tumors range from 
the size of a pea to that of a hazelnut. Th<y are 
confined, for tlie most part, to Uie sites of the red 
marrow: the ribs, sternum, spine, clavitles, skull, 
or the extremities about the shoulder or pelvic 
. girdle. Roentgenograms reveal discrete, punched- 
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out lesions and pathologic fractures. However, Jn 
13 per cent of cases, or more, no significant osseous 
lesions are found, or only diffuse osteoporosis may 
be seen. Paraplegia due to compression of the 
spina! cord is the most common symptom referable 
to the nervous sj-stem, but intercostal neuralgia, 
radiculitis, diplopia, anisocoria and Liiling vision, or 
neuropathy from direct infiltration of nerve roots 
and peripheral nerves may occur. Anemia, abnormal 
bleeding, or symptoms suggesting nephritis some- 
times dominate the clinical picture. Recurrent 
bouts of bacterial pneumonia are common. Extra- 
osseous involvement of lymph nodes, spleen, tonsils, 
liver, and other tissues has been described. 

Laboratory Findings. Anemia is moderate in 
degree, as a rule, and normocytic, but sometimes it 
is severe and macrocytic. Enumeration of the 
cells may be diCIciiIt because of clumping, a 
peculiarity often related to the great quantity of 
globulin in the plasma. In blood smears there may 
be a marked tendency to rouleaux formation. Poly- 
chromatophilia, slipplmg, and even normoblasts 
may be found in the blood smear. Tlie leulocvic 
count may be normal, slightly increased, or low. 
Myeloma cells like those seen in the bone marrow 
may be found. The platelet count Is usually normal. 

UyperpTotcinemla may be present (50 to 65 per 
cent of cases) . and sometimes extremely high v alues 
are found. The increase is doe to the globulin frac- 
tion. Sometimes the protein precipitates or coagu- 
lates spontaneously when the plasma Is exposed to 
low temperatures (cryoglobulin, see below). Its 
presence may be associated with a variety of symp- 
toms, especially those suggesting the Raynaud 
syndroTne. Detailed studies liave revealed that the 
predominant type of protein diffen from one case 
to another. In the majority of cases, y-globulin is 
increased; Jn otJiers it is /9-gJobuJiii, and in the 
minority the substance Is an «-globulin. Tlie diag- 
nostic patterns in multiple myeloma as measured by 
tlie Tiselius electrophoretic technique are charac- 
terized by tall, narrow’, sharply defined peaks owing 
to the presence of large amounts of a relatively 
homogeneous abnormal protein (Fig. 241-1 B and 
D). 

\Vhen the urine is heated, a white cloudy pre- 
cipitate appears at temperatures of 50 to 60®C, 
but when tlie temperature is raised to near the 
boiling point the precipitate rcdissolves. Such 
Bence-Jones protein has been observed in 40 to 50 
per cent of cases. As judged by various physico- 
chemical determinations, Benec-Jones proteins arc 
related neither to normal serum proteins nor to 
the abnormal serum proteins. As judged by sero- 
logic reactions, however, tlicy appear to be related 
to norma] scrum proteins Bence-Jones protein can 
be svTilhesized readily from free ammo acids rather 
than from tissue protein precursors. There is evi- 
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Fic. 244-1. Descending patterns (after 250 min) of pooled normal serum (A), and serum from hvo patients uitli 
multiple myeloma (B and 0) and one patient Nvith mactoglobuiinemia (C), determined by electrophoretic analy- 
sis at I'C In 0.1 Ionic strength. Veronal buffer at pH 8.4 to 85 Note the large Y-globulin component {ft) In (B) 
and the B-globuIins In (D), as well as the ■y-globulin ( 71 ) in the case of macroglobullnemia (C). TJje very nar- 
row Pi peaks in (A) and (B) are anomalies, probably due to lipoproteins, and are not unusual in serums from 
nonfasting subjects. (Courtesy, Drs. £mil L. Smith and B. V. Joger and Mr. Douglas M. Brown.) 


dence that myeloma serum globulins may be conju- 
gated glycoproteins containing a significant quantity 
of carbohydrate bound to the protein component. 
In contrast, the urine myeloma proteins seem to be 
devoid of any significant carbohydrate component 

In addition to tlie hyperproteinemia and the 
Bence-Jones proteinuria, a third form of protein 
abnormality may be obser\'ed in multiple myeloma. 
This is the deposition of a peculiar protein in the 
tissues, producing a^*pical amyloidosis or para- 
myloidosis. This has been observed upon histologic 
e.xamination in 6 to 10 per cent of cases of multiple 
myeloma. 

Not infrequently, certain chemical changes are 
found in the blood. Hijpercalcemia has been ob- 
served in 20 to 53 per cent of cases, .values of 12 
to 16 rog per 100 ml being not unusual. With 
progression of the disease the hypercalcemia may 
increase. The high serum calcium Ie\els have been 
attributed to the resorption of bone which takes 
place, but they are further increased by secondary 
hyperplasia of the parathjToids caused by renal 
impairment. As a rule, the hypercalcemia is not 
accompanied by a decrease in the inorg-inic serum 
phosphorus or by much increase in alkaline phos- 
phatase. thus differing from the changes found in 
primary hyperparathj'Toidism. 


The serum uric acid concentration is not infre- 
quently increased, and nitrogen retention has been 
noted in many cases. Both these changes can be 
asenbed to the renal damage associated wth the 
deposits of Bence-Jones protein which are found 
not only in the distal tubules but in the entire 
nephron up to the proximal convoluted tubules. The 
resulting distention and obstruction to renal flow 
lead to glomerular atropliy and ultimate renal fail- 
ure (“myeloma kidney’). It is thus not unusual in 
multiple myeloma to find albumin, casts, and renal 
epithelial rslls in the urine, and evidence of renal 
functional impairment as w’ell as nitrogen retention 
often develop. 

The bone marrow frequently contains the tumor 
cells, although their number may range from 3 to 
96 per cent The myeloma cell is moderately large 
(15 to 30 p), and round or ovoid, and contains n 
round, eccentrically placed nucleus which m.iy 
contain one or two nucleoli, The chromatin is 
moderately coarse. The cytoplasm is brigljt blue. 
Attempts have been made to classify myeloma cells 
according to their maturity and to establish some 
correlation to the clinical manifestations of the 
disease. Some tendency for patients with the more 
mature cell types to live longer and for those w’itli 
greater percentages of immature cells to manifest 
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renal invoUcmcnl has been obser\’e<3, but extreme 
variations have been encountered in indixidual 
eases, and no consistent correlation between cell 
1)^0 and extent of bone involvement, hyperglob- 
ulinemia, Bence-Jones proteinuria, or the elec- 
trophoretic distribution of the various globuhn 
fractions has been established. 

Diagnosis. Tire multiple bone lesions, the excre- 
tion of Bence-Jones protein, the hjperproteincmia, 
and the characteristic cells in the bone marrow fonn 
a combination of findings which makes the diagno- 
sis evident. Difiicult)’ arises when back pain, ob- 
scure anemia, or some complaint of nonspecific 
character has failed to suggest this disease and the 
appropriate examinations have not been made; or 
when extraosseous tumors exist. SametJmes the 
picture may closely simulate hyperparathyroidism 
(see p. COl). Paper electrophoresis of serum and 
urine now provides a means for the ready detec- 
tion of the protein abnormalities characteristic of 
multiple myeloma. \\’hcn both serum and urine 
have been examined, a significant abnormality lias 
been delected in 07 per cent of cases. The distmc- 
live feature is the tall, narrow, sharply defined peak 
due to the presence of large amounts of a rclatixely 
homogeneous abnormal protein. 

Prognosis and Treatment. The prognosis is un- 
favorable. The average duration is 2 to 3 years. 
Great variations occur, however, and some patients 
live for many years. Local irraduxtion is often help- 
ful and may be strikingly so if there is a single bone 
lesion. The effects of Irradiation on myeloma are 
rather unpredictable, however. Urelhan is perhaps 
the best therapeutic agent currently available but 
even Its value is limited. Altliough subjective im- 
provement IS associated w’lth its admmistration in 
about half the cases, abjective improvement has 
been obscrv cd in only about 20 per cent. To achieve 
any benefit, doses of 2 to 5 Cm daily have to be 
given for periods of 6 to 10 weeks. With these 
doses nausea and vomiting may develop and may 
necessitate vvithholdmg tive dnig. Other chemo- 
therapeutic agents, including stilbamidine, nitrogen 
mustard, and trielhylcne melamine, are of even less 
value. The steroid liormones may somethnes be 
helpful but often have been disappointing. 

CRYOGLOBULINEMIA AND 
MACROGLOBULINE.MIA 

History, Definitions, and Clinical Syndromes. Al- 
though multiple myeloma and Bence-Jones protein- 
uria were recognized in 1845, the presence of a 
cold-prccipitablc protein in the scrum of a patient 
with this disease (cri/oglobM/in) was not desenbed 
until almost a century later (Wintrobo and Buell, 
1933). Afflcrogiobulinj, high molecular weight pro- 
teins demonstrahio only by ultraccntrlfugation, and 
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a syndrome associated with macroglobulinemia 
were described in 1944 (Waldenstrom) . Since that 
time, with tlie exploitation of electrophoretic, ultra' 
centrifuge, and serologic techniques, considerable 
attention has been attracted to the occunence of 
aberrations in protein metabolism in association 
with various diseases and. sometimes, in die absence 
of any associated disorder. In some instances it ap- 
pears that the unusual findings represent only in- 
creases of normally occurring protein molecules 
(dysproteincmlas. Chap. 89), whereas other studies 
suggest that they denote aberrant protein synthesis 
(paraproteinemia) . 

Cryoglobulinemia of minor degree (less than 25 
mg per 100 ml) may be encountered in a large 
variety of disorders, mcluding systemic lupus ery- 
thematosus, rheumatoid arthritis, periarteritis no- 
dosa, chronic lymphocytic leukemia, lymphosar- 
coma. polycythemia rubra vera, kala-azar, subacute 
bacterial endocarditis, coronary artery disease, 
hepatic cirrhosis, and numerous other diseases. 
Rarely, the cold-precipitable protein is present in 
large amounts and is associated with atypical Ray- 
naud phenomena, purpura, bleeding from nose and 
mouth, retinal hemorrhages, cold sensitivity, cyano- 
sis, mottling, ond even gangrene of the lower ex- 
tremities. Multiple arterial and venous occlusions 
may occur. Rouleaux formation, pseiidoagglutina- 
tion of the red cells, and an elevated er)^roeyte 
sedimentation rate are likely to be found as well. In 
most instances of tliis sort, multiple myeloma has 
been demonstroted and, rarely, otlier disorders, 
such as chronic Iymphoc)’lic leukemia. In a few 
instances no underlying disease entity could be 
demonstrated (esscnfiar crt/ogfobu/inemfo). 

The concentration of cryoglobulin in plasma or 
serum has ranged from trace amounts to 10 Cm 
per 100 ml. The amount may vary over the course 
of the illness in the same patient. The minimum 
concentration of cr^'oproteins required for massive 
reversible precipitation is about 1 Gm per 100 ml 
Tlie precipitation of the plasma protein is due to its 
decreased solubility in the blood and can be demon- 
strated in vitro. The most commonly occurring 
cryoglobulins have been found in the gamma fac- 
tion, but globulins in the alpha fraction, in the lieta 
fraction, and between the beta and gamma peaks 
have also shown this property. Molecular weights 
have ranged from 165,000 to 600,000. 

Macroglobulinemia is delectable with certaint)' 
only by ultraccnlrifugal analysis. The molecular 
weight of the macroglobulins is greater than 1 mil- 
lion. Trace amounts of macroglobulins are present 
in normal scrums The term macroglobulinemia is 
applied to serums containing more than 5 to 10 per 
cent of components sedimenting with a Svedberg 
constant greater than 15. Pathologic macroglobulin 
molecules have tho electrophoretic mobility of 
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or y-globulins or are intermediate behveen these 
two. OccasionaUy an abnormal plasma protein may 
be both a cryoglobulin and a macroglobulin. 

Macroglobulinemia has been observed in neo- 
plastic diseases, collagen disorders, chronic infec- 
tions, amyloidosis, and cirrhosis. Serums of multiple 
myeloma have seldom been repotted to show ab- 
normal high molecular weight components. In the 
syndrome described by Waldenstrom, primanj 
macTOglobulinemia, in contrast to multiple mye- 
loma, focal bone lesions are not found, there being 
at most a diffuse osteoporosis, but slight to moderate 
lymphadenopalhy and hepatosplenomegaly are 
characteristically encountered. Bone pain is con- 
spicuously absent. In clinical features, primary 
macroglobuL'nemia thus resembles lymphosarcoma 
rather than multiple myeloma. Symptoms and signs 
of vague ill health, some weight loss, lassitude, 
dyspnea, and recurrent infecHoos are common, as 
well as pallor and edema. Sjogren’s syndrome (dry- 
ness of mucous membranes in eye, nose, mouth, and 
vagina) has been described In association with 
macroglobulinemia. Epistaxis and mucosal bleeding 
are frequent. Anemia, usually normocytic. Is pres- 
ent; leukopenia, relative lymphocytosis, sometimes 
eosinophilia or monocytosis, as well as thrombocy- 
topenia, hemolytic anemia, and pancytopenia have 
been observed. Bence-Jones proteinuria and para- 
myloidosis such as are seen in multiple myeloma 
have been reported. The bone marrow characteris- 
tically shows large numben (40 to 80 per cent) of 
small, atypical "lymphocytic" cells with proto- 
plasmic shedding and "naked nuclei.” The erjihro- 
cyte sedimentation rate is markedly elevated. Bleed- 
ing time, coagulation time, and prothrombin time 
may be prolonged, and prothrombin consumption 
may be impaired. On paper electrophoresis, a sym- 
metric gradient svith a narrow, sharp, and high 
peak in the globulin fraction is found, most often in 
the y position. In the latter instances the Sia or 
water test (see below) is posibve. 

Pathology and Falhogenests. In the secondary 
forms of dysproteinemia and paraproteinemia the 
pathologic findings are those of die underlying dis- 
order. In the “primary” disorders no specdlc changes 
have been noted except for the signs of reticuloen- 
dothelial hyperplasia and the bone marrow and 
lymph node infiltration with small atypical lympho- 
cytes which have been observed in primary macro- 
globulinemia. When cryoglobulinemia has been 
present, pulmonary arteriolar obstruction has been 
described, as well as vascular occlusion elsewhere 
(kidneys, etc.). Symptoms associated with cryoglob- 
ulinemia have been attributed to precipitation of 
cryoprotein in peripheral blood vessels as well as to 
cold agglutination of red cells by this protein in 
vivo. The bleeding tendency has been albibuled to 
intravascular precipitations uith secondary capil- 
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lary damage and, in some cases, to defects in plate- 
let function. 

No uniformity in the physicochemical charac- 
teristics of macroglobulins has been demonstrated. 
hfacroglobuIiD peaks in the electrophoretic diagram 
are sharp and cannot be differentiated from mye- 
loma proteins (Fig. 244-l,C). Mactoglobulins fre- 
quently sediment in the ultracentrifuge as multiple 
components. Studies of their amino acid composi- 
tion have shown variations from patient to patient. 
It is uncertain from immunologic studies whether 
the macroglobulins and cryoglobulins represent in- 
creases of normally occurring protein molecules or 
denote aberrant protein synthesis. 

Plasma cells are thought to be the source of 
cryoglobulins and atypical lymphocytic cells the 
source of macroglobulins, but more primitive or 
more malignant precursors of these cell types are 
also thought to produce these unusual plasma 
proteins. 

Diagnosis. Hyperproteinemia is found in most 
cases and is generally attributable to a great in- 
crease of globulin, usually y-globulm. In most in- 
stances the globulin fraction amounts to 4 to 8 Cm 
per cent. The Sia test, which involves mixture of 
the patient's blood rvith distilled \vater and observa- 
tion of the formation of a precipitate when positive, 
has not been found to be a reliable screening test 
for macroglobulinemia. The electrophoretic pattern 
of severe macroglobulinemia is indistinguishable 
from that of multiple myeloma. Irrrmunologic diag- 
nosis with antimacroglobulin scrum has been suc- 
cessful in most cases studied, but ultracentrifugation 
should be carried out in suspected cases since it 
yields the critical evidence. 

The diagnosis of cryoglobulinemia offers no par- 
ticular difficulty, but since cryoglobulins have a 
wide thermal amplitude, blood for these studies 
should be drawn into warm syringes and separation 
of serum or plasma carried out at 37"C. Cold pre- 
cipitation reversible on warming is characteristic 
The differential diagnosis of cr)'oglobulinemia 
should include consideration of cryofibrinogens 
and cold agglutinins. 

Macroglobulinemia should be distinguished from 
purpura hyperglobuUnemica, characterized by de- 
pendent purpura and hypergammaglobulinemi.i. 
The characteristic electrophoretic y-globulin peak 
in this syndrome is a broad hump, in contrast to the 
sharp peak of macroglobulinemia. 

Prognosis and Treatment. The prognosis in the 
secondary forms depends upon the nature of the 
underlying disease process. The primary disorders 
are compatible with survival for se^•CTal years. If 
death occurs it is usually due to severe anemia, 
complicating infections, or the hemorrhagic diathe- 
sis. ACTH or adrenocorticosteroid therapy has 
sometimes seemed to be helpful. 
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Section 2: The Cardiovascular System 

A. DISEASES OF THE VASCULAR SYSTEM 


OAK HYPERTENSIVE 

VASCULAR DISEASE 

John P, Merrill 

Arterial hypertension in man may be arbitrarily 
divided Into ^vo categories: pulmonary hyperien* 
slon and systemic hypertension (Table 245-1). The 
more important problems related to pulmonary hy- 
pertension are considered in Chap. 262. 

Systemic hypertension is the manifestation of an 
abnormal state of Uie circulation, just as fever is 
a sign of altered temperature regulation. The word 
fuji srtciision in itself implies nothing as to the asso- 
ciated prognosis or organic vascular or renal disease. 
Indeed, the role of elevated blood pressure In the 
production of aggravation of vascular disease is a 
disputed but important association which will be 
discussed separately. As a clinical pherwmciton, 
h}'pertension may be diagnosed if on repeated ex- 
aminations the blood pressure is found to be above 
that considered normal for adolescents of similar 
racial and environmental background. In Nortli 
American adults, 140/90 may be regarded as ab- 
normally high arterial pressure; for coolies in 
Peiping, 125/80 might have a similar signiiicance. 

It is now apparent that the hj'pertensive syn- 
drome has no single clcar-cut etiology. Many fac- 
tors are involved, some of which may be thought 
of as mere exaggerations of the physiologic mec^- 
nisms by which normal arterial pressure is main- 
tained. Others are obviously abnormal in the sense 
that they play little or no role in normal circulatory 
regulation and are prominent only in disease states. 
Any or all of these factors may be involved in any 
given case of hypertension. It is not surprismg, 
therefore, that in spite of a vast amount of interest 
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and work no single therapeutic agent for the treat- 
ment of hypertension has come to light. The physi- 
dan or student who undertakes to study or treat 
hypertension must seek to understand the variout 
meclianisms which may be involved when he af' 
tempts to evaluate their importance in the indi- 
vidual problem. 


FACTORS DETERMINING 
BLOOD PRESSURE 

Blood flow through tlie normal vascular bed may 
be thought of as a system in which pulsatile flo"' 
occurs in a series of elasbc tubes. The larger tubes, 
represented by the arteries, gradually decrease in 
caliber through the arterioles to the capillaries and 
similarly decrease the magnitude of each pulsation 
until in the capillaries the flow becomes steady. In 
this system the pulsating force is provided by the 
contraction of the left ventricle, the elasticity by 
the walls of the arteries, and the major portion of 
the resistance to flow by the artenolar bed. The 
pressure produced at the peak of ventricular con- 
traction in this elastic system is represented by the 
sy'stolic blood pressure, and the tot.il resting re- 
sistance of tile system in ventricular diastole by 
the diastolic pressure. The difference between these 
two values is the pulse pressure. The mean arterial 
pressure is usually tliought of as one-half the sutn 
of the systolic and diastole pressures. However, 
the true mean pressure, which is the average pres- 
sure throughout the cardiac cycle, is not faithfully 
reflected by this value, since the fall in pressure 
from the systolic to tlie diastolic level is not a 
dcclme over a steady slope. In measuring the ar* 
terial blood pressure, the observer is assessing a 
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TaUe 245-1. ciASsincATiON or htpertejisiqk 

I. Pulmonary hypertension 
II. Systemic hypertension 

A, Systolic hypertension only 

1. Increased strolce volume 

a. Thyrotoxicosia 

b. Anemia 

c. Heart block 

<?. Arteriovenous fistula 
e. Psychogenic 

2. Rigidity of the aorta 

a. Arteriosclerosis 

B. Combined systolic and diastolic hypertenaon* 

1. Renal 

o. Pyclonephritia 
b Glomerulonephritis 

c. Congenital lesions 

d. Obstructive lesions 

e. Renal vascular occlusion 

2. Endocrine 

a. Acromegaly 

b. Adrenal cortical hyperfunction 
(1) Aldosteronism 

Q) Gushing'a ayndroran 

c. Pheochromocytoraa 

3. Neurogenic 

0 . Brain tumor (rapidly expanding) 

b. Cerebrovascular accidents 

c. "Diencephalic syndrome” 

d. Poliomyelitis 

e. Psychogenic 

4. Unknown etiology 

a Essential hypertension (benign) 
b. Eclampsia 

5. Miscellaneous 

a. Coarctation of the aorta 
h. Increased intravascular volume 

•Any of the conditions associated nith diastolic hy- 
pertension may become rapidly progressive (rDalignant). 

value which is determined by a number of factors 
not ordinarily measured directly. 

We may consider diese factors in order: 

1. Since increasing resistance to flow is developed 
by increasing viscosity, blood viscosity is one factor 
altering blood pressure. Blood viscosity is influenced 
chieBy by the concentration of the plasma proteins 
and of the white and red corpuscles suspended in 
it. Marked polycythemia may thus give rise to 
hypertension both by reason of increased blood 
viscosity and by the increased whole blood vol- 
ume. 

2. The amount of whole blood or plasma in the 
inlracasctilar compartment contributes also to the 
arterial pressure. Since the intravascular fluid except 
for the blood proteins is continuous across the 
capillary walls with extracellular fluid in general, 
the X’olume of tliis latter compartment also con- 
tributes to arterial blood pressure. Thus severe de- 
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pletton of either or both compartments by bleeding 
or acute dehydration will produce hj’potension; in- 
crease of the volume of either may result in hyper- 
tension. An increase in intravascular volume alone, 
however, may give rise to an increase in neither 
blood pressure nor cardiac output if the ability of 
the autonomic nervous system to prevent sucli 
change is not exceeded. Failure of the cardiac out- 
put to respond to increased intravascular volume 
may also prevent increase in blood pressure. Pos- 
sibly for this reason patients with cyanosis and 
congenital heart disease who have increased blood 
volumes fail to show hypertension as do many pa- 
tients with other forms of heart failure who have an 
increase in blood volume but no increase in blood 
pressure. Thus modification of one of the factors by 
another or all of the others may influence the altera- 
tion in blood pressure. 

3. In a sense, the rebound of the elastic arterial 
walls in ventricular diastole serves to maintain the 
propelling force of the blood in the interval between 
tystobc contractions. It thus serv'es, together with 
the peripheral resistance to flow in the arteriolar 
bed, to maintain the resting or diastolic pressure 
in the vascular system. The effect of decreasing 
elasticity of the large vessel walls may be seen 
particularly in the elderly arteriosclerotic patient 
Here, failure of the rigid vessel wall to distend 
\vith the systolic thrust of the heart results in a 
sudden increase in pressure in the system, produc- 
ing a high systolic pressure. Simtlarly, lack of elastic 
"recoil” results in a rapid drop of pressure in di- 
astole, and this failure to maintain the resting pres- 
sure in the vascular bed may be recorded as a low 
diastolic pressure. 

4. An increase m cardiac output, such as is medi- 
ated through exercise, fever, or thyrotoxicosis, may 
cause increases in blood pressure by increasing tlie 
amount of blood pumped into the vascular system 
per unit of time. Since the effect is primarily a 
result of the ventricular contraction, the predomi- 
nant effect upon blood pressure is an increase of 
the systolic phase. As a clinical phenomenon, this 
has much less significance for the hypertensive 
tyndrome than does elevation of the diastolic blood 
pressure. Decrease in cardiac output secondary to 
severe myocardial damage results in hypotension. 
If compensatory' vasoconstricbon occurs, the dias- 
tolic pressure may be relatively well maintained, 
and the hypotension is characterized by a low sys- 
tolic and a narrow pulse pressure. 

5. Ibe single most important factor in the pro- 
duction of the type of arterial hypertension ^v^lh 
which the physician is usually concerned is an 
increase in peripheral resistance. The greatest part 
of this increase is contributed by the arteriolar seg- 
ments. Relatively small changes in caliber cause 
marked changes in resistance, which varies inversely 
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as the fourth power of the radius of the lumen. 
Thus a decrease of 10 per cent in the average 
arteriolar lumen will lead to a rise of 30 per cent 
in mean arteriolar resistance. The diastolic pressure, 
which represents the residual resistance in the pe- 
ripheral vascular bed after systole, more closely re- 
flects the factor of peripheral resistance. As reflect- 
ing this factor, elevation of the diastolic pressure is 
of crucial importance in the syndrome concerned in 
a study of hypertension in man, though systolic 
h)pertcnsion alone, which may result from several 
causes of increased stroke volume, may have little 
bearing in itself. Decrease in arteriolar tone second- 
ary to toxins, nervous influence, or drugs results In 
increase in caliber and may produce fii/potension. 

Alterations in blood pressure, in cither direction, 
produced by changes In any of the five factors 
pievnously mentioned arc modified hy reflex arcs 
of the autonomic nervous system. Through vaso- 
constrictor or vasodilator fibers, these arcs change 
arteriolar tone and lumen following appropriate 
stimulation of receptors on the afferent side of the 
are. Similar reflex arcs modify the cardiac output. 
Medullary centers exist for control of cardiac rate 
as well as for vasoconstrictor and vasodilator effects. 
These medullary centers in turn may be influenced 
by higher vasomotor centers situated in the hypo- 
thalamus and possibly even in the cerebral cortex. 
Stimulation of vagal aEerent fibers located in the 
aortic arch and the heart may result in alteration in 
cabber of the blood vessels through impulses 
transmitted via these vasomotor centers over ef- 
ferent fibers to the vasculature. A rise in blood 
pressure, by stretching special proprioceptors in 
the aortic wall, is thought to be the stimulus for 
the resultant depressor response. Similar receptors 
arc located in the carotid sinus. Stimulation of 
these by increase in pressure may lead to vasodilator 
responses, whereas decrease in pressure may pro- 
duce a vasoconstrictor reflex through the afferent 
limb of the reflex arc. The sinus and aortic nerves 
are the so-called "buffer nerves" and together make 
up an important mechanism for controlling arterial 
blood pressure. The nsc in diastobc pressure which 
occurs when the upright position is assumed is on© 
of the many important manifestations of tJiis control. 


INCREASES IN BLOOD PRESSURE 
SECONDARY TO CHANGES IN 
ARTERIOLAR CALIBER 

From the foregoing, it would appear that factors 
which influence arteriolar tone and caliber play an 
important role both in maintaining normal blood 
pressure and in producing hjpertension. The follow- 
mg factors have been thonght to bo of importance 
m influencing arteriolar tone. 
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Decrease in Vasodilator Tone, Some authorities 
hold Uiat the kidney elaborates a vasodilator sub- 
stance whose production Is impaired in renal dis- 
ease or nephrectomy. Practical applications of this 
theory are lacking in the clinical h)pcrtensive ^n- 
drome. 

Humoral Agents ^Vhich Raise Smooth Muscle 
Tone, For more than half a century, w'orkers in the 
field of hypertension have been interested in dreu- 
lating humoral substances whose primary action is 
to increase arterial tone. Some of these substances 
hav'e been thought to arise in Uie central nervous 
system, but the greatest interest has centered around 
the release by a kidney, whose blood supply has 
been compromised (though not made anoxic), of 
a substance (renin) which, by interaction with a 
serum globulin, is capable of causing an increase 
in smooth muscle tone in arterioles. ’Hie resultant 
pressor substance (angiotensin) has been investi- 
gated, and in some cases antiserums to renin, which 
will prevent its action in animals, have been pre- 
pared. Serotonin, which causes a variable pressor 
response, is among many other substances found in 
the plasma of hypertensive animals. Investigators 
have isolated from dogs a pressor substance, re- 
leased from the central nervous system on centrip- 
etal vagal stimulation, which has common proper- 
ties with serotonin and has been postulated as an 
explanation for the failure of so-called "neurogenic'’ 
hypertension to respond to sympathectomy. To the 
great misfortune of the hj'pertensive population, 
the role of all these substances in chronic hyperten- 
sion m roan is still obscure. The hormones of the 
adrenal medulla, however, are humoral agents 
whidi tan and do play a well-defined role in some 
instances of human hypertension. Primarily im- 
plicated are epinephrine and its demethylated 
analogue, norepinephrine. From the ph)siologic 
viewpoint, noiepinephrine appears more closely as- 
sociated with the human hypertensive syndrome. 
Its action is characterized by an increase in periph- 
eral resistance (primarily because of increased small 
vessel tone) with no increase, or an actual fall, i" 
cardiac output. Functioning tumors of tlie adrenal 
medulla and chromaflin tissue elsewhere can closely 
mimic the clinical picture of hypertensive disease, 
•xUhough in “essential" hypertension blood levels of 
norepinephrine are not elevated. 

Humoral Agents ^Vh^ch Potentiate either Neuro- 
tonic or Humoral Tonic Effects. It has been sug- 
gested that the kidney may be the site of a vaso- 
cxciler material (VEM) which potentiates (in tlie 
experimental animal) the response of small arteri- 
oles to topical application of epinephrine. Of much 
greater significance, however, is recent evidence 
both in the experimental anim.xl and in human 
ings that the kidney’s role in renal Iiypertcnsion 
may be its failure to excrete or to metabolize a cif- 
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oil^Ving pressor substaoce similar In, or identical 
with, norcpineplirine. It has licen hnown for some 
lime that the sjTitJielic analogue of the sodium re* 
taining hormone of the adrenal corlex (DOCA) 
may poicniiatc the rise in blood pressure caused 
by pressor agents. Ileccnt studies on the naturally 
occurring hormone, aldosterone, have great perti- 
nence for the underst.inding .and therapy of h)*per- 
tension. Patients with adrenal cortical adenomas 
secreting excess aldosterone may have liv’pctlen* 
sion. With bilateral adrenal h)'pcrplasia and excess 
aldosterone production, malignant hypertension is 
frequent In these instances not only is the blood 
pressure markedly elevated but tliere is coexistent 
X ascuhtis. The effect appears not to be due simply 
to sodium retcnlion since such patients show high 
urinary sodium excretions and have no increase in 
blood volume. Patients with malignant h)'pcrlcn- 
sion from any cause may show a striking Increase 
in aldosterone excretion. Since such patients in- 
variably have renal vascular invoKement, and since 
the Injection of purified angiotensin causes a rise 
in aldosterone, c-xcrelion of the latter may be a 
secondary result of renal origin. 

N'en’ous Constrictor Influence. As an explanation 
for the increased peripheral resistance which ap- 
pears to be common to the h)pcrtcnsivc S)T»drome 
almost independent of its ctiologv', it Is natural to 
inquire into the role of increased vasomotor lone. 
Increased vasomotor tone and augmented snon- 
tancous vasomotor activity have been observed ex- 
perimentally under the microscope, and arc well 
known to occur in many hj'pcrtcnsivc and prch)'pcr- 
tensive patients. Many factors which block or re- 
duce sj-mpathetic tone at cortical levels, such os 
psjeholherapy and sedation, and sympathectomy 
and svinpatholytic drvigs at a more peripheral 
mechanism, tend to decrease blood pressure. Simi- 
larly, factors known to augment constrictor nervous 
influence, such as emotion and chilling, lend to in- 
crease blood pressure. The hypertensive individual 
tends to have an increased pressor response to the 
infusion of norepinephrine, to cold stimuli (cold 
pressor test), and to the augmented blood pressure 
that follows termination of the Valsalva ni.rncuvcr 
{Valsalva overshoot). Possibly in some cases the 
central nervous system participates by elaboration 
of the humoral agent. It should be remembered, 
also, that the adrenal medulla is under the inlhjcnce 
of nervous stimulation. When the autonomic path- 
way’s are interrupted by chemical blockade of the 
sympathetic ganglions, it has been found that in 
botli normo- and hypertensive patients blood pres- 
sure falls are greater when the initial hlood pressure 
is high. In both normo- and hypertensive patients, 
however, elevation of the blood pressure by the 
administration of norepinephrine leads to a decrease 
in the extent of the blood pressure fall which may 
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be obtained by ganglionic blockade. In spite of the 
fact that vasomotor activity is not always increased 
in essential hypertension, it is reasonable to con- 
clude that neurogenic mechanisms play prominent 
contributory roles. In established hypertension, the 
vasomotor centers continue to regulate blood pres- 
sure levels in response to both pressor and depressor 
stimuli. In hypertensive individuals, however, the 
“501“ of the regulatory mechanism is at higher levels 
of blood pressure. Thus, although "fixed” hyperten- 
sion is rare, nervous mflucnces, however, play a 
lesser role in vvcil-establishcd or malignant hyper- 
tension because of the increased participation of 
humoral factors, or because of decreased reactivity 
of the blood Vessels secondary to pathologic change. 


CO.S’STITUTIONAL TACTOns 
IN llYPEnTENSlON 

In attempting to assay the significance of altera- 
tions in blood pressure in the light of the various 
factors which have been delineated, it is most im- 
portant to icmcmbcr that range of blood pressure 
compatible with normal activity and good progno- 
sis may be extremely wide wiicn compared with 
the range of such parameters as body temperature. 
Tliis is truer, perhaps, of the systolic than of the 
diastolic variation, but it is to be emphasized that 
daily or even hourly fluctuations in blood pressure 
per sc may be without real prognostic significance 

In infancy, arterial pressure may be 70/43. It 
then rises in late infancy and early childhood to 
values approximating 80/55, and by- adolescence 
reaches levels of 05 to 110 systolic and 65 to 80 
diastolic. The upper limit arbitrarily chosen by 
many for Uie "noirnal" blood pressure in the adult is 
140/00. All values cited above are approximations, 
and fluctuations in either direction may occur with- 
out true prognostic significance. Lower values are 
often diagnosed and treated as “low” blood pressure 
because of the vvell-perpcluated myth that "nor- 
mal” systolic blood pressure should equal the sum 
of 100 jUus chronologic age. I-evels based on this 
formula, however, should be regarded as a statis- 
tically common misfortune rallier than the ideal 
concomitant of advancing years. In the absence of 
obvious causes for true hypotension, values below 
that proposed by such a formula ore, in fact, likely 
to be correlated with longevity. In more than a 
third of the population, however, arterial hyperten- 
sion, as manifested by resb'ng blood pressures of 
150/90 or above, may be noted as a transient phe- 
nomenon in early adult life, and as the usual find- 
ing beyond the age of sixty. Although in themselves 
such increases m blood pressure may be of little 
significance in any one individual, statisUcs based 
on hundreds of tliousands can leave no doubt that 
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DISEASES OF ORGAN SYSTEMS 


even occasional rises in resting levels of pulse and 
blood pressure are associated wth a shortening of 
the life span. 

Factors of importance in alterations of arterial 
blood pressure may also be found in a consideration 
of race, environment, individual heritage, and state 
of activity. Thus, h)'pertension occurs earlier and in 
a higher percentage of Negroes, both in the United 
States and in tropical Panama, than in white or 
Indian populations. Evidence from such surveys 
suggests that the increased incidence of hyperten- 
sion may be correlated with an increased incidence 
of subciinical pjelonephritis. Women develop hy- 
pertension slightly more frequently than men but 
appear to tolerate it better. The basal pressures de- 
termined on awakening, before morning activity 
begins, are lower than during the day: 90/60 in 
many healthy whiles, and 80/50 or less in many na- 
tives of the tropics and of Asia. Sitting or standing 
normally raises the diastolic levels 5 to 10 mm Ilg; 
evcrcisc and hypoxia, or marked anemia, lower the 
diastolic and raise the s>-stolic level. 

Recent statistical studies indicate that, although 
blood pressure tends to rise with age in the relatives 
of both hj-pertensive and nonhypertensive individ- 
uals, blood pressure elevations are found earlier in 
the relatives of the hypertensive population, and 
tend to remain higher throughout their life span. 
Similarly, hypertension frequently develops earlier 
and with greater severity in successive generations 
with hypertensive predecessors. M'hether lliis pre- 
disposition represents an accentuated tendency for 
blood pressure elevation in h>‘pertensive individuals 
and their relatives or vvhetiier one may interpret 
such data as an overlapping of two population 
groups, hypertensive and nonhypertensive, is not 
at present clear. In those with the hypertensive pre- 
disposition, inherited or not, a rise in systolic and 
diasfohc pressures may fw circ£S«? by efrxffiog. anger, 
frustration, anxiety, or even pleasant anticipation 
of an exciting event; whereas others with no pre- 
disposition may show no nsc, even with the most 
intense emotional stimuli. The value obtained with 
the sphygmomanometer is tlius only one of the 
many factors whose importance must be assessed 
in considering the significance of alterations in blood 
pressure. 


CL.^VSSinCAT10N OF HYPERTENSION 

A s)'stcm of classification of hypertension is pre- 
sented in Table 245-2. It should be noted that sjs- 
tcmic hypertension may be differentiated by reason 
of the phase in which the elevation occurs Marked 
elevation of systolic pressure vvitli little or no eleva- 
tion of diastolic pressure has a different etiologic 
connotation and, even more important, an entirely 


Table 24S-3. curable iiyperteksiov 


Syslolte hupertension 
onhj 

Thyrotoxicosis 
Arteriovenous fistula 
Anemia 


Combined syilolie and 
diastolic hypertension 
Brain tumor 
Unilateral renal disease 
Adrenal cortical hj pcrfuncticin 
Aldosteronism 
Cushing’s syndrome 
Phcochromocytoma 
Pituitary tumors 
Coarctation of the aorta 
Increased intravascular volume 
Eclampsia 
Polycythemia 


different prognostic significance than does elevation 
of the diastolic phase. As has been pointed Out 
previously, predominance of systolic elevation de- 
pends more upon tlie factor of cardiac output. Pre- 
dominance of diastolic elev-ation is a manifestation 
of inCTeased residual resistance in the peripheral 
vascular bed after systole and, as such, more closely 
represents the cLnically significant abnormally in 
the hypertensive syndrome. The term essential hij^ 
pertension has been employed to indicate those 
cases of hypertension for which a specific endocrine 
or renal basis cannot be found, and in which the 
neural element may be only a mediator of other 
influences. Since even this latter relationship is not 
entirely clear, it is more properly listed for the mo- 
ment in the category of unknown etiology. The term 
essential hypertension defines simply by failing to 
define; hence it is of limited use except as an ex- 
pression of our inability to understand adequately 
the forces at work. Nev’crtheless, tlie bulk of pa- 
tients with significant and persistent elevation of 
diastolic pressure fonn ajairly uniform group for 
wfuch no vv eff-ifefined fitiofogic process has 6ecn 
delineated. From tlie standpoint of wide accept- 
ance, the term probably should be retained. Un- 
questionably, cases of essential hypertension in the 
progressive form may develop a renal component 
which perpetuates this syndrome as a result of de- 
velopment of vascular lesions in the kidney. The 
dev'elopmcnt of vascular lesions here and ebewliere 
has served for some authors to differentiate hi/per- 
tensive disease from htjpertenslon, which latter term 
connotes only elevation of blood pressure without 
associated vascular lesions. The prognostic signifi- 
cance of this division Is obvious, but the dividing 
line is often difficult to draw. Essenbal hyperten- 
sion may be further subdivided info two tj^ies, 
benign and malignant. These terms should be em- 
ployed only as relating to the rapidity and severity 
of tlie vascular disease accompanjing increased 
blood pressure levels The malignant type may be 
superimposed upon the benign type; occasionally, 
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however, it may be so rapid in onset and so severe 
in its course as to appear a separate entity. In addi- 
tion, the scs’crity and rapid progress of vasadar dis- 
ease associated with hj’pertcnsion primarily renal in 
origin may justify the term malignant Utjpertcnston. 

Many factors ln\-oh'ed in the hyTicrtensive 
drome ha\c now been delineated. It may be per- 
missible to attempt to integrate them in a theoretic 
case of human “essential" h)pertcnsion in a fashion 
nhich lays much stress upon the primar)* role of 
nervous vasoconstrictor influences. In this idealized 
\iew an individual, by reason of inherited traits, 
including race and sex, may be particularly suscep- 
tible to \’asomotor ic.'ictions resulting from a stress- 
ful environment. Specific reasons for this suscepti- 
bilit)’ might include emotional instability, a labile 
susomotor apparatus, possibly including the vaso- 
motor center in the medulla, and a peripheral \'as- 
culaturc ^vhich h}perTcacts to nervous constrictor 
stimuli. Sucli an individual would manifest early 
in life greater rises in blood pressure in response 
to environmental stimuli than his fellow bom with- 
out these genetic traits. Such abnormal responses 
might be elicited by the cold pressor test and Val- 
salva maneuver. During early adult life these rises 
would be more frequent, reach higher levels, and 
tend less and less to return to so-called “normar 
values. Tlie continued stress of pressure upon a ge- 
netically sensitive vasculature might then result in 
small blood vessel changes which would be mani- 
fest in the optic fundi and kidneys. V'ith the in- 
s’olvement of the kidnej-s and possibly the adrenals, 
a second, humoral mechanism might origin.itc which 
could then overhay and finally completely dominate 
the original neurogenic origin. At this point, al- 
though the labile vasomotor response might still be 
elicited, its importance from an eUologic and thera- 
peutic standpoint would be secondary. Such a for- 
mulation is admittedly speculative. It does, how- 
ever, fit many of the observed facts. Although many 
doubt that increased pressure per se may cause 
vascular disease, in the author’s vie^v, the statistical 
correlation in mortality tables is loo impressive to 
neglect. By analogy, too, the pulmonary vascular 
disease that may result from prolonged increased 
pulmonary arterial pressure ivilh mitral stenosis sug- 
gests very strongly that this relationship may 
tain. 

A second and possibly more important classifica- 
tion has been constructed in Table 245-2. Such a 
table emphasizes tlie fact that the physidan con- 
fronted with the problem of hypertension must 
think first of those situations in which the hyper- 
tension may be associated with a specific defect 
which may be amenable to specific therapy. A 
causal relationship of tins type may be difficult to 
establish and may be defined only by the resultant 
success or failure of therapy. Never^elcss, the op- 
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portunity to “cure” hypertension must be sought 
diligently in each hj'pertensive patient. 

The diagnosis and treatment of thyrotoxicosis 
have been discussed in Chap. 66. The presence of 
an arteriovenous fistula may be manifested by sys- 
tolic hypertension and a wide pulse pressure, and 
may be diagnosed by the presence of a murmur or 
thrill over the site of the abnormal communication. 
This may be over the peripheral %’cssels where in- 
volved, or a typical "machinery murmur’’ may be 
heard over the left preeordium in the case of patent 
ductus arteriosus. Both of these conditions may he 
amenable to surgical correction. 

Adrenal coriicaf hypcrfunction may be manifest 
by hj'pcrtension as well as the other signs of Cush- 
ing’s svaidrome (Chap. 68). Osteoporosis, hirsutism, 
“buffalo hump," striae, and disorders of glucose 
metabolism arc typical. Hypersecretion of aldoster- 
one and its relation to hypertension are discussed 
elsewhere in this chapter and in Chap. 68. Pa- 
tients with hypertension svith hypopotassemic alka- 
losis should be evaluated carefully for this syn- 
drome. Two factors may confuse the diagnosis. The 
common administration to hypertensive patients of 
thiazide diuretics may cause potassium depletion. 
The administration of diets low in sodium may' pro- 
X'cnt hypopotassemia in hypertensive patients and 
alkalosis in patients ^v’ith fulbblowm hyperaldoster- 
onism. 

Phcochromoctjioma, though rare, produces a com- 
pletely curable form of hypertension ivhen surgery 
)s performed before Uie vascular disease has become 
irreversible. In spite of such diagnostic techniques 
as perirenal air injection and retroperitoneal insufBa- 
tions with o^tygen, the newer pharmacologic agents 
for provocative and blocking tests, the assay of uri- 
nary pressor amines and their metabolites (VMA), 
the diagnosis rcm.nins extremely difficult and may 
be established only by exploration. Pheochromocy- 
(oma, in addition to the typical intermittent att.'icks, 
may produce a steady hypertension. The problem 
is discussed further in Chap. 69. 

The diagnosis of coarctaiian of the aorta, if con- 
sidered, %vin usually be made by comparison of 
blood pressure in the arm and leg, and appropriate 
x-rays of the chest may show the typical notching 
of the ribs. 

The problem of unilateral renal disease as a cause 
of hypertension has received increasing attention 
with the advent of newer diagnostic methods and 
forms of surgical therapy. Occlusion of a renal ar- 
tery or one of its branches should be suspected 
when malignant hypertension appears suddenly in 
patients with no previous history. A strong family 
background of hypertension in a patient with long- 
standurg disease may make the coexistence of a 
renal lesion and hypertension coincident rather than 
causal. A marked discrepancy in renal size as indi- 
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cated by intravenous pyelography is an important 
clue. If enough functioning parenchjTna remains, 
increased concentration of contrast medium may be 
evident on the side with the vascular lesion. Ob- 
strucUon of renal arterial flow may c.ause hj-perten- 
sion even when intravenous pyelography reveals no 
difference between the two kidneys. The measure- 
ment of the uptake and excretion of radioactive 
iodopyracet (Diodrast) or iodohippurate sodium 
(Hippuran) may be made by counters placed over 
the renal area, following the intravenous injection 
of the isotope. This has proved an innocuous and 
frequently helpful screening test Simultaneous com- 
parison of the function of the Ivvo kidneys by sam- 
ples obtained from each ureter may yield important 
information, particularly when there is no discrep- 
anc)' in over-all function as measured by the in- 
travenous pyelogram. Characteristically, the kidney 
whose arterial inflow is impaired show-s a smaller 
volume of urine with a higher osmolality and cre- 
atinine concentration and a lower sodium concen- 
tration than on the contralateral side. Translumbar 
aortography or renal arteriograms made by ibe in- 
jection of contrast media directly into the renal 
arteries by a catheter passed percutancously up 
the femoral artery may directly visualiie the af- 
fected vessel. None of these tests, however, is In- 
fallible, and the data from all of them should be 
compared before surgical interv’entlon is decided 
upon. If, at exploration, obstruction of one renal 
artery is found, with a marked pressure drop across 
the area of obstruction, and if the contralateral 
kidney is normal, removal of the affected kidney 
or the placing of an arteri.xl graft may be curative. 
Involvement of the contralateral side by vascular 
disease, however, may militate against surgical 
cure, even when the obstruction is relieved. With 
correction of the obstruction, however, Iij'pcrten- 
sion due to mild vascular change on the contra- 
lateral side may respond to medical therapy. It b 
the duty of the internist to keep in mind that mild 
to moderate hypertensive disease may respond to 
medical therapy, even when cortclusively due to 
unilateral renal disease. This fact must be weighed 
carefully against the morbidity and mortality of 
renal vascular surgery. 

rolyajthcmla, as a cause of increased intravas- 
cular volumd, may be diagnosed upon estimation 
of the hematocrit and erythrocyte count. Phlebot- 
omy, the administration of phenylhjdrazine hydro- 
chloride, radioactive phosphorus, and irradiation 
have been used successfully in treatment. 

PiluitaTij tumors, accompanied by hypertension, 
may be associated with Uie picture of hjperadrenal- 
ism or with th-it of acromegaly, in which case the 
characteristic facies, increase in head, hand, and 
foot size, as well as x-rays of the extremities and 
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sella turcica, may confirm the diagnosis. The ther- 
apy of choice is irradiation. 

TOXEMIAS OF PREGNANCY 

The toxemias of pregnancy are arbitrarily divided 
into preeclampsia and eclampsia. Eclampsia is char- 
acterized by a more severe course and more diffuse 
lesions; it differs from preeclampsia by the presence 
of convulsions and coma. The syndrome is mani- 
fested by hypertension, proteinuria, and retention 
of fluid. Common symptoms are headache, visual 
disturbances, and epigastric pain. In the past the 
incidence of eclampsia has varied from 0 2 to 1.5 
per cent. With belter prenatal care, however, this 
incidence has markedly decreased in recent years. 
The disease is more common in primiparas than in 
multiparas, though this may reflect only the de- 
creased tendency of toxemic primiparas to become 
pregnant again Diabetes, multiple births, and hy- 
datidiform moles are all reported as increasing the 
incidence of toxemias. The primary pathologic le- 
sions aie seen in the kidneys, and consist of thick- 
ening of the walls of the glomerular capillaries and 
the capillary basement membrane. In the more se- 
vere cases, petechial hemorrhages and small areas 
of necrosis are found in the brain. In severe ec- 
lampsia, the liver shows characteristic lesions con- 
sisting of irregular areas of hemonhage and necro- 
sis. This may occasionally be severe enough to pro- 
duce jaundice. Bilateral sjmmetrie necrosis of the 
cortices of the kidney occurs most often at the on- 
set of eclampsia. The etiology is still obscure. Many 
of the reported cases of eclampsia may be simply 
the aggravation, by the pregnant state, of preexist- 
ing essential hypertension or of glomerular nephri- 
tis. When these can be shown to be absent in the 
first 5 months of pregnancy, it is postulated that a 
toxic or pressor substance formed in the placenta, 
possibly at the site of placental infarction, may be 
implicated in the production of the profuse vascu- 
lar lesions. 

Course. True eclampsia or preeclampsia rarely 
manifests itself before the sixth month of preg- 
nancy. In the cases which are carefully followed, 
the earliest clues may be headache, anorexia, pro- 
teinuria, elevations of blood pressure, and excessive 
gain in weight. There is frerjuently some degree of 
oliguria in eclampsia, and in severe cases, frank 
renal failure with anuria may supervene. Marked 
hematuria is not usually seen except in association 
vv-iUr cortical necrosis. In the absence of frank renal 
failure, renal blood flow is usually normal, but there 
is characteristically a depressed filtration rate. In 
the severe cases, convulsions are characteristic and 
may be the cause of death. Termination of preg- 
nancy is usually accompanied by marked improve- 
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merit, although symptoms may continue for as long 
as 24 to 36 hr after delivery, The recovery stage is 
usually characterized by a drop in blood pressure 
and a profuse diuresis with loss of edema. The prog- 
nosis is good in carefully managed patients with- 
out severe renal lesions. The internist must concern 
himself with the possibility of the development of 
permanent renal disease or hypertension following 
eclampsia. Unfortunately, there is no agreement on 
the frequency with which this occurs. In most of 
the reported series, some renal disease and hyper- 
tension persist following eclampsia, but it is not 
clear whether this is due to aggravation of preexist- 
ing renal disease and hypertension, or whether it 
dates specifically from the eclampsia. Severe pre- 
vious eclampsia in women over ihirly-Bve contra- 
indicates a further pregnancy. In the presence of 
slight hypertension or minimal urinary findings, the 
patient may be allou-ed to become pregnant and 
should be carefully followed during her pregnancy, 
with the possibility of electively terminating it 
when signs of eclampsia appear. There is no good 
evidence that normal, well-conducted pregnancy 
aggravates mild “essential" hypertension If to.xemla 
does not supervene. Patients sviih preexisting renal 
disease, however, may do poorly, particularly if 
functional impairment exists. 

The treatment of toxemia should be divided into 
prophylactic and therapeutic measures. Prophylaxis 
consists of careful surveillance with restriction of 
sodium to less than 2 Cm per day if edema appears. 
The treatment of severe eclampsia is the termination 
of pregnancy. Medical measures are similar to those 
outlined for the treatment of hypertensive encepha- 
lopathy. Magnesium sulfate, as well as prolovera- 
Irine and reserpine, have been used with good re- 
sults. It has been reported that the use of hydrala- 
zine (Apresoline) in the hyperlensix’e disease of 
to.xemia of pregnancy is more specific than for other 
forms of hypertension. Massive doses of penicillin, 
which appear to exert some antitoxic action, have 
been used with some success, and good results have 
been reported from the prophylactic use of stil- 
bestiol. 

SYSTEMIC HYPERTENSION 
Signs and Symptoms. The signs and symptoms 
of hypertension can rarely be attributed to the ele- 
vated blood pressure itself. A large number of pa- 
tients with eloN’ated blood pressure may have no 
symptoms or signs whatever. In the more adv'anced 
stages of hypertensive disease, signs and symptoms 
depend upon the organ involved by the vascular 
disease accompanying the hypertensive process. 
These include, of course, cerebral arterial and ar- 
teriolar disease, coronary artery disease, congestix'e 
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heart failure, and renal faJure, which will be dis- 
cussed in separate chapters. A not infrequent early 
symptom is the presence of headache. This may 
taVee any form but classically is a dull, pounding 
occipital headache, which is present upon awaken- 
ing in the morning and tends to wear off during 
the day. Many paUents xvith hypertension complain 
of nonspecific difficulties such as wealeness, nen’ous- 
ness, fctulence, palpitation, and dizziness. Since 
hypertensive patients are prone to emotional and 
psychic difficulties, it is frequently difficult to evalu- 
ate these symptoms. 

Epistaxis may occur, as well as microscopic and 
even gross intermittent hematuria accompanied by 
moderate proteinuria. The latter findings may sig- 
nify vascular involvement of the Iddney, but should 
alert the physician to the possibility of preexisting 
renal disease. An important physical finding, xvhich 
may give some clue to prognosis and progress of 
the TOScular disease, Is the change in the vessels of 
the optic fundi. The damage caused by hyperten- 
sive disease is better recognized by a careful study 
of the retina than by any other means. These 
changes deserve careful attention and should be 
accurately described in the patient's record. The 
physician should note exactly what he sees in the 
retina and not use one of the grades or classifica- 
tions currently employed. The grading ‘method is 
useful for statistical studies by one person or group, 
but a subsequent examiner cannot be sure th.xt he 
and the previous examiner understood exactly the 
same changes implied by a numerical grade. If pos- 
sible, the lesions when seen should be described as 
to character and location and, even better, draum. 
Early changes in the retinal \essels include diminu- 
tion in the caliber of the smaller vessels most distal 
from the disk. A convenient standard of reference 
is to relate the arteriolar diameter to that of the 
vein. Generalized constriction or “spasm” of the ar- 
terioles may be seen in severe toxemia of pregnancy. 
A more specific lesion, however, is segmental con- 
striction of the arterioles. This is a permanent le- 
sion and characteristic of significant diastolic hyper- 
tension. Tortuosity of the larger vessels close to the 
disk appears in hypertensive disease, but may also 
be seen in arteriosclerosis xvithout li)pcrtension, and 
is of little significance to the hypertensive process 
itself. Arteriovenous nicking is characteristic of 
clironic moderate hypertension but may also be 
seen in Uiosc patients with severe elevation of di- 
astolic blood pressure. True arteriovenous nicking 
requires the presence of an open space between 
artery and vein on both sides of the artery (Fig. 
245-1). Frequently, a darker red area in that por- 
tion of the vein just peripheral to tlic crossing may 
be seen, representing stasis of venous flow at that 
point Since both segmental constriction and artcrio- 



1354 SEC. 2 



Fic. 245-1, Relinal changes of hypertension — arterio- 
venous compression anil segmental constriction of the 
arterioles (S. A. Shelburne, Ann. Inlernal Med., 1957.) 


venous nicking are permanent clunges, they repre- 
sent evidence of a pree.xisting hypertensive state. 
As such, they may have important diagnostic im- 
portance in a patient wlio at the time of examina- 
tion has a drop in blood pressure secondary lo myo- 
cardial infarction or hemonhage. 

An increased light reflex signifles thickening of 
the vessel wall. With advancing changes, small 
flame-shaped hemorrhages and glistening white ex- 
udates may make their appearance. A serious prog- 
nostic sign, indicative of advanced dise.ase, is papil- 
ledema, manifested by blurring of the disk margins. 
Tins should be particularly evaluated at the tem- 
poral margin, since some degree of Wumng of the 
nasal margin may be physiologic. Separation of the 
retina has been observed in the acute hypertensive 
episodes of ecl.ampsia Although somewhat unusual, 
there may be marked differences in the degree of 
involvement of the retinas. The visual sjTnptoms 
usually depend upon Uie degree of involvement and 
die location of the lesions. 

Patients with hypertensive disease occasionally 
suffer from acute episodes characterized marked 
rise m blood pressure above the previous level, and 
by disorders of the nervous system wind) last for 
minutes, hours, or days, and then disappear vvitliout 
clinical evidence of Listing damage Such episodes, 
described as litjperlensive cncephalopalhy, are not 
limited to any single ctiologic type of hypertensive 
disease but are particularly common in association 
with renal disease, especially where a common fac- 
tor, such as acute glomeniloncpliritis or dissemi- 
■ nated lupus erythematosus, lias produced both vas- 
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ctilar lesions and hypertension. Spasm of cerebi'al 
vessels Is generally thought to be the cause of these 
attacks, although adequate demonstration of this 
has yet to be made. Small thrombi and edema play 
a role in some cases. Tliis syndrome may frequently 
simulate the hypertensive crises of pheochromocy- 
toma or mimic brain tumor. The clinical syndrome 
appears in two forms, depending upon whetlier the 
disturbances in the nervous system are chiefly of 
generalized or of focal nature. 

Tlie general form usually appears in individuals 
without previous long-standing hypertension. It 
may occur in women with eclampsia and in chil- 
dren and young adults with acute glomenilonephd- 
lis. Rapidly progressing malignant hypertension is 
frequently accompanied by hypertensive encepha- 
lopathy. Aside from a rapidly rising blood pressure, 
the attacks are cliaractcrizcd by headache, visual 
disturbances which may progress to blindness, 
papilledema, vomiting, stupor, coma, stertorous 
breathing, psychoses, and convulsions. All these 
manifestations may be hastened and enlianced by 
the administration of excessive amounts of fluid. 

The focal type of hypertensive encephalopathy 
may appear in any individual with chronic hyper- 
tension, but IS especially frequent in older individ- 
uals and in the malignant form of the disease. Loss 
of consciousness, convulsions, and paralysis invok- 
ing one-half of the body are especially commor*. 
and the clinical picture, though reversible, may c<* 
aclly resemble cerebral vascular accident due to 
hemorrhage, tlirombosis, or embolism, at the begin- 
ning. The differentiation may be impossible until 
the patient has been observed for a number of hours 
or even for several days. 

Prognosis in Hypertension. Few problems ifl 
clinical medicine are as difficult or as controversial 
as the evaluation of tlie prognosis for any individ- 
ual patient wifli early but marked Viypertensvow 
Although the statistics of the insurance companies 
clearly indicate that, in general, the mortality ex- 
perience is increasingly- unfavorable with progres- 
sive elevation of the blood pressure, individual 
variation in tolerance to hypertension and hyper- 
tensive ihseaso is marked. A few of the factors af- 
fecting prognosis have already' been mentioned k 
Table 245-3 are listed factors which are known tO 
affect adversely the prognosis in patients with hy- 
pertension. These arc listed in order of increasing 
gravity. Systems of classification of hypertension, 
characterizing the disease in varying grades of se^ 
\cn^ and with varying prognoses, have been de- 
vised on the basis of (1) retinal changes and (2) 
a combination of the factors listed in Table 245-3. 
plus phcnolsulfonphllialein excretion and response 
to sedation. It can be concluded tliat young male 
patients of racial origins known to be susceptible 
to hypertensive disease, with high, relatively fixed 
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TMt 245-S. TACTORS INTJlCATrUQ AN AQYERSC 
PROGNOSIS IN IITPERTENSION 

Negro origin 

Youth and male sex 

Persistent diastolic pressure > 110 

Marked cardiac enlargement 

ECO changes of ischemia or left ventricular strain 

Renal functional impairment 

Retinal hemorrhages and exudates 

Angina pectoris 

Myocardial infarction 

Cerebrovasculai accident 

Congestive heart failure 

Marked retinal arteriolar sclerosis 

Nitrogen retention* 

Papilledema 

• Nitrogen retention, a^hen due to vascular disease of 
the kidney, indicates a verj’ grave prognosis. Its occur- 
rence in primary renal disease with only mild byperten- 
Bion may be leas important. 

diastolic prcssuies, are apt to do badly. On the 
other hand, women apparently tolerate elevated 
blood pressure and even hypertensive vascular dis- 
eases better than do men. Every physidan inter- 
ested in hyperterisive disease has followed women 
and an occasional man through many years of rela- 
tively good health wth persistent diastolic pres- 
sures of 120 mm or more. The degree of retinop- 
athy may give some clue as to the prognosis, al- 
though this, in general, is a better guide to the 
progress than to the ultimate prognosis, since even 
severe retinopathy may be reversed occasionally by 
appropriate therapy, and rarely improves sponta- 
neously. papilledema and renal insufficiency arc ex- 
tremely grave prognostic signs In every instance. 
The occurrence in the hypertensive patient of myo- 
cardial infarction, congestive heart failure, or cere- 
bral vascular accident signifies a poor prognosis, 
although, again, ci’cry hjpertensive clinic has its 
share of patients constituting exceptions to this gen- 
eral rule. Emotional instability, uhile making llie 
treatment somewliat more difficult, docs not other- 
wise aSect prognosis itself. Poor response to ade- 
quate treatment of any sort, induding failure to 
correct obesity, frequently indicates impaired prog- 
nosis. 

Diagnosis. Tlie diagnosis of hypertension may be 
made with a blood pressure cuff, and the diagnosis 
of hjpcrtcnsiie vascular disease by the usual meth- 
ods for eialualing the cardiovascular system, kid- 
neys, and optic fundi. The diffcrenlial dia^osis 
should, from the very first, include 'disease states 
gm'ng rise to hypertension for which more specific 
therapy exists. A list of tliese, which should be 
considered during the first evaluation of any hy’per- 
tensive problem, is given in Table 245-2. 


Treatment 

Principles of Therapy. WTiatever the form of 
therapy selected, it must not be forgotten that the 
physician who treats hypertension is treating the 
patient as a U'hole rather than the separate mani- 
festations of a disease. The Erst principle of the 
therapy of by'pertension is the knowledge of when 
to treat and when not to treat. Two essentially op- 
posing viewpoints are maintained in this regard, 
with various shades of opinion in between. Both 
agree that the accelerated phase of hypertension 
With a liigh diastob'c pressure, and rapid progress of 
vascular lesions in the retinas, heart, and kidneys, 
markedly aSects the prognosis and justifies any’ form 
of treatment aimed at lowering the blood pressure, 
except in the presence of marked nitrogen reten- 
tion. The differences are sketched in Table 243-4. 

The viewpoint indicated on the right in Table 
245-4 is espoused by the author, and henceforth 
the discussion of therapy will be oriented from this 
point of view. 

Selection of Patients for Therapy. In the decision 
to institute treatment, the factors delineated in the 
paragraph on prognosis must bear considerable 
weight. Factors of increasing gravity, shown in 
Table 245-3, are increasingly Important indications 
for specific therapy. Frank nitrogen retention, how- 
ever, may contraindicate and obviate any specific 
form of depressor therapy. Sudden, marked, and 
persistent elevation of diastolic pressure may pre- 
cede signs and symptoms and, as such, indicates 
need for therapy. A knowledge of when to with- 
hold specific treatment is equally important. A 
woman who has tolerated her diastolic pressure of 
120 for 10 years without symptoms or deterioration 
does not need immediate specific treatment for 
hypertension. Marked elevation of systolic pressure, 
with little or no rise in diastolic, does not constitute 
an indication for depressor therapy’. This is particu- 
larly true in the elderly or arteriosclerotic patient, 
even though the diastolic pressure may also he 
moderately' elevated. A trial of mild forms of tlier- 
apy, including psy'cholherapy, reducing diets, se- 
dation, or mild depressor agents, which fails to 
improve sipis or symptoms, may justify more in- 
tensive fonns of therapy. The physician must, hovv- 
ev'cr, carefully weigh the value of making his pa- 
tient “blood pressure conscious" by a specific regi- 
men and regular follou'-up, against real need for 
any particular form of tlierapy. Above all, in treat- 
ment or prognostication, he must avoid engendering 
in the patient a fear of tlic disease which may be 
unwarranted in our present state of knowledge. 
Promising therapies arc avaikiblc, however, and it 
sliould be remembered that the forms of treatment 
are not mutually exclusive. Particularly, it sliould 
be remembered tliat tlie confidence, patience, and 
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Table S4-5-4. opposrre vrEwroism os therapt or rypertession 


The e%BCt level of the blood pressure may have little 
clinical significance, since it correlates poorly with the 
incidence of vascular disease and w ith mortality figures. 
Treatment of hypertension per se is unjustified. 

Spontaneous remissions of hypertensive vascular disease, 
tolerance of it, and response to nonspecific therapy 
make results of specific hypotensive therapy diflicult 
to evaluate. In a few cases vascular disease haa pro- 
gressed in hypertensive individu.ils in spite of the fact 
that adcfiuate lowering of the blood pressure has been 
obtained with hypotensive agents 

Tlie d.angers and side effects of "specific" therapy may 
be Morse than the natural course of the disease. 


enthusiasm of the physician are Important Ingredi- 
ents In any form of therapy The hypertensive proc- 
ess being what it is, this factor undoubtedly ac- 
counts in large part for the varying degrees of suc- 
cess achieved by different investigators with the 
same tlierapeutic program 

Symptomatic Therapy. Improvement in symp- 
toms, as well as blood pressure levels, frequently 
results from adequate psychothertipy (see below). 
For the relief of hypertensive headache, elevation 
of the head of the bed dunng the night is usually 
beneficial. Thiocyanate salts nave been used with 
some success, although the necessity for carefully 
checking blood levels of this drug to prevent tov- 
icity has greatly decreased its usefulness. Not infre- 
quently a cup ol blacV coffee or the administration 
of 200 to 400 mg caffeine as the citrate or sodium 
benzoate salt, given on arising, may help the hyper- 
tensiv 0 headache. Periodic v’enesection has met with 
occasional success in alleviating headache and dizzy 
spells. Small amounts of sedation in properly se- 
lected patients may be of some value. They should 
he carefully evaluated after preliminary tbCTapeutic 
trial for the undesirable side effects. With renal 
failure, the short-acting barbiturates Seconal and 
Am) tal are preferable to phenobarbital, since they 
do not require the renal route for their excretion 
Because sedation may play a more fundamental rrile 
In hypertension than that of symptomatic therapy. 
Its use becomes a highly individualized problem. 
The administration of 30 mg phenobarbital three 
to four times a day to one patient may well dull the 
knife-edge of anxiety and result in improvement 
In other individuals, the mental confusion that may 
'’Tcsiilt, as well .IS the necessity for taking mcdica- 


Tbc level of diastolic pressure may not correlate with 
vascular dise.ase or mortality in the individual, but in 
a large scrioa it can be statistically sliown to shorten 
the life span. 

In spite of the variables, irreversible fatal vascular disease 
may result from essential hypertension. There Ls reason 
to believe that elevation of the diastolic pressure con- 
tnbutes to this, and in the absence of knowledge ol 
other factors and with the ability to lower blood pres- 
sure with specific therapy, attempts to lower pressure 
seem justified in properly selected cases 

Various effective forms of hypotensive therapy exist, in- 
cluding psychotherapy. It is justifiable to apply mild 
therapy to mild forms of hypertension, and since the 
problems and dangers of therapeutic methods increase 
with increasing order of efficacy, they may be justified 
in severe forms of tbe disease In experienced hands 
specific forms of therapy, even though dangerous, need 
not be delayed until irreversible changes have taken 
place. 

Hon continually, may do more harm than good The 
conscientious executive, faced with a problem which 
he is capable of solving with a clear head, does not 
benefit his h)pertensive disease by grappling with 
his problem under tbe influence of sedatives which 
cloud his thinking. Such situations must be care- 
fuliv assessed on their individual merits. The tran' 
quilmng agents (Miltown, Equanil) may be useful 
in allaying anxiety and tension without impairing 
critical faculties. 

P$)-cholherapy, A majority of patients with es' 
sential h)q5CTtension have disorders of personality 
which may be aggravated by environmental or emo- 
tional stress resulting in confiicts and anxiety which 
may be correlated with fluctuations in blood pres- 
sure. Although there is little agreement on the spe- 
cific personality patterns involved, such emotional 
contributions may be recognized frequently, they 
arc particailarly evidenced in the tense, anxious in- 
dividual with marked fluctuations in blood pres- 
sure. In such cases, psychotherapy alone has pro- 
duced results equal to the best of other forms of 
therapy It is, moreover, an indispensable adjunct 
to them. Intensive psychotherapy may not be neces- 
sary and, mdeed, should not be undertaken unless 
it can be followed to completion, since the e-irly 
part of the e.xhaustive psychiatric approach may 
often be folJowed by exacerbation of hypertension. 
One shoirid not underestimate the s’alue of the psy- 
chotherapy resulting from a good physician-patient 
relationship. It is probable that j'ust this resulted 
in the improvement in hypertension attributed to 
nostrums such as watermelon seed and garlic It 
follows from this example, however, lliat an emo- 
tion.illy labile patient, with numerous emotional 
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problems and psychosomatic complaints, cannot 
always be told — because of the absence of vascular 
or icnal discase—simply to forget his problems. In 
the vast mafority of instances, a discussion of the 
problem with reassurances fortified by mild medi* 
cation and follow-up \isits at infrequent but regu- 
lar inter\’als will do more good. 

Dietary Management. Obesit)* is frequently a 
sign as well as a complication of the hj’pertensive 
personality. Since it has an undoubted adverse ef- 
fect upon prognosis and progress of the disease, 
it should be specifically treated by an adequate 
weight-reducing regimen, such as has been out- 
lined in Chap. 22. The patient should fully under- 
stand the necessity for this regimen yWthout being 
frightened by it. 

There can be no question but that, in the bands 
of certain workers, diets low in sodium and in pro- 
tein have resulted in striking amelioration of h)'pcr- 
tensive vascular disease. Of these, the so-called 
"rice diet," containing 200 mg sodium, 23 Cm pro- 
tein, and approximately 2000 nonprotein calories, 
is an example. Recent work- has indicated that it is 
the Imv sodium content rather than the protein dc* 
Bcienc)’ that is responsible for the beneficial results. 
The true rice diet probably docs not maintain ni- 
trogen balance, and it must be strictly adhered to 
for at least Q to 8 weeks, during which time most 
patients find it extremely unpalatable. More palat- 
able diets may be planned which contain less than 
COO mg sodium chloride per 24 hr, and among 
several excellent booklets on this subject, one is 
prepared for the patient by the American Heart 
Association. For the treatment of h)*pcrtension per 
sc, 0.5 Cm sodium chloride constitutes a maxima] 
dietary salt intake, although congestive heart fail- 
ure and edema per se may respond at slightly 
higher levels. Cation excliange resins, which pre- 
vent absorption of dietary sodium, ha\e been used 
with success to effect decreased sodium absorption 
from diets containing more than 1 Cm ingested 
sodium chloride, and the thhazidc diuretics are an 
additional adjunct. Such programs may make meals 
more palatable for many patients, particularly with 
the judicious use of one of the s.ilt substitutes. The 
usual precautions should be observed with the in- 
gestion of cation exchange resins. A Imv sodium 
intake may effectively potentiate the effect of other 
forms of treatment, both surgical and pharmaco- 
logic. 

Drug Therapy, The rationale for tlie use of drugs 
which ^o^ve^ blood pressure is based on the belief 
that prolonged, marked elevation of systemic arte- 
rial pressure is in itself harmful, and may contrib- 
ute to and hasten the vascul-ir lesions. NVhile this 
view is regarded with skepticism by some, there 
can be no question but that there are well-docu- 
mented cases in which the use of depressor drugs 
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has aborted or reversed progressive changes of ma- 
lignant h}pertension. Furtliermore, there is e^i• 
dence that patients with severe hvpeitension whose 
blood pressure lias been effectively lou’ered by drug 
therapy over a period of 3 to 4 years may then be 
maintained on gradually decreasing doses and even- 
tually no drug at all. Since peripheral resistance is 
the most important of the factors which determine 
the level of the blood pressure, hjpotensivc agents, 
to be effective therapeutically, should act by de- 
creasing resistance rather than by decreasing car- 
diac output or flow. The introduction of hypoten- 
sive agents with varj’ing sites of action has provided 
the physician with a new approach to medical ther- 
apy of hypertension. These drugs, although effec- 
tive. require of the physician a thorough knowledge 
of the disease as well as of the agent employed. In 
Table 243-5 are listed in some detail the important 
properties of currently available hypotensiv'C agents 
which the author believes to be worthy of trial 
when hj-potensivc therapy is indicated. The use of 
sodium thiocyanate and nitroprusside, whose ac- 
tions are similar, has been found by some to be 
effective in the treatment of hypertensive headache 
and in lowering of arterial pressure. Because of the 
necessity for controlling blood levels, however, their 
use is not widespread. 

Of the agents listed in Table 245-5, the gangli- 
onic blocking agents arc of extreme and unques- 
tioned potency. Their side effects, however, as well 
as the need for careful control by frequent blood 
pressure readings suggest that their use should be 
relegated to the severer forms of hypertensiv'e vas- 
cular disease. The uncertain absorption from the 
gastrointestinal tract of some of the blocking agents 
listed in the tabic constitutes an additional diffi- 
culty, although this particular objection appears to 
be overcome by tnecamylamine (Inversine), which 
is completely absorbed. A significant advance in 
therapy is represented by the introduction of two 
agents, gucnethidinc and brcfylium fosylate, whose 
action is apparently specific for the postganglionic 
nerve terminals. In effect, the sympaffietic impulses 
are blocked, leaving unopposed parasympatbetic 
action, thus minimizing those undesirable side ef- 
fects of the ganglionic blockers which are specifi- 
cally related to parasympathetic blockade. Of these 
two agents, guanethidine appears to be somewhat 
preferable because of its more gradual and pro- 
longed action. The widespread use of the thiazide 
diuretics to potentiate the action of other hypoten- 
sive agents is another significant advance. There 
appears to be little difference between the various 
substituted thiazides except in the dosage required. 
One exception to this is the drug chlorthdidone 
(Hygrotron), whose action appears to be more 
gradual and prolonged than the other thiazides. 
Sympathetic blockade usually results in a decrease 
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in peripheral resistance, with decreases in cerebral 
and renal blood flow. Frequently, the cardiac out- 
put may fall. For this reason, these agents may be 
hazardous in cerebral, renal, and coronary vascular 
disease. Since the blood pressure fall produced by 
these agents is most marked in the upright pt»ition, 
it may be of value to test their effects upon the 
electroencephalogram and the clectrocardio^m, 
uhen the desired fall in blood pressure is achieved 
by gradual assumption of tlie upright posture on 
a tilt table. Decreased sensitivity or tolerance to 
all these agents has been reported. Because of its 
effect in increasing renal blood flow, Apresolinc 
may be an important adjunct to the use of the 
blocking agent The increase in renal blood flow 
which occurs with Apresoljne, however, is not en- 
tirely consistent and results in part from increased 
cardiac output, in wliich the renal share of the 
cardiac output may be actually increased. The pro- 
duction of a spdiome resembling rheumatoid ar- 
thritis and disseminated lupus erj-tlrematosus with 
the prolonged use of Apresolinc is now well docu- 
mented. Although, usually, this syndrome is re- 
versible sviih cessation of therapy, in a few in- 
stances persistence of the disease has occurred fol- 
losving cessation of the drug. 

The thiazide diuretics potentiate the action of 
other anlihypertensivc drugs tlirough their nalu- 
retic action and, possibly, through some direct ac- 
tion on the vasculature. The various substituted 
thiazides differ in dosage, but are essentially similar 
in their mode of action. The one exception is cWor- 
thabdone, whose action is more prolonged, requir- 
ing only a single daily dose, varying from 100 to 
600 mg. 

Dramatic and unquestioned therapeutic results 
have been obtained >vith the use of these sub- 
stances. They are toxic and dangerous in excessive 
dosage, however, and the margin bet\\’een the toxic 
arid the therapeutic dose is relatively narrow, 
hence, all such therapy should be begun fa the hos- 
pital. The hypotensive agents selected should be 
administered initially in less than effective dosage 
and increased slowly, until either the desired thera- 
peutic effect or toxicity superx’enes. As with Insulin 
therapy it may be wise, under controlled conditions 
in the hospitd, to familiarize the patient 'vith mild 
toxic effects so that they can be recognized. Alter- 
nate dosage with the initial agent and one of (he 
others, or preferably the potentiation of the depres- 
sor effect of the Initial agent by the addition of 
small doses of another drug, may increase the de- 
pressor effect while decreasing the side effects 
inherent in both. Such a combination, too, may 
minimize the effect of tolerance to either agent. Ex- 
perience suggests that the concurrent use of two 
or three of these agents with different sites of action 
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may be the melliod of choice. When the patient’s 
dosage has been established in the hospital, he may 
be seen at less frequent intervals on the outside, 
and the therapeutic effects may be increased with- 
out Increasing toxic effects by the addition of a 
third agent or by the substitution of a new agent 
for one of the two when tolerance becomes appar- 
ent Potentiation of depressor effect can be achieved 
also by decreasing the sodium content in the diet 
Cessation of therapy should never be abrupt, since 
dangerous hypertensive rebounds may result. The 
necessity for carefully controlling the use of these 
agents carries with it the disadvantage of making 
the patient drug conscious and blood pressure con- 
scious. Once he has become familiar with the drugs, 
however, and confident of their therapeutic benefits 
he may learn to regulate them by taking his owm 
blood pressure in the same manner that an intel- 
ligent diabetic regulates his insulin by testing his 
mine. 

The presence of advanced renal failure contra- 
fadicates the use of the drugs listed here with the 
possible exception of small doses of Dibenzylme 
(10 to 20 mg t.i.d.). This appears to be useful in 
hypertension with renal failure, possibly through 
its action on unexcrcted pressor amines. In mild 
renal failure, large doses of leseipine (2 to 5 mg 
per day) or the combined use of ganglion block 
and Apresohne may be of value. In properly se- 
lected cases, an initial increase in nitrogen reten- 
tion may be followed later by improvement in renal 
function, altliougb at considerably decreased blood 
pressure levels. The sites of action of the various 
depressor agents arc shown schematically fa Fig. 
245-2. 

Surgical Therapy. In the past, interruption of the 
autonomic pathways by sympathectomy, particu- 
larly by the lumbodorsal technique of Smithwick, 
has pr^uced a convincing decrease in mortality in 
some severe cases of hypertensive vascular disease. 
This treatment should probably be reserved until 
after drug and/or dietary treatment has been tried 
and failed or been rejected. In this sense, its value 
has the same relationship to medical therapy as 
does die surgical treatment of peptic ulcer. Unde- 
sirable side effects of sympathectomy are postural 
hypotension and disturbance of se.xual function in 
the male. Renal failure, cerebral vascular accidents, 
and congestive heart faUure are contraindications. 
Bilateral total adrenalectomy as a treatment for hy- 
pertension is stiff in the process of evaluation, but 
may be of value in intractable congestive heart fail- 
ure with minimal renal functional impairment. 

Pyrogens. It has been reported that a prolonged 
course of high fever induced by the intravenous 
administration of pyrogens maybe effective in some 
cases of malignant hypertension. This is drastic 
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treatment for a drastic disease state, and should be 
carried out only under the supervision of those with 
some degree of experience in this technique. 

Treatment of J/ypertensice EncepfioiopofAi^. The 
incidence and clinical picture of hypertensive en> 
cephalopathy have been described earlier in this 
chapter. Although in certain cases h)'per\'olemia 
may contribute greatly to the abnormality, the com- 
mon denominator is hypertension due largely to 
generalized vasospasm. It is rational, therefore, to 
attempt to lower the diastolic blood pressure by 
pharmacologic means. This may be done effectively 
in children, and in a small percentage of young 
adults, by the intramuscular injection of a 50 per 
cent solubon of magnesium sulfate, fn doses of 0 2 
ml per kg body weight. This may have to be re- 
peated several times at 4-hr intervals, to keep pres- 
sure at satisfactory levels, following which the oral 
administration of 13 to 30 ml of 50 per cent mag- 
nesium sulfate h%o to three tunes a day may satis- 
factorily control the blood pressure. If intravenous 
injection is necessary, a 3 per cent soluUon of hy- 
drated magnesium sulfate may be given slosvly; 
150 mg of the salt per kg of body weight is given 
over a period of 1 hr. TTie effects of ovenlosage 
(somnolence, respiratory iliOiculty) may be eoun- 

V leractcd by the administration of a 10 per cent so- 

) 


lution of calcium gluconate by vein. Oxygen ther- 
apy, sedabves, and occasionally, venesection and 
spinal tap may be useful. Dramatic results have 
observed with the use of intravenous or in- 
tramuscular protoveratrine or with large doses (2 
to 5 mg of parenteral reseipine), and with the con- 
tinuous drip of an aqueous solution of trimethaphan 
(Aifonad), a rapidly acting, short-lived ganghonie 
blocking agent whose effect by this route can be 
easily controlled by the rate of the drip. 
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ARTERIOSCLEROSIS 

William Dock 

The pathologist recognizes many types of arte- 
riosclerosis, but clirucal disorders due to noninfec- 
tious, noninflammatory arterial disease result mainly 
from atherosclerosis. Even with this condition, path- 
ologic lesions may be \videspread and the x-ray 
may reveal chalk in the aortic knob, the coronary 
arteries, or the abdominal aorta and its main 
branches, with not the slightest impairment of 
bodily function. 

The media of the arteries of men and animals 
show varying degrees of loss of muscular and elastic 
elements as age advances, and with this the vessels 
become tortuous and dilated. This change, affecting 
temporal and spletuc arteries and the aorta, may be 
well advanced by the fourth decade of life. A simi- 
lar change in the walls of the veins predisposes 
them to varicosity and to formation of hemorrhoids. 
But in the arteries neither this medial change nor 
medial calcification, which is less frequent and oc- 
curs later in life, leads to occlusion of the lumen 
or rupture of the wall. The involutional changes in 
the media have few or no clinical sequelae. 

IVhen age or involution of parenchymal or mus- 
cular organs leads to atrophy or, in the brain, to 
progressive loss of neurones, the vascular bed atro- 
phies and the intima proliferates. A lumen adequate 
for the needs of the shrunken organ remains, but 
intimal thickening, free of lipid and physiologically 
harmless, may lead the unwary pathologist to as- 
enbe atrophy to arteriosclerosis. "Ibis is most often 
said of the cerebrum; in the uterus or ovaries atro- 
phy is accepted as a "normal” concomitant of aging 
and not blamed on intimal thickening, which is 
secondary to disuse. 

All the changes mentioned above are seen in 
aged mammals; they are usually bilaterally sym- 
metrical and widely disseminated or diSuse. Thb 
contrasts strikingly with the patchy atheromas, 
lipid-rich intimal thickenings, which occur very 
rarely in aged wild or domestic animals or even in 
primitive or wry poor populations but are apparent 
by the age of forty in the bodies of most prosper- 
ous people, on the diets usual in North America 
and Western Europe. As noted by Lober, the proc- 
ess of lipid deposition in ibc intima of coronaty 
arteries begins with suckling and in our culture 
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continues throughout life. In rabbits, and in most 
human populations, bpid deposition ends with 
w'eanmg, and the deposits are reabsorbed during 
growth. 

Many species of birds and mammals, well fed and 
growing old in the crowded zoos, have atherom- 
atous arteries, and wild omnivorous baboons have 
similar lesions. Occlusion of large critical arteries, 
such as the coronaries and cerebrals, is extremely 
rare in such instances. In India and in Morocco 
coronary disease, uncommon even in the prosper- 
ous, is very rare in the mass of undernourished 
people. These differences in incidence in the rich 
and poor were striking in America before 1920, 
and also in Russia, where they led Ignatovsl^' to 
feed rabbits eggs and butter, and thus initiate the 
experimental production of atheroma by dietary 
manipulation, in 1907. 

DIET, PLAS^U LIPIDS, ATHEROSCLEROSIS, 
AND THROMBOGENESIS 

In ti)e past rivo decades it has become evident 
that diets rich in saturated fats (beef, butter, coco- 
nut oil) cause an elevation in plasma lipids, includ- 
ing phospholipids, triglycerides, and cholesterol 
Unsaturated fats (com or cottonseed oil, fish oils) 
and low.fat diets barely adequate to meet caloric 
needs cause a fall in these lipids. Human popula- 
tions, shifted from diets rich in saturated fats to 
those low in these items, show a fall in rate of post- 
operative thromboembolism and in myocardial in- 
farction. Negroes living on low-fat diets in Uganda 
and coming to necropsy at ages over forty, had less 
than 10 per cent the incidence of myocardial scars 
and infarcts or thrombi in veins and lungs as Ne- 
groes of the same age in Missouri, living on Ameri- 
can diete rich in pork, butter, and eggs. Rats on 
atherogenic diets (added cholesterol, bile salt, thio- 
uracil) developed a high rate of coronary and renal 
artery thrombosis if the dietary fat was butter, a 
very low incidence if fed the same amount of com 
oil. 

Diets rich in saturated fat cause the liver to ex- 
crete relatively bttle bile salt, a degradation prod- 
uct derived from cholesterol, and abundant choles- 
terol, whJe diets rich in unsaturated fats have the 
reverse effect. Cholesterol is constantly S)Tithesized 
by vertebrates, but the amount secreted in bile and 
reabsorbed from the gut has a large influence on 
the plasma lipid level. Because diets low in animal 
fat, rich in vegetable oil lead to secretion of abun- 
dant cholate, which has a detergent-bke action and 
tenders cholesterol more soluble, cholesterol stones 
rarely form in those adhering to such diets. In 
populations living on diets rich in animal fat, as in 
North America, there is a variation in plasma clio- 
Icstoml, in healthy adults, from 150 mg per 100 
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ml to above 600. Levels o\er 300 usually indicate 
familial hjperlipcmia, with high trigljcrride levels 
in most cases, or pure familial hj'perdiolesterolcmia. 
Such patients, on low-fat cholesterol-free diets, 
ha^e daily biliary excretion of cholesterol higher 
than those w’ith plasma cholesterol levels under 
250 mg per 100 ml. Fortunately, many of the hy- 
perlipcmics show a striking drop in all lipid frac- 
tions on diets with a liberal intake of polyunsatu- 
rated fatly acids. 

Cholesterol added to diets merely augments fhe 
effect of tbe saturated fats in some species, but in 
rabbits and chicks cholesterol alone, added to a diet 
rich in unsaturated fat, raises plasma lipid and 
causes rapid atherogencsis. Since most of the cho- 
lesterol-rich foods (brain, egg yolk, butter) also are 
rich in saturated fats, tlie "low cholesterol diet” 
emphasized by some phjsicians before 1950 was 
also a diet low in saturated fat and in many patients 
did actually reduce plasma lipid levels. Today, sub- 
stitution of com or cottonseed oil for butter, and 
fish for beef and pork, is usually recommended and 
has proxed more effective than low-fat diets. 

^^'hde diet and elevated levels of cholesterol and 
triglyceride are of established Importance both In 
atherogencsis and tlirombogencsis, many remark- 
able deviations from a simple diet plasma lipid 

vascular disease pattern remain unexplained 
Thus baboons develop atlicromas with blood cho- 
lesterol lexcls of 40 to 100 mg per 100 ml, rabbits 
only when the level is over 150, dogs only when it 
is over 400 mg per 100 ml. The a-lipoproteins of 
tlie plasma stabilize or hold in solution triglyceride 
while /3-lipoproteins, poorer in leatliin and phos- 
phorus, appear to form atheromas. Dog plasma has 
a relatively low ratio of /8- to a-lipoprotein. In man 
atheromas form slowly or not at all at levels under 
IGO mg per 100 ml, but they form more rapidly m 
infants and in adolescent boys, and In Negro but 
not in white girls, than in senescent people whose 
blood cholesterol levels are higher. Thrombogencsis 
Is; of course, very rare in infants and adolescents, 
but common in mature people living on diets rich 
in animal fat. Hyperlipemia accelerates clotting, but 
only to a very slight degree. It does, howcv’cr, sig- 
nificantly retard fibrinolysis, and its effect in throm- 
bogencsis, in veins or diseased arteries, seems 
mainly based on interference with clot lysis. 

Other known factors in raising plasma hpids are 
intense emotion, adrenal corticosteroid, ACTH, and 
fat mobilizing hormone of hyi>ophyscal origin Epi- 
nephrine also acts, in part through stimulating re- 
lease of these factors, to raise levels of uncsterlficd 
fatly acid, Ingljcendc, and cholesterol in the blood. 
Osier and others cmpliasizcd the effect of "lives of 
high tension” m hastening vascular disease. The ef- 
fects of intense emotion in raising plasma choles- 
terol were reported from Walter Cannon’s labora- 
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tory in 1930, and recent workers have demonstrated 
that emotional burden or response to competition 
raises plasma lipid and sliortens clotting time. On 
the other hand, muscular exercise greatly increases 
fat combustion and lowers plasma lipid levels as 
do elevated levels of thyroid hormone, although the 
latter augments epinephrine action and emotional 
response to tlie environment. 

Heparin activates or hberales lipoprotein lipase 
and hastens the solution of the chylomicra which 
make plasma hazy alter a high-fat meal. Lipopro- 
tein lipase levels, and plasma heparin levels, are 
reported to decline in the aging human, and to be 
lower In those with coronary disease than in con- 
trol sublets of the same age. Albumin serves as 
carrier for the fats released by lipase, and in hypo- 
albumincmia tins mechanism breaks down, leading 
to liyperlipcroia and hypercliolesterolemia. In ob- 
structiv'c jaundice, plasma lipids rise to extremely 
high levels, but tbe plasma is clear because of the 
high level of a-hpoprotein, rich in lecithin. The 
clear iclenc plasma becomes cloudy with fat drop- 
lets if lecithmase is added. Neither atherogencsis 
nor thrombogenesis is initiated by the intense hy- 
perlipemia caused by obstructive jaundice, but 
many xanthomas may appear in the skin. 

Diabetes includes several types of disturbed me- 
tabolism. Pancreatic insufficiency. In rabbits and 
probably in men, does not greatly alter otherogene- 
sis. But the more common type of diabetes, with 
intact or hypertrophied pancreatic islets, does cause 
hyperlipemia. Even when subdinical in severity, it 
may lead to precocious atherosclerosis, and many 
cases, wcU-eontrelled by insulin, develop remark- 
able arteriolar atheromas, in the kidney and retina, 
as well as clinical evidence of coronary disease or 
impaired circulation in the legs. These lesions de- 
veloped rapidly when diets rich in animal fat were 
used in juvenile diabetics. They can be arrested or 
reversed by diets low m animal fat. 

^Vhlte men are far more prone to coronary occlu- 
sion before the age of sixty than white women, and 
white boys show far more rapid lipid disposition 
in the coronary arteries and aorta during adoles- 
cence than do white girls. In American Negroes 
there is no such sex ddFercnce. The ratio of (i- to 
n-bpoprotem in white males is higher than in fe- 
males, and can be reduced by estrogen therapy. 
This does not occur in mjTccdemalous patients, and 
the effects of androgens, estrogens, and thyroid hor- 
mone seem interrelated. It is also known tliat ado- 
lescent white boys in America greatly increase their 
intake of animal fat during adolescence, while girls 
do not. Finally, there are anatomic differences in 
the intima of the coronary arteries of while males 
and females, even at birth, which m.iy contribute 
to the more rapid evolution of obstructive disease 
in young men. 
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HYDRAULIC AND ANATOJHC FACTORS 
IN ATHEROGENESIS 

One of the most striking features of athero- 
sclerosis is the spotty distribution of lesions and the 
variation in severity in different vessels in different 
bodies. One person may have extensive, almost 
xanthoma-like disease of the coronary arteries in 
the epicardial fat, with none in deeper muscular 
branches, and only a few small plaques in the ab- 
dominal aorta. Another may have severe ulcerated, 
thrombus-covered plaques in the abdominal aorta 
and iliac artery, with rare and small coronary le- 
sions Or the favored site may be the internal ca- 
rotids, the basilar and cerebral arteries, or the leg 
vessels below the popliteals. The rarity of pulmo- 
nary aiterial lesions, except with pulmonic hyper- 
tension, and of disease of branches of the brachial 
aiteries, as compared with that in femoral branches 
indicates that high intraarterial pressure as well as 
hydraulic stresses at bifurcations favor plaque for- 
mation. In animals and man, hypertension acceler- 
ates alherogenesis. Vessels damaged by syphilis, 
tuberculous meningitis, or pericarditis also develop 
severe lesions in Americans, but not in poor Chi- 
nese on diets of millet and soybeans. The intimal 
struts of loose connective tissue with longitudinal 
muscle Hbers, peculiar to tlic coronary arteries and 
larger in males than females, seem to be par- 
ticularly important in predisposing these vessels to 
atheroma. Because these struts or cushions of thick 
Intima vary greatly to individuals, it is not surpris- 
ing that some of us die of coronary disease with few 
other lesions, while others, with marked byper- 
cboksterolcmto, only show aostso lesions at seventy 
or eighty. It is for this reason that "coronary in- 
dices,” based on plasma lipid levels, are of little 
value in individual cases, while family histories of 
frequent cerebral or coronary accidents correlate 
well with higher risk of similar lesions in the off- 
spring. 

One may summarize the human problem of path- 
ogenesis by saying that, in countries with under- 
nourished populations, atherosclerosis is a disease 
of the rich and well-fed; in well-nourished coun- 
tries, it favors men and women competing most 
fiercely for status. Yet, to some fields of business 
(telephone, insurance), coronary rates are lowest in 
executives, highest among the clerks. 

Tobacco, which acts much like epineplwine, ac- 
celerates atherosclerosis, but part of the hi^cr 
death rate from coronary disease among smokers 
may be due to the fact that tense competitive peo- 
ple seek sedation from smoking. Malnutrition plus 
constant alcoholic intake damages cholesterol syn- 
thesis and spares the arteries, but acute alcoholism 
or even the daily intake of one or two ounces of 
alcohol increases hepatic synthesis and raises plasma 
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levels of cholesterol and fat. M'lien it is recalled 
that eggs and milk, like alcohol and nicotine, are 
not biologically normal foods for weaned mam- 
mals, it can be seen that our present know'ledge 
confirms Osier’s statement; ‘‘Angiosclerosis is the 
Nemesis through which Nature e.xacts retributive 
justice for the transgression of her laws.” : 

RECOGNITION AND MANAGEMENT 
OF ARTERIOSCLEROSIS 

Necropsy showed that 50 per cent of American 
soldiers, dying of wounds at an average age of 
hventy-tu'o years, had grossly apparent athero- 
sclerosis. By age fifty this rises to over ninety per 
cent, and nearly 50 per cent have marked narrow- 
ing of one or more main coronarj' arteries. The 
physician’s problem is not to diagnose or exclude 
arteriosclerosis but to determine which patients 
have experienced or are seriously threatened by 
occlusion of vessels capable of causing disability or 
death. 

When this disease was regarded as a relentlessly 
advancing degeneration, for which there was no 
remedy, the diagnosis merely added a new emo- 
tional burden of frustration and fear. This accel- 
erated the progress of the disease. Now that many 
physicians and la)’men accept tlie idea that ntliero- 
sclerosis and thrombogenesis may be halted by 
change in way of life, by drugs that alter plasma 
lipids and by others that retard intravascular clot- 
ting, the diagnosis carries a different meaning 
Because many public figures are kmown to be active 
and effective years after serious vascular accidents, 
the need for leassutance is lessened and the efftt- 
liveness of sound medical advice is much greater 
than it was in 1955, when most physicians and text- 
books began to reflect the knowledge gained Since 
Ignatovsky’s experiments in 1907. . 

Significant arteriosclerosis is diagnosed by ex- 
cluding embolic, arteritic, or congenital \ascular 
lesions in patients witli such disorders as angina 
pectoris, myocardial infarction, hemiplegia, i/ilcr- 
miltent claudication, and other focal ewdcnce of 
tissue ischemia, or by observing retinal hemorrliagc 
or exudate without embolic or hematologic basis. 
Roentgen study may reveal chalk, or palpation of 
peripheral vessels may demonstrate calcification in 
arteries when none of the above disorders exists. 
Diabetes, hypertension, or very high pkisma lipid 
levels without jaundice may indicate unusual risk 
of vascular occlusion in individuals with faultless 
organic function. Present-day’ roentgen angiography, 
with contrast media, permits acairatc study of the 
extent and Severity of vascular lesions duo to 
arteriosclerosis and has proved invaluable in the 
study' of cerebral disease, aortic or renal arterial 
obstruction, and coronary' sclerosis. These studies 
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cany some risk, they ore expensive and uncomfort- 
able, so that they are used only when clinical find- 
ings suggest that surgical lnter\-ention to improve 
function should be considered. 

Renal arterial obstruction causing hypertension, 
like coronary disease, may be the only significant 
arterial lesion. Such lesions may be due to trauma, 
but most of them comprise atheromas. Careful 
abdominal auscultation in a x-ery quiet room may 
reveal bruits arising in renal stenosis, and separate 
functional study of both kidneys may indicate uni- 
lateral renal disease, probably vascular. Angiog- 
raphy is usually of critical value in identifjing these 
lesions. 

Some patliologists believe th.it renal arteriolar 
lesions precede and cause arterial hypertension in 
most cases now called essential or tamili.al hyper- 
tension This is difficult to accept in those persons 
whose hypertension remains benign, with no retinal 
or renal damage, after decades. Unexplained heart 
failure should not be diagnosed as coronary disease 
ox “aitciiosclerotic heart,” nor unexplain^ hyper- 
tension labeled "renal arteriosclerosis,” nor loss of 
mcmoiy or personality change accepted as "cerebral 
arteriosclerosis." Other causes must be carefully 
excluded before arterial obstruction is blamed, and 
m doubtful cases roentgen study may be necessary 
to confirm this impression, in cases where en- 
darterectomy offers possible relief of ischemic pain, 
recurrent paralysis, or renal hypertension. 

Medical management, aimed to establish col- 
lateral circulation to the legs or the myocardium, 
and to retard or reverse occlusive disease, includes 
regular quiet exercise as well as diets low in animal 
fat, drugs such as nicotinic acid, and the newer 
synthetic drugs which impair cliolesterol synthesis, 
heparin whicli affects both lipid le\els and coagula- 
tion, and agents which impair prothrombin produc- 
tion Because of expense and inconvenience, heparin 
i« rarely used over long periods, but coumarin ana- 
logues in doses adequate to hold prothrombin at 
one-quarter or less of its normal level have been 
widely used for years Claims for its ^’aIuc often 
cite "control” death rales in angina or healed mjx)- 
cardial infarction which are much higher than those 
reported in large series of untrc.nted patients in 
most clinics. Controlled studies, in Norxvay and 
England, indicate very modest success for such a 
pre\enti\e antiprothrombin regimen. Patients are 
greatly reassured and anxiety is reduced when 
physicians treat them with confidence, with cither 
drugs or diet, so it is unwise to advise discontinu- 
ing sucli a regimen when a patient has accepted 
it. 

The conserx'ative, or Hippocratic, management 
is to persuade patients to accept a sane diet and 
way of life, \vith minimal use of tobacco, alcohol, 
dairy fat, eggs, and stall-fed beef or pork, and 
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minimal use of drugs. Page’s experience indicates 
that, in most men, vegetable oil diets arc more 
effective than low-fat diets in lo^ve^ing triglyceride 
levels, but in women this is less often the case. For 
those who prefer expensive substitutes for familiar 
foods, one may obtain in England all sorts of dairy 
foods made from skim milk and com oil; presum- 
ably the larger American market will eventually be 
supplied by the less enterprising dairy industry 
here. Margarines are now marketed willi com or 
cottons«;d oil base. There is so little difference in 
tlie hydrogenated fat added to solidify various 
margarines advertised for lowering cholesterol, that 
taste and cost rather than relative unsaturalion 
should determine the choice of these. 

When cholesterol levels remain over 200 mg per 
100 ml on such a regimen, 2 to 6 Gm of nicotinic 
acid daily, the cholesterol depressant triparanol 
(MER-29), 200 mg daily, deslrothyroxin, 2 to 8 
mg or USP thyroid extract, 60 to 180 mg daily, may 
prove effective. All the drugs have maximal effect 
when a proper diet is used, but all may be of value 
ih those who cannot or sviU not diet. Ofter combina- 
tions prove effective, using two agents, each in 
doses below levels which evoke unwanted effects. 
As therapy may be needed for years or decades, 
the physician must delennine oy trial in each 
patient which effective drug or combination is 
least troublesome and least expensive. The flush due 
to nicotinic acid at the start of treatment is ac- 
cepted when patients feel that this is good to main- 
tain a youthful skm, but peptic ulcer, gout, and 
glycosuria, though rare, may bar use of tms agent, 
winch lorvere triglycerides as well as cholesterol. 
Triparanol may cause indigestion or other unac- 
ceptable symptoms. Thyroid extract and, even more 
often, dcxtrothjTOxin may be very effective in 
altering lipid levels at doses which cause no rise in 
heat production and no angina oven In coronary 
disease. Both cause more symptoms at high dosage 
in myxedematous than in euthyroid subjects. 

With no change in way of life, such famous phy- 
sicians as John Hunter, James MacKenzie, and 
Frank N. M'llson lived active liv'es for ne.irly two 
decades after myocardial infarction, so that one 
licsitates to start on perennial therapy bold patients 
who are more stressed by restrictions or drugs than 
by the risk of the untreated disorder. Some men, 
who are intolerant of tlio brief “sun-burned” feeling 
which occurs at the start of nicotinic acid therapy, 
unhesitatingly face the pain of thoracotomy and the 
relatively high mortality (over 25 per cent) of the 
pioneer coronary endarterectomies. Many other pa- 
tients are delighted to accept any inconvenience in 
order to diminish the risk of progressive vascular 
disease, so long as they can avoid operation. Osier's 
dictum, “It is often more important to know what 
sort of pabent has a disease than to know what sort 
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ol disease a patient lias," applies with unusual force 

to the management of patients with significant 

arteriosclerotic lesions. 
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DISEASES OF THE AORTA 

Yiclor A. McKtisicfc 

DISSECTING ANEURYSM OF THE AORTA 
Cystic Medial Necrosis. This is the most frequent 
morphologic substrate of dissecting aneurysm. It is 
not the only structural change which can lead to 
dissection, and conversely it can produce clinical 
manifestations in the absence of dissection. Cystic 
medial necrosis aiipeais to be a nonspecific change 
in the aorta in response to hemodynamic stresses. 
The frequency with which it is found at autopsy 
increases with the age of the group studied, (Thie 
age distribution of cases of dissectmg anemysm is 
similar.) Its anatomic distribution is also character- 
istic, being most marked in the ascending aorta and 
decreasing progressively as one passes farther from 
the aortic valve, especially beyond the vessels which 
branch at the aortic arch. Hypertension accelerates 
the development of cystic medial necrosis. Further- 
more, cystic medial necrosis and dissecting aneu- 
rysm are rather frequent complications of coaicla- 
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tion of the aorta. The hemodynamic changes 
produced by aortic stenosis and regurgitation ac- 
celerate the development of cystic medial necrosis 
in the ascending aorta. In the genetically defective 
aorta — that of the Marfan syndrome (p. 18S4) is 
the only clear example one can cite — the ordinary 
hemodynamic stresses lead to early development of 
cystic medial necrosis, especially in the ascending 
aorta, with progressive dilation and/or dissecting 
aneurysm. (In all dissectmg aneurysm, the intimal 
rent occurs most often in the ascending aorta-) All 
these features suggest that cystic medial necrosis is 
a relatively nonspecific morphologic expression of 
"wearing-out” of the aorta in response to hemo- 
dynamic stress, The stress to which the ascending 
aorta is particularly subject is repetitive expansile 
pulsation. With each heart beat the ascending aorta 
is subjected to greater expansile pulsation than any 
other part of tlie aorta, especially more than that 
beyond the aortic arch. 

Syphilitic aortitis does not lead to dissection nor 
does atherosclerosis per se. 

Dissecting aneurysm occurs more commonly in 
men. Under the age of forty years, approximately 
half the instances of dissecting aneurysm m women 
occur in relation to pregnancy. Hormonal chi»nges 
associated with pregnancy seem to be responsible 
for effects on connective tissues, including those of 
the aorta. 

Usually from an intimal tent in the ascending 
aorta, dissection extends proximally to the aortic 
ring and distally for a variable distance. (Occasion- 
ally an intimal rent is absent. Bleeding into the 
mwia from vasa vasorum is obviously important in 
such cases and probably is important in the initia- 
tion of most cases. Hence the s)’nonyms for dissect- 
ing aneurysm: medial hematoma and dissecting 
hematoma of the aorta.) ’’Reentry" may take place 
at some site, such as just beyond the left subclavian 
orifice or in the abdominal aorta, with creation of a 
"double barrel aorta.” Prognosis is better in such 
cases. The dissection may extend for a considerable 
distance into one or several of the branches of the 
aorta, from the coronary arteries to the ibac arteries. 
The proximal dissection may distort the aortic ring 
and result in aortic regurgitation. (Cystic medial 
necrosis antedating the dissection may have resulted 
in dilation of the sinuses of Valsalva and aortic 
regurgitation.) Rupture of the aorta into the peri- 
cardial or pleural cavity occurs in a majority of 
cases, although other sites of rupture such as the 
transx’eise portion of the duodenum are occasionally 
observed. Rupture into the pericardial sac is not 
surprising smee the peiicaidial deflections extend 
hi^ on the ascending aorta in many persons. 

The clinical manifestations of dissecting aneu- 
rysm can be classified as follows: 

1- Pain 
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2. Aortic regurgitation 

3. Interference «ith the blood supply through 
branches of the aorta 

•1. X-ray c\klciicc of progressive widening of 
the aorta 

5. Rupture of the aorta 

In addition, tissue dcstniclion may be of suffi- 
cient proportions to produce mild fever, leukocj’to- 
sis, and elevation of sedimentation rate. 

The pain of dissecting aneurj'sm is sometimes 
described as tearing in quality. It is questionable 
that its quality is truly different from that of 
coronar)' occlusion. Characteristically it attains peak 
intensity very shortly after onset. It may involve the 
anterior chest, back, lumbar area, or abdomen, 
sometimes in a progression. Dissecting ancunsm 
may occur, however, with little or nothing the 
patient describes ns pain Tlie blood pressure may 
drop precipitously during the dissection, but main- 
tenance of hvpertension or increased blond pressure 
in response to tlie pain is often the finding. 

The most frequently observed evidence of dis- 
turbance at the orifices of the branches is dis* 
crepanc)’ in the pulses and blood pressure readings 
in the arms As) mmelrical diminution in these may 
occur. The same observations may be made in the 
carotid and femoral vessels M)ocardia( infarction 
or changes of myocardial ischemia, neurologic signs 
from Interference with cercbr.vl and/or spinal blood 
flow, intestinal s)Tnptom$, and hematuria may 
occur. 

Rupture of the aorta is, of course, usually fatal. 
However, in rare instances leakage into the peri- 
cardi.il cavity may be interrupted and tlic patient 
survive for months or even years. The chest pain, 
togctlior with a pericardial friction rub, can indicate 
the presence of leaking dissecting aneurysm hours 
before the leak procectls to the point of producing 
cardiac tamponade 

In the differential diagnosis of dissecting aneu- 
rysm, myocardial infarction and pulmonary embolus 
present the greatest problems. Pain reaching a 
rapid peak of intensity, especi.illy if follovvcd within 
minutes or hours by signs of arterial occlusion, 
favors the diagnosis of dissecting ancury-sm. Un- 
consciousness may result from involvement of the 
cephalic trunks in the dissection and is unusual In 
myocardial inf.vrction in the absence of severe hy- 
polcnsion or onhythmia. The maintenance of arte- 
rial hypertension lavors dissc-cling aneurysm, al- 
though profound hypotension can occur in both 
dissection and myocardial infarction. 

Only a few eases sonive more than a few days 
after on acute dissection. .Most of the survivors stic- 
cuml) to rupture of the aorLi or other c-omphcatlons 
within a year. Surgical treatment ii in its infancy. 
The ingenuity of the surgeon will iindnublcdlr per- 
mit, in the future, correction of the aortic lesion In 

) 
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a la^er proportion of cases. Pharmacologic hypo- 
tension in those cases with maintained liypcrtension 
during the acute dissection has a rational place in 
treatment of the early stages. 

Cystic medial necrosis sometimes results in aneu- 
rysm, usually of the ascending aorta, without dis- 
section. The clinical beliavior resembles syphilitic 
aneurysm in many respects. In other 0 . 1505 , aortic 
regurgitation is the main and presenting problem. 
Surgical treatment has been successful in some of 
these instances. 

SYPHILITIC AORTITIS 

Syphilitic involvement is limited largely to the 
thoracic aorta, particularly the ascending aorta. 
Syphilitic cardiovascular disease rarely occurs in 
persons who fiave had syphilis for less than 20 y cars 
or in those who rcceiv'cd even a moderate amount 
of antisyphilibc treatment in the early stage of the 
infection. On the other hand, so great is the predi- 
lection of Treponema pallidum for the aorta that a 
majority ot untreated eases have involvement of 
that vessel. Fortunately, the frequency of syphilitic 
cardiovascular disease has decreased markray in 
the I.vst decade. 

The predominant localization of syphilitic ch.inge 
to the ascending aorta may be the result of the 
combination of the particular hemodynamic stress 
(see Cy’stic Medial Necrosis, p. isfe) with the 
medial <lamage by the treponemal infection. Other 
explanations are probably less satisfactory'. 

Aortic regurgitation, fusiform aneurysm, or sac- 
cular aneurysm can result. Syphilitic aortitis un- 
complicated by any one of these three may Ivctray 
its presence by a change in the quality of the 
aortic second sound usually referred to as “tarn- 
bouric" (scarcely a pathognomonic sign, however) 
and by the presence of intimal, shell-hkc calcifica- 
tion in the first part of the ascending aorta. In some 
eases this calcification even extends proximally to 
outline the sinuses of N'alsalva Atherosclerosis alone 
usii.illy does not produce calcification in the first 
part of the a.sct*nding aorta. Tlie primary lesion of 
syqihihtic aortitis is medial, but intimal athero- 
sclerosis is accelerated by the damage to the media 
Occlusive change in the ostia of branch arteries, 
such as the coronaries witli production of angina 
pectoris or the aortic arch vessels with production 
of the aortic arch syndrome (p. 1367), occurs by 
a similar mechanism. 

Syphilitic aneurysms occur with diminishing fre- 
quency from the ascending aorta divtally toward 
the abdominal aorta. They may be single or multi- 
ple, diffuse or sharply localized, fusiform or sacai- 
lar, smooth-w-allcd or thrombus-filled. Symptoms arc 
bkcly to be due to compression (e.g., of the Iracliea, 
pulmonary artery, or superior vena cuva) or erosion 
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(c.g., of the sternum or vertebral column). Rup- 
ture into the superior %cna cava or pulmonary 
arterj’ may occur and the patient sur\'ivc for some 
time, U’idi dramatic physical findings. Sudden 
dentil may result from estcmal rupture or nipltirc 
into die trachcobrondual tree, pericardium, esopha- 
gus, etc. Happily, with improved public be-ilth 
control of s)-philis and with better treatment, 
sjphilitic aneuiysm may soon become a matter of 
no particular concern tn the clinician. 

There has never been convincing evidence that 
specific treatment given after the development of 
clinical signs of cardiovascular syphilis prolongs 
life. There is evidence that aortic regurgitation is 
more frequent in sj'phililic aortitis than previously 
tliQUght; however, the prognosis in these patienU 
is better than previously realized. 

Herxhcimcr reactions following closely after the 
administration of penicillin have been observed in 
early sjphilis in which fever may ocatr and In 
central nervous system syphilis in which fever and 
aggravation of mental disturbances m-iy be seen. 
Allhougli the occurrence (after penicillin treat- 
ment) of Herxhoimer reactions involving tlie coro- 
nary ostia rcm.nins to be established, ft is prob-ibly 
wise in a patient with cardiovascular syphilis and 
angina pectoris or electrocardiographic signs of 
myocarrli.il ischemia to improve the myocardial 
status ns much as possible before nnt!s}'pbilitic 
thempy and to institute such tlierapy only under 
conditions of optimal rest and obsen-ation. 

Surgical therapy for syphilitic aneurysms has 
made outstanding advances. 

ARTERIOSCLEROTIC ANEURYS.MS 

Arteriosclerotic ancur)-sms occur most frequently, 
although not exclusively, in the abdominal aorta, 
especially in that portion between the ostia of the 
renal arteries and the bifurcation. The patients arc 
usually men in the sixth and seventh decade of life 
or older. Both dilatation and buchhng of the aorta 
are usually involved, and the buckling is usually 
predominantly to tlie left. 

Manifestations include primarily pain in the back 
or anterior abdomen and a pulsatile abdominal mass 
which usually presents in the epigastrium. (As pro- 
jected on the anterior abdominal wall, the bifurca- 
tion lies at approximately the Icv'cl of the umbili- 
cus.) The patient may discover that the knee-elbow 
position relieves the pain. The diagnosis m.xy be 
obvious from ordinary x-ray films of the abdomen 
if an cggsliell-like or other calcification outlines the 
aneurysm. Aortograms can make the definitive ana- 
tomic diagnosis. 

Rupture of arteriosclerotic aneurysms is fre- 
quently tlie mechanism of death. Rupture is likely 
to begin in the ulceration of an atheromatous 
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plaque. Tliere is usually no more than short medial 
dissection. Rupture may resulf in the rapid dev'elop- 
ment of a mass in the left flank. The hematoma m-ay 
dissect rctroperitoncally into the groin and produce 
manifestations simukitlng incarcerated inguinal her- 
nia. Rupture into llic duodenum, another indication 
of the high location of these aneurysms, may occur. 

Arteriosclerotic aneurysm of the abdominal aorta 
has been treated surgically with success. Resection 
of the affected portion and replacement with aortic 
Iiomograft or a synthetic prosthesis has been per- 
formed. In the minority of cases in vvhidi tlie renal 
arteries and higher branches of the aorta are in- 
volved in tlie wall of the ancurj’sm, modifications 
of the basic procedure are necessary. 

AORTIC ARCH SYNDROMES 

(Pulseless Disease, Young Female S>mdrome, 

Takayasu S>’ndromc, Reverse Coarctation) 

Slowly progressive change can lead to partial or 
total obliteration of the major branches of the aortic 
arch. Intimal atherosclerosis alone can produce at 
le.i$t a partial aortic orcli syndrome, and it often 
collaborates with other factors such as syphilis and 
trauma in producing obliteration. Severe trauma 
to the upper chest, especially if the neck is ex- 
tended, may rupture elements of the media in the 
region of the ostia of the arch branches and thus 
lay the groundwork for progressive intunal athero- 
sclerosis at these sites. An inadequately understood 
progressive disorder occurs especially in young fe- 
males (or which reason the designation young /e- 
malc syndrome has been used. Histopathologically 
these cases have been characterized by collections 
of chronic inflammatory cells, including giant cells. 
In this disorder the obliteration of major branches 
is especially likely to be complete, and the designa- 
tion pulseless disease is particularly appropriate. 
Because of the absence of pulses in the upper part 
of the body with normal femoral pulses, the term 
reverse coarctation has also been apph'ed to this 
group of Conditions. 

In addition to the loss of palpable pulses, clinical 
m.'inifestations include easy fatigability of the arms, 
atrophy of the muscles and other soft tissues of the 
face, necrosis of the cartilaginous nasal septum, and 
cataract Systolic murmurs may be heard just abov e 
and below tlie clav’icles if die occlusion is partial. 
If tlie pressure proximal to the obstruction is at all 
times in the cardiac cycle higher than that distal to 
tlie obstruction, a continuous murmur simulating 
that of patent ductus arteriosus may be heard in 
the same area. Syncopal attacks, especially with 
quiet standing after exercise, also occur. 

Surgical replacement of the aortic arch has been 
performed in a few cases and will undoubtedly 
become increasingly feasible in the future. 
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TIinOMCOTIC OBLITERATION OF 
THE BIFURCATION OF TIIE AORTA 
(Lcriche S>Ddrome) 

The hifurcalion of ihe aorta is, lihe the hiforca* 
tion of tlie common carotid artery and the coronary 
arteries, an Achilles heel of the arterial tree as far 
as the development of atherosclerosis is concerned. 
Slowly progressive thrombosis at the bifurcation can 
result in complete obliteration of fhe aorta. The 
patients are usually men and may be as jnung as 
the fourth decade. Some of the patients have hj'per- 
cholesterolemia. The same clinical picture can re- 
sult from saddle embolism of the bifurcation, as in 
mitral valve disease or myocardial infarction, if the 
patient survives the acute episode and is not op- 
erated on early. 

The clinical manifestations of the Leriche syn- 
drome are (I) intermittent claudicabon, with pain 
in the low back or gluteal area which may be mis- 
taken for “sciatica”; (2) loss of the ability to main- 
tain a stable erection, because of the poor blood 
supply to the penis; (3) globose, that is, S)Tnmelri- 
cal, atrophy of the legs, which may be dilBcull to 
appreciate because of its symmetry; and (4) ab- 
sence of both femoral pulses. .Most of the patients 
have manifestations of atherosclerosis elsewhere — 
cerebral, coronary, aortic arch ostia — and hyperten- 
sion is frequent. Differentiation from coarctation of 
the aorta is afforded by feeling an aortic pulse in 
the epigastnum and by the absence of certain other 
signs of coarctabon such os notching of the ribs and 
dilated collateral vessels o\cr the thoro-r. Lateral 
x-ray views of the lumbar spine may reveal basket- 
like or other calcificaUon in the region of tlie bi- 
furcation. Aortograms can make the diagnosis 
definite. 

Surgical replacement of the aortic bifurcation 
with homograft or synthetic prosthesis has been 
attended with considerable success. 


TRAUMA OF THE AORTA 

PenebaUng wounds of the chest may be rapidly 
f.ata! because of puncture of the aorta Nonpenetrat- 
ing trauma to the chest, most commonly the steering 
wheel injuries in automobile accidents, may lead 
to rupture of the aorta. In over one-third of cases 
such rupture is just beyond the mouth of the left 
subclavian arter)’. If the victim survives the acute 
tear, a false aneurj-sm may result at lliis site. Sudi 
aneur)'sms are susceptible to surgical resection. As 
mentioned elsewhere (p. 1367), progressive obhtei- 
ation of ostia at the aortic arch with production of 
the aortic arch sjmdromc may be a late complication 
of bauma of particular tj'pe. 

> 
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AORTIC SINUS ANEURYSM 
Aneurysms may occur in the sinuses of Valsalva 
from s)’philis, idiopathic cystic medial necrosis, or 
a presumably congenital (ill-understood) basis 
Rupture into the right atrium or right venbicle may 
occur. Successful surgical closure has been effected 
in such cases. Aneurysm of the aortic sinuses usually 
with symmetric involvement of all three sinuses 
occurs as a characteristic feature of the Marfan 
syndrome. Such aneurysms rarely if ever rupture 
into the right heart. 

UNUSUAL FORMS OF AORTITIS 
Unusual forms of aortitis include mycotic aneu- 
rysm, such as that produced by aortic tuberculosis, 
temporal arteritis with aortic involvement, and 
granulomatous aortitis of the proximal few cen- 
tuneters in ankylosing spondylib's. 

Coarctation and other congenital anomalies of the 
aorta are discussed ekewhere (pp. 1430 and 1432). 
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OAQ VASCULAR DISEASE 
A^o OF THE EXTREMITIES 
Eugene A. Stead, Jr. 

SYMPTOMS AND SIGNS 

One should suspect peripheral vascular disease 
in a patient with the following symptoms and signs. 

1. Pain in an exbemity which is induced by 
exercise and relieved by rest; pain wliich is influ- 
enced by posbire, Is localized to one digit, is uni- 
lateral, or is paroxysmal 

2. Impaired pulsations of peripheral arteries 

3. Abnormal color of the skin, particularb 
when affected by raising or lowering of the part 

4. Gangrene, ulceration, impaired nail growth, 
sdcTodeima, excessive calluses, or paionjdiial in- 
fections 

5. Abnormal pukab'ons, enlarged veins, or 
edema 
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6. Unusual wannlh or coldness 

7. Swelling, atrophy, or difFcrcnce in length of 
extremities 

8. Auscultatory evidence of arteriovenous Hstula 

9. Localized systolic murmur over a large 
peripheral artery’ 

10. Cyanosis of digits when immersed in cold 
water 

11. Peripheral neuritis 

If tlic above signs and symptoms arc absent, 
peripheral s-ascular disease need not be considered. 

The arteries, capillaries, veins, and lymph vessels 
may be ins’olvcd separately or in varying combina* 
tions. The disturbances may be due to organic 
disease of tlic vessels or abnormal constriction or 
dilatation caused by dysfunction of the autonomic 
nervous system. 

DISTURBANCES IN ARTERIAL FUNCTION 

Special Points in History and Physical Examina- 
tion. Arterial insulBcicncy causes disturbances in 
nutrition to the part. Tlic follounng points in the 
history and examination are to be noted: 

ScniUivity to Cold tcith lilanching or Cyanosts 
of Digits. On examination, the part wiili arterial in- 
sufBcicncy may be colder than the corresponding 
part of the opposite extremity. 

H/ose/c and SWee Itchemto. Pain which develops 
in the muscles of the foot or calf on svalking and 
which disappears on rest is called inlcfmfdcnt c/au- 
dication. If exercise is contir\ucd after the pain 
appears, the muscles may become tender. In more 
sc\erc ischemia of the leg, pain may occur at test 
and be relieved by dependency. ITie pain of is- 
chemic neuritis is severe and diffuse, with severe 
exacerbations. Sharp shooting pains may dart 
through the entire extremity. The acute paroxysms 
are apt to occur at night. 

State of Peripheral Vessels. Presence or absence 
of femoral, popliteal, dorsalis pedis, and posterior 
tibial pulses is noted. Gangrene of the digits may 
occur without disturbances in these pulses. In the 
absence of a palpable pulse, the skin may show no 
evidence of malnutrition. 

Murmurs occr Peripheral Vessels. Pistol shot 
sounds are heard over the major vessels when the 
diastolic pressure is low and the stroke output high. 
Localized systolic murmurs arc heard over areas of 
narrowing produced either by disease of the blood 
vessel or by external pressure. When the vessel is 
narrowed, the local points of stenosis produce a 
murmur similar to that heard in aortic stenosis. If 
the diastolic pressure below the point of narrowing 
is low, either because of poor collateral circulation 
or because of wide vasodilatation produced by ex- 
ercise, a continuous murmur may be heard. With 
this exception and that of venous hums, continuous 
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nturmurs are commonly the result of an arteriove- 
nous communication. 

Blanching on Elevation; Redness and Cyanosis 
on Dependency. On elevation to a 90® angle, the 
part Incomes pale and at times while. The extent 
of tile pallor indicates the extent of the arterial in- 
sufficiency. If only the toes or a part of a toe is 
involved, the pallor is limited to the ischemic area. 
The color returns slowly on lowering the part to 
heart level. The pallor occurs on elevation because 
the blood in the capillaries and venules drains out 
of tiie part by gravity, and because the effective 
.arterial pressure is lowered by liaving to overcome 
the hy'drostatfe force of a column of blood extend- 
ing from the heart level to the elevated part. Some 
pallor on elevation will occur In a normal foot, but 
the pallor of arterial insufficiency is much more 
marked. 

Wffien the part hangs dow’n, the blood flow is in- 
creased temporarily over the horizontal position be- 
cause tlic hydrostatic pressure is added to the 
pressure cre.itcd by the heart. The increase in 
arterial pressure is effective until the veins fiU, Then 
it is opposed by an crjual column of blood on the 
venous side, and the pressure differential between 
artery and vein returns approximately to the differ- 
ential present in the horizontal position. The 
minute vessels of the part, being in a state of chronic 
injury because of an inadequate circulation, ore 
dilated. When those vessels first fill, they are red 
V'arying degrees of cyanosis gradually develop be- 
cause of the slow blood flow. 

Atrophic Changes in Skin and Edctna. The skin 
becomes thin and atrophic. Slight edema with loss 
of normal wrinkles is common. If the patient keeps 
the fool dependent day and night to relieve pain, 
pitting edema may develop from the combination 
of a high capillary pressure from xlepcndency and 
the damaged state of the capillaries caused by 
ischemia. 

Gangrene 

Infection, Devitalized tissue offers a good place 
for infccb'on to spread. When peripheral neuritis is 
present, infection may be more prominent than 
ischemia. Osteomyelitis may occur. 

Ncorologic Findings. Peripheral neuritis is a 
common complication of diabetes. Periarteritis 
nodosa and atterJoscleiDsis may cause neuritis be- 
cause of the interference with the blood supply to 
the nerves. In pDriaiteiitis, motor paralysis as well 
as sensoiy loss and pain is common. 

Occupation. There may be a history of unusual 
exposure to cold and dampness, Use of the pneu- 
matic hammer has been said to cause Raynaud’s 
phenomenon. 

Determination of Cause of Arterial Circulatory 
Insufficiency. If the findings are those of arterial 
circulatory insufficiency, it must be determined 
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whether the insufRciencj' results (1) from occlusive 
disease entirely, (2) from overnclMty of the sym- 
pathetic nervous sjstem, (3) from abnormal reac- 
tion of the blood %essels to cold, (4) from the effort 
of cold agglutinins or cr)'oglobu!ins on tlie physical 
state of the blood, or (5) from a combination of 
mechanisms. 

The constrictor effect of the autonomic nerv’ous 
system may be removed by paravertebral block of 
the appropriate sv-mpalhetic ganglion with procaine 
or by release of vasoconstrictor tone by body heat- 
ing. In either method, Uie patient, with body ex- 
posed, is placed in a cool room (temperature 18 to 
20‘’C). The body temperature may bo raised by 
enclosing the trunk in a heating cabinet or by 
immersing two uninvolved limbs in water baths at 
43°C for 40 min. When vasodilatation is produced 
in the upper extremibes by body warming or by 
blocking of the sjTnpallietic ganglion, the tempera- 
ture of the digits rises rapidly to between 30 5 and 
33*C. If the temperature rises to between 27 and 
29®C, there is moderate organic vascular disease. 
If no rise occurs or if the temperature falls, ad- 
vanced local arterial disease is present. Body warm- 
ing is the simplest and most effecbve method of 
relieving vasoconstrictor tone in the upper extremi- 
ties. It fails occasionally in the lower extremiHes. 
Therefore, if full vasodilatation does not occur, 
paravertebral block is indicated in the lower ex- 
tremibes. 


ORGANIC OBSTRUCTION 

Balance between Vessel Obstrvicllon and Vessel 
Formation. Obstruction of a large artery Is a strong 
stimulus for new vessel formation and collateral 
circulabon. The S)Tnptoms produced represent the 
result of the balance between these two processes. 
Complete obstruction of the aorta below the renal 
vessels wiiich occurs slowly may produce no sjTnp- 
toms or the picture of impotence and thigh claudica- 
bon. The extremities may appear normally nour- 
ished. When skin involvement becomes marked, 
little blood vessels are usually thrombosed. This 
may be primaiy' small vessel endarteritis as in dia- 
betes, or it may be secondary small vessel thrombo- 
sis secondary to occlusions higher up. Gangrene 
with normal pedal pulses indicates small vessel 
disease. Intermittent claudication with normal ap- 
pearing vessels and absent popliteal or femoral 
pulses suggests larger vessel obstruction, which is 
frequently segmental. 

Peripheral Arteriosclerosis. The etiology and 
pathology of peripheral arteriosclerosis have been 
discussed in Cliap. 246. Tlie history and physical 
findings arc those of arterial insufficiency. The diag- 
nosis IS based on the following factors: 
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1. Age of the patient. It usually occurs after 
Cftvvcars of age. 

2. Sex. Males are more commonly affected than 
females. 

3. Diabetes. The incidence of arteriosclerosis is 
increased in patients vvitli dialictcs. 

4. Evidence of arteriosclerosis is usually present 
bilaterally, although the symptoms may lie une 
lateral. 

5. There are no symptoms of arterial disease in • 
Uie upper extremities. 

6. Tlie arteries, ns seen by x-ray, are frequently 
calcified. 

7. In p.nticnts with diabetes, the small vessels 
may be oceltidctl, although the larger vessels are 
only moderately’ diseased. Local gangrene of the 
skin of the toes may occur, even thougli the rest 
of the fool is warm. 

8. In patients with diabetes, neuropathy is 
common. 

Tiirorabonngiitis Obliterans. This condition was 
described by Buerger in 190S .as an obliterative 
vascular disease affecting chiefly the peripheral 
arteries ond veins of Jewish males in early adult 
life. Tlie disease involved primarily’ the bloo^ vessels 
of the e.xtrcmities, beginning in medium- and small- 
sized arteries. Veins were Involved less commonly. 
The lesion was a nonsuppurative panarteritis or 
p.mphIcbitJs and was segmental, leaving norma! 
vessels between diseased segments. Tlie lesions 
came in crops, producing complete and usu.'illy 
permanent obstruction, followed by the develop- 
ment of extensive colkiteral circvilation The histo^’ 
and physical findings were those of arterial insu^- 
denty or superficial phlebitis. Tlie diagnosis was 
based on these considerations: 

1. Age. Onset was usually between twenty and 
forty-fiv e v ears. 

2. Sex. Males predominate in a ratio of 75:1. 

3. Race. Half the patients were Jewosh. 

4. Migratory phlebitis preceding or accompany- 
ing arterial dtscaso. 

5 Severe pain at rest from ulceration or from 
ischemic neuritis. 

6. Absence of calaficalion as seen by x-ray. 

7. Small vessels of the hands might be involv’ed. 
Thrombosis of mesenteric, coronary', cerebral, or 
renal arteries was not uncommon. 

Atherosclerosis in young men is now a well- 
known entity. It is a segmental disease. Thrombosis 
in the arteries is frequently associated with throm- 
bosis in the veins. The arteries and veins respond to 
thrombosis with an inflammatory reaction, followed 
by various degrees of recanalization. Thera is rea- 
sonable doubt that thromboangiitis obliterans is a 
distinct clinical entity. It is certain that the diag- 
nosis is now made much less frequently than in 
pasty’ears. 
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Tlirombosis. Thrombosis of the larger arteries of 
the lower extremities is common in the natural 
course of arteriosclerosis. Whether or not dramatic 
symptoms of acute arterial insufficiency appear will 
depend on the degree of collateral circulation which 
has developed. Gradual nanowng of a major vessel 
may progress unnoticed to complete occlusion, be- 
cause the symptoms of arterial insufficiency may not 
develop until the collateral channels begin to 
thrombose. 

Embolus. Emboli are usually fragments from 
more centrally placed thrombi. The occurrence of 
sudden arterial insufficiencj’ %vithout physical find- 
ings of marVed peripheral vascular disease gen- 
erally indicates an embolus. The common sources 
are: 

1. Mural thrombus from the left atrium of a 
patient with chronic atrial fibrillation 

2. Mural thrombus from tbc left atrium of a pa- 
tient with mitral stenosis and commonly, but not 
necessarily, with atrial fibrillation 

3. Mural thrombus from myocardial mfarclion of 
the left ventricle or, more rarely, from acute or sub- 
acute myocarditis 

4. Thrombi on v'alves from subacute or acute 
bacterial endocarditis 

Less common sources are: 

1. Thrombi in the aorta or its large branches 

2. Venous thrombosis in patients with a right- 
left shunt from congenital heart disease 

3. Venous thrombosis causing pulmonary em- 
bolization, right heart failure, and the passage of a 
clot through the patent foramen ovale 

4. M)'Xoma of the left atrium 

Emboli are b’ke'ly to lodge at the bifurcation ol 
large vessels. A saddle embolus riding on the bifur- 
cabon of the aorta may cause circulatory insuffi- 
ciency in both lower extremities. The signs of cir- 
culatory insufficiency are usually considerably distal 
to the embolus because of the effectiveness of col- 
lateral circulation. Tlie degree of circulatory impair- 
ment caused by arterial obstruction and that caused 
by secondary arterial spasm cannot be detennined 
on inspection. The effects of paravertebral block 
must decide this question. The local examination 
reveals the symptoms and signs of arterial msuffi- 
ciency. Loss of motion and of sensation may occur 
rapidly. Pain has been discussed on p. 58. At first 
there is no pain at the site of the embolus, but ten- 
derness may develop after a few hours, as the em- 
bolus sets up a local inflammatory reaction in the 
vessel. 

Exposure to Cold; Trench Fool. Extremities widi 
normal blood vessels are injured by prolonged ex- 
posure to cold. Dependency and wetness combined 
with cold cause tissue damage even though actual 
freezing of the tissues does not occur. On warming, 
the injury results in extreme vasodilatation uddi 
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su'elling of the part because the capillaries have 
been damaged. Later, true capillary flow in the 
dcin may cease because of capillary stasis and 
dirombosis although flow continues through sm.ill 
arteriovenous communications. This gives the clini- 
cal picture of superficial gangrene in a warm part. 
Wffiethcr complete recov’eiy or gangrene occurs de- 
pends upon the extent of the injury. Persistent 
tenderness because of fibrosis and ischemic neuritis 
may develop. 

Obstruction of Main Arterial Trunks. Broad in- 
sertion of the scalenus anb'cus muscle with or with- 
out cervical rib is a rare cause of Raynaud’s phe- 
nomenon or organic arterial occlusion. The vas- 
cular disturbances may be reflex from compression 
of a portion of the brachial plexus. At times, trauma 
from compression of the artery causes thrombus 
formation with or without embolic phenomena 
distal to the area of injury. 

Persons who sleep with their arms hyperabdiJcted 
above the head or whose occupation causes them to 
work wjih their arms hyperabducted may develop 
numbness and tingling from occlusion of the sub- 
clavian a-tillary vessels. Usually discomfort causes 
the arms to be moved to a different position, but 
gangrene of the fingers has been reported in some 
cases. 

Syphilitic aneur)-sm or dissecting aneurysm may 
cause obstruction to the main artery supplying the 
limb. 

Obstruction of Aorta below the Renal Vessels and 
Obstruction of tbc Vessels Arising from the Arch 
of the Aorta. These disorders have been considered 
in the preceding chapter. 

Obstructive Disease ol the Small Vessels. In- 
flammatory involvement of the smaller divisions of 
the vascular tree may cause local areas of gangrene. 
In time, thrombosis may occur in larger vessels. 
The cause of the arteribs is usualiy unknown, but 
occasionally it occurs as the result of a reaction to 
a specific agent Occasionally, cigarette smoking is 
the cause and complete abstinence the cure. 

SPASM OF ARTERIES AND ARTERIOLES 

Raynaud's Disease and Raynaud’s Phenomenon. 
R3}'nauds disease is an idiopathic bilateral paroxys- 
ms contraction of the arteries and arterioles of the 
digits, usually without local gangrene. The primary 
fault seems to he a loc.al sensitivity of the digital 
vessels to cold. The attacks are precipitated by cold 
or emotion and are relieved by warming. Raynaud's 
phenomenon consists of paroxysmal attacks of is- 
chemia of the digits occurring in the course of other 
diseases, such as scleroderma, thromboangiitis ob- 
Itteraos, cervical rib, arteriosclerosis, crutch paraly- 
sis and pneumatic hammer disease. 

Diagnosis of Raynaud's disease from the history 



1372 stc. 2 

and exatninaliQU is made from tlie follow {t»g points: 

1. Sex. Females arc affected tmicli more often 
than males. 

2. Age. It is less common before puberty and 
after forty, although it may occur at any age. 

3. Hilateral and sjnimetric involvement of digits. 
It is more common in the hands than in the feel. 

4. Attacks of c)’anosis c.m be reproduced by im- 
mersion of the han{ls in cold water or by cooling the 
body rapidly by a cool shower. The digital arteries 
and arterioles contract. Tlie fingers become blue if 
the minute vessels remain dilated, pale if they con- 
tract On rewarming, rcacbve hyperemia occurs. 

5. If the disease is of many years’ duration, small 
superficial areas of gangrene may occasionally be 
present 

Diagnosis of IlayTiaud's phenomenon is made if 
the aW’c findings are noted in conjunction with 
organic artcri.il itisease, scleroderma, cervical nb, 
or history of the use of a pneumatic hammer. In the 
beginning, it is frequently impossible to differen- 
tiate between benign Rajnaud’s disc.ise and pro- 
gressive scleroderma with Raynaud's phenomenon. 

Scleroderma. Thb is a diffuse disease of tlie col- 
lagenous system Willi skin and visceral manifesta- 
tions. The etiology is unknown Rapaud's phe- 
nomenon Is frequently seen before the characteristic 
skin changes occur. In many instances the skin 
changes are locahicd to the distal portions of the 
extremities (acrosclcrodcrma). Tlie skin becomes 
boardlike and is bound down to the underlying tis- 
sues Decreased sweating, increased pigmentation, 
and calcification of (he skin occur. Gangrene of the 
digits, with marked shortening of the plialanges, is 
not uncommon (sclerodactylia). Invob ement of the 
esophagus, heart, and lungs may occur early or late 
In the disease (Chap. 299). 

Ergotism. Spasm of the arterioles willi thrombosis 
and g.ingrcne is produced by ergot poisoning. In 
the past. It was seen m epidemic fonn as the result 
of the contamination of lyc with ergot fungus 
{Claiiceps purpurea). It is occasionally seen alter 
tlie repeated use of ergot to induce abortion or 
after the use of crgoUminc tartrate for pruritus 

Reflex Spasm. Any painful area in the extremities 
ma> cause symptoms and signs of ischemia from 
stimulation of tlie autonomic nervous $)stem. The 
isciicmia of embolus or thrombus is intensified by 
reflex activity. Isciicmia from organic disc.asc of the 
vessels, from arteriosclerosis, or from lliromlioangil' 
tu obliterans may be intensified by active vasocon- 
striction mediated through the autonomic nerves. 

Dislutbetncct in Small Vestcis 
from Changes in Blootl 

Qiaiiges in the phvsical slate of iJie blood may 
cause small vessel obstruction. P.itieiits vvilh sickle- 
cell onemi.i are prone to multiple thromboses. The 
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leg ulcers seen in this disease are probably an ex- 
ample of small vessel thrombosis on the basis of 
mechanical obstruction caused by the sickled cells. 
When the titer of cold agglutinins is high, exposure 
to cold may cause Rajnaud’s phenomenon. The 
development of globulins which precipitate in the 
cold (ci)’oglobuljns) In patients wnth leukemia or 
myeloma may also cause Rajmaud’s phenomenon. 

PROGNOSIS IN DISEASE OF TIIE ARTERIES 

Tlic prognosis depends upon the age of the pa- 
tient, the rate of progression of the primary disease, 
the depce of the development of the collateral 
circulahon, and the amount of involvement of the 
cerebral coronary and visceral vessels. Tlie clinical 
course is very variable. Fingers are occasionally 
lost, the hand almost never. One or both lower limbs 
are more frequently lost. The mortalitj- ond devel- 
opment of gangrene in embolus and thrombosis are 
approximately the same. 

In Raynaud’s disease, as defined in this discus- 
sion, the prognosis is good by definition. Complica- 
tions are rare, and tlic digits are not lost. In Ray^ 
naud’s phenomenon accompanying other disease, 
the prognosis is that of the primary disease. Thus, 
In scleroderma associated wi’th Raj-naud’s phe- 
nomenon, the outlook depends on the extent and 
rate of progression of the scleroderma. This is Inie 
whether the sclerodermatous changes are general- 
ized or are still localized to the extremities. 

TREATMENT OF ARTERIAL 
INSUFFICIENCY 

Chronic Arterial InsuIHcicncy. Since the etiology 
of arteriosclerosis is not kmowm, treatment directed 
toward prevention or removal of the primary fac- 
tors IS not possible. In segmental obstruction of the 
femoral and iliac arteries, intimal stripping and 
grafting offer new hope for improving the circula- 
tion. 

General Care. The reduction of blood cholesterol 
by dietary management and by drugs has been 
considered in Chap. 2-J6. Because of the frequency 
of diabetes in persons with vascular disease, fasting 
and postprandial blood sugars should be measured 
routinely in ail such patients. Complete abstinence 
from tobacco should be advised. 

Core of Local Areas. Tlie care of the local area 
with circulatory impairment from arteriosclerosis, 
tlvromboangiitis, or tlamage from exposviic to cold 
is similar. Tlie greatest danger is gangrene in the 
toes. Tliis is usually precipitated by trauma, infec- 
tion, or burns, all of wliieli can ordinarily be pre- 
vented by good foot care. Care of tfie feet means 
careful w\isbing In tepid vs-ntor at night; keeping tlie 
skin pliable with lanolin; use of a blind dusting 
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powder to absorb perspiration; use of warm, finely 
woven woolen socli in winter; careful cutting of the 
nails, with the ends cut straight across to avoid 
ingrou'ing nails. EpiderTnoph>'tosis must be treated 
when present, but strong ointments or solutions are 
to be avoided. SoaUng twice daily in 1:8,000 
potassium permanganate solution is satisfactory. Dry 
heat is contraindicated. Remember that sensation 
may be imp.iircd because of peripheral nerv'c in- 
volvement. Heat above the temperature of the 
blood raises tlic temperature of a part with im- 
paired blood supply much more rapidly than that of 
a normal part. In this situation, the blood acts as a 
cooling system to lo%ver the temperature of the tis- 
sues; if this cooling sjslem does not function effi- 
ciently, bums occur. Heating the part by reflex vas- 
odilatation is safe; local heat may raise the metabo- 
lism, without a corresponding increase in blood 
supply, and precipitate gangrene. The shoes should 
fit perfectly and should bo broken in gradually. If 
any break in the skin or blister occurs from any 
cause, the patient should go to bed and call his 
physician. Reflex v'asoconsUiction is to be mini- 
mized. In the winter, there is need not only for 
adequate protection for the part itself but also for 
attention to preserving the warmth of the body. No 
local protection will keep the extremities s%*ann if 
the trunk is cool and the body is attempting to pre- 
8cr^ cheat. 

Reflex ^’asoeonstriction may accompany organic 
occhisive vascular disease. If body warming or 
paravertebral block demonstrates release of refle* 
tone, improvement of the circulation to the ex- 
tremity by sympathectomy is indicated. Some ob- 
servers have reported improvement after sym- 
pathectomy even though paravertebral block caused 
no rise in temperature. Sympatliectomy may be 
follow cd by gangrene in advanced disease because 
it may divert the greatly limited supply of blood 
from the severely ischemic tissues to the more 
norma] tissues of the part. 

Sympathectomy does not increase the flow of 
blood through muscles and has no direct effect on 
intermittent claudication. If s)Tnp3thectomy is per- 
formed in patients with intermittent claudication, it 
should be more extensive than is necessary to release 
the vasoconstrictor tone of the vessels of tlie skin 
of the leg and foot. A higher sympathectomy may 
be effective in increasing the circulation in col- 
lateral vessels. 

Buerger's exercises are useful. They have the dis- 
advantage of being too tiresome to continue for a 
long period of time. They help because, when the 
fool is dependent, the effective arterial pressure is 
increased until the pressure from gravi^ is coun- 
teracted by an equal column of blood in the veins. 
The foot is emptied by raising it just far enough 
above heart level to produce colhipse of the vems 


and slight pallor. It is then letumed to the de- 
pendent position. The ideal conditions are (I) max- 
imal lowering of the foot below heart level and leav- 
ing it there until the veins are full and (2) tire least 
elevation for the shortest period of time which will 
suffice to empty the foot. When the valves of the 
veins of the legs are competent, walking slowly is 
an effective form of Buerger’s exercises. In many 
patients it appears that frequent short walks con- 
stitute the most effective of all methods of treat- 
ment. TTie contraction of the muscles forces blood 
up the deep veins, the venous pressure falls sharply 
as the muscles relax, and the high arterial pressure 
produced by gravity is effective until the veins fill. 

Pyogenic infections of the feet and toes are com- 
mon in patients with impaired blood supply. This 
is particularly true if peripheral neuritis is present. 
If an apparently gangrenous part is warm, infection 
is playing mi important role, and intensive penicillin 
therapy may greatly change the picture. Each time 
tlic physician must ask himself: Is infection or 
Ischemia the primary cause of the acute episode? 

Acute Arterial Insufficiency. In the acute circula- 
tory Insufficiency caused by thrombosis or embolism, 
there are four considerations: (1) mechanical re- 
moval or bypassing of the obstruction if the occlu- 
sion is in a Tna)oT vessel, (2) sympathetic blockade 
by paravertebral or spinal anesthesia, (3} enhanc- 
ing fibrinolysis by the intravenous administration of 
either purified streptokinase or human fibrinolysm, 
followed by (4) routine anticoagulant therapy with 
heparin and the coumarin drugs. Operative removal 
of an embolus in a major vessel is usually beneficial 
In the first 8 to 10 hr. Thrombectomy, ihrombo- 
endartcicclomy, ox bypass grafting is vvoithwhilp if 
the occlusion is localized but is to no avail in diffuse 
obstructions. 

Sympathetic blockade should always precede the 
administration of fibrinolytic and anticoagulant 
drugs (o avoid hematomas. The type and dosage 
of iiuman fibrinolytic agents are currently under 
Investigation; they are optimal for thromboses of 
less than 48-hr duration. 

For anticoagulant therapy, the preferred method 
of heparin administration is to give the initial dose 
intravenously and to maintain the patient thereafter 
on subcutaneous heparin every 4 hi. Concomitantly, 
one of the coumarin drugs may be administered by 
mouth after determining the prothrombin lime; 
vvlien the prothrombin level is lowered to below 30 
per cent of normal, the heparin therapy is discon- 
tinued and the patient maintained on the coumarin 
drug exclusively. If the arterial insufficiency is the 
result of an embolus, effective anticoagulant therapy 
is usually continued for approximately three weeks 
until there has been time for the site of the embolus 
to be covered with endothehiim 

Maintaining the affected part in tlie dependent 
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position may help the gravitational flow in collateral 
channels. Local heat is detrimental since it would 
increase the metabolic requirement in an area of 
limited arterial inflow. 

na>-nau(rs Disease. Tlie body should be dressed 
warmly so that the vessels in tlie hands and feet 
will dilate to help dispose of body heat. The hands 
and feet should be protected wiJi warm sochs and 
glo\’es. Minor episodes of “dead Angers" should not 
occasion alarm. If these measures are not adequate, 
Pnscol gi\en orally in doses of 25 to 75 mg every 
3 or 4 hr is frequently helpful. 

Paynaud's Phenomenon. Adequate heat to the 
body and protection of the extremities from cold 
and trauma are important. The response of the Un- 
derlying disease to therapy is moie important than 
the treatment of the vasospasm. Wflien associated 
with scleroderma, the prognosis is guarded. Priscol 
has been reported to be effective in controlling lire 
vasospasm. Sympathectomy may be tried, but the 
effect is usually temporary. Testosterone has been 
reported to have a favorable effect in sclerodcma 
when given for several months. 

Amputation. The indications for ampulaUon are 
(1) gangrene, (2) uncontrollable infection, (3) 
intractable pain, and (4) such complete loss of 
function from deformity or contracture that the 
limb IS a burden. Amputation is a hist resort, and 
conserv’ativc therapy has saved many limbs. The site 
of amputation must be at a level where tissue nu- 
trition is good. In the last anal)Si$, the amount of 
bleeding at operation and the appearance of the 
tissues after incision determine whetlier the stump 
will be viable. Usually, clinical observation deter- 
mines the level of the trial incision, but special tests 
such as the appearance time of intravenous fluores- 
cein and the effect of intradermal histamine may be 
helpful. 

DISTURBANCE IN VENOUS rUNCTION 

Varicose Veins. Dilatation and tortuosity of the 
superficial veins of the lower evtrctmlics result 
from constitutionally defective valves affected by 
postural strain or from the enlargement of the 
superficial circulation to compensate for obstruction 
of tlie deep circulation. The obstruction of the deep 
circulation usually results from deep thrombophlebi- 
tis. Increased blood flow from an acquired or con- 
genital arteriovenous fistula is a rare cause of 
varicosities. The varicosities caused hy defcctiv’e 
valves are easily treated surgically. Those resulting 
from deep vein obstruction are compensatory, and 
the extremities are not helped by ligation and vein 
stripping. 

In a normal person who stands motionless for a 
short time, the hjdrostalic pressure in the leg veins 
is equal to the height of a column of blood extend- 
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ing from the fourth rib to the level of the vein. In 
a man 6 ft in height, the pressure at the anWe is 
about 103 mm Ilg. Blood from the foot is returned 
by the force of the heartbeat, and all the valves are 
open. These pressure relations are tlie same, there- 
fore, in valved and nonvalved veins. On contracting 
the muscles of the leg and thigh, blood is forced up 
tlic extremity by the high intramuscular tension. 
With normal valves, it cannot be forced downward 
or outward into the superficial circulation through 
the communicating veins. The blood in the superfi- 
cial v'cins of the leg is not forced upward by tlie 
contraction because the skin tension does not exceed 
the hydrostatic pressure. When the extremity is 
relaxed, blood does not flow downward into the 
muscles because the valves control it. Blood enters 
the veins in the muscles from the arteries and from 
the superficial veins by way of the communicating 
veins. Backflow from the cava is prevented by 
valves, and the runoff through the communicating 
veins lowers tlie pressure in the superficial veins 
effectively. The fall m hydrostatic pressure in the 
venous system lowers capillary’ pressure effectively 
and prevents edema. NVhen the valves of the veins 
are destroyed, the venous and capillary pressures 
are not lowered by exercise. Chronic edema, pete- 
chial hemorrhage, poor drainage, ond infection fre- 
quently result 

Varicose veins fall into the following groups. (1) 
Simple dilatation of the veins with competent 
valves Tlie lowering of capillary pressure by exer- 
cise Is mainlained, and edema does not result 
Superficial venous thrombosis in the dilated, tortu- 
ous vessels may be troublesome. (2) Varicose veins 
with Incompetent valves in the superficial veins, but 
competent perforating and deep valves. On w-alUng, 
the venous pressure is not lowered unless the super- 
ficial veins are prevented from filling from above by 
local pressure. When tlie superficial veins are cor- 
rectly obstructed by a tourniquet, exercise effec- 
tively lowers the venous pressure. (3) Varicose 
veins secondary to occlusion of the deep femoral 
veins. The varicosities have resulted from throm- 
bophlebitis of the deep veins, and the valves of the 
deep veins are destroyed. E.\ercisc has no effect in 
lowering the v enous pressure w hen walking. Brawny 
edema may mask the superficial varicosities, and 
their extent is rarely realized until the venous tree 
is visualized by the use of Ilypaque. Intractable 
clironic ulcers are common. 

Treatment. The treatment of tlic first two groups 
by the combination of higli ligation and injection of 
sclerosing solutions, or removal by vein stripping, 
is satisfactory. The treatment of the last group is 
unsatisfactory, and prevention by more intensive 
treatment of the deep vein thrombophlebitis is the 
most satisfactory answer. Once the condition is 
present, it is bcncfidal to prevent edema formation 
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by application of external force to counteract the 
effect of gra\'ity. Bed rest with elevation of the 
parts allows healing. The application of pressure 
bandages or of a jelly boot prevents the breakdown 
of the healed lesion when tlie patient is up. One 
should remember the magnitude of the hydrostatic 
force that one must counteract when the patient 
stands. Ace bandages ate rarely adequate; a pure 
rubber roller bandage 3 in. wide and 15 ft long is 
much more effective. 

Thrombophlebitis. Thrombus formation in veins 
is common. Dilated, tortuous superficial varicose 
veins frequently become tender and hard, with red- 
ness of the overlying skin. The inflammatory reac- 
tion usually subsides uneventfully, and embolic 
complications are unusual. Recurrent superficial or 
deep venous thrombosis is a common occurrence in 
the natural history of obliterative arterial disease. 
Local trauma from the administration of various 
solutions and medications is a not uncommon cause 
of superficial Ihiombophlebitis. Again, embolic 
phenomena are rare. 

Thrombus formation in veins occurs at times in 
all acute and chronic infections, after operations, 
and after childbirth. It is common in patients ^vidi 
chronic debilitation, heart failure, or carcinomatosis, 
and occasionally occurs in apparently normal per- 
sons. Venous thrombosis is apt to occur contiguous 
to areas of local infection or trauma. It is seen in 
the pelvis in puerperal infection and in the prostatic 
veins after prostatectomy. In the majort^ of in- 
stances, the thrombus begins in the deep veins of 
the calf and extends proximally. The process may 
cause very little reaction in the vein wall (phicbo- 
thrombosis), and if this is the case, the thrombus 
is particularly prone to break loose and lodge in 
the pulmonary tree. On the other hand, the reaction 
may involve the veins of the entire extremity, with 
the inflammatory reactions extending into sur- 
rounding lymph channels (thrombophlebitis). With 
an extensive reaction, the clot adheres tightly to the 
vein wall, and then embolic phenomena are less 
common. 

The precise etiology of thrombophlebitis is un- 
known. Slowing of the blood stream seems to be an 
important factor in thrombus formation. Accelera- 
tion of the clotting time probably plays a part. TTie 
role of changes m the vein walls has not been 
determined. In spite of the severe systemic reaction 
and the evidence of the reaction of inflammation in 
the extremity in the more fulminating cases, no 
infectious agent has been found. 

Local symptoms may be absent. A rise in pulse 
rate or an unexplained slight fever in a patient in 
bed may be the only sign of phlebothrombosis, and 
the condition may not be recognized until an 
embolus has lodged in the pulmonary artery. 
Several daj's later, tenderness in one or both calves 
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may occur. Tenderness in the calf and pain in the 
calf on dorsiflexion of the foot may be the only 
si^- If the foot is dependent, slight edema and 
cyanosis may be observed. Other findings may in- 
clude a measurable, although not always visible, 
increase in the circumference of the calf as com- 
pared to the opposite leg, slight prominence of the 
veins, increased local warmth or diminished pulsa- 
tion on the affected side, and local pain on com- 
pression With a blood pressure cuff at a pressure of 
80 to 120 mm Hg. 

At the other extreme is the painful, swollen, cy- 
anotic leg of acute thrombophlebitis. In this condi- 
tion, the arteries are not involved directly; intense 
reflex vasoconstriction may occur, however, and at 
times the arterial pulse is felt with difficulty. Fever 
and leukocytosis are present. 

Treatment. The treatment is divided into three 
parts; 

1. Prevention of clot formation in the leg veins 
by early ambulation or by bandaging of lower ex- 
tremities when the patient is confined to bed, and 
by the use of heparin and bisbydroxycoumarin 
(Dicumarol). 

2. Prevention of pulmonary emboli after leg veins 
are involved. Anticoagulant tlicrapy is usually suc- 
cessful. Pulmonary emboli continue in an occa- 
sional patient, and ligation of both common femoral 
veins or the vena cava becomes necessary. (Embo- 
Lsm and infarction of the lungs are discussed in 
Chap. 262.) 

3. Prevention of destruction of lymphatic vessels 
and veins which leads to persistent edema and 
chronic ulcers. Pain is relieved and edema clears 
more quickly when the sympathetic tone is released 
by repeated paravertebral blocks. Anticoagulant 
therapy may reduce the number of vessels perma- 
nently thrombosed. Elevation and proper bandaging 
will minimize the edema Particular attention to 
bandaging should be given when the patient is 
allowed to be up. 

DISORDERS OF PERIPHERAL 
LYMPHATIC VESSELS 

Water and electrolytes which leave the capillaries 
can reenter the capillaries without difficulty. Pro- 
tein and various forms of particulate matter pass 
into the lymphatic capillaries. If the IjTnphatic 
drainage to a part is blocked, the extracellular fluid 
will gradually assume a high protein content. The 
capillary filtrate may contain very small amounts of 
protein, but as the water can be reabsorbed by the 
blood capillaries and the protein cannot, an cffcc- 
tiv’e concentrating mechanism is present. When the 
lymph vessels are normal, I^mph flow depends on 
Tomculai contraction, respiratory movements, trans- 
mitted movements from arterial pulsations, and to 
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a certain extent, on gravity. Complete immobiliza- 
tion of the lower extremity in a patient sitting in a 
chair leads to physiologic lymphatic obstruction. 

Acute Lymphangitis. \\’hen bacterial infection in 
an extremity is not localized, the inflammatoiy 
products pass proximally along the lymphatic chan- 
nels The material carried in the lymph channels 
causes dilatation of the small blood vessels about 
the lymph xessels, and their courses are outlined by 
one or more red streaks. Before chemotherapy was 
available, lymphangitis always carried a serious 
prognosis because it is a sign of uncontrolled, 
spreading infection. Immobilization of the part 
greatly reduces the rate of spread of the infection 
by reducing the rate of lymph flow. With chemo- 
therapy, fear of lymphangitis and the surgery n€^ces- 
sary with l)TnphangiUs has largely disappeared. 

Chronic Lymphatic Obstruction. Widespread ob- 
struction of the lymph vessels may result from con- 
genital or familial disorders of the lymph \esscls. 
The l)’mphedema of tlie familial type Is called Mil- 
roy’s disease Aoiuired chronic Ijmphedcma results 
from obstruction of tlie lymph channels by neo- 
plasm, scar, operative removal of lymph nodes, and 
fibrosis caused by x-ray therapy. It may follow low- 
grade Ijmphangilis from filariasis, from l)'mpho- 
granuloma venereum, and from repeated strepto- 
coccal Infections. It may be a complicating factor 
in certain instances of severe edema following 
thrombophlebitis. 

In its early stages, lymphedema cannot be dis- 
tinguished pfiysieally from any other form of soft 
pitting edema. On laboratory examination, the high 
protein concentration separates it from cardiac and 
nephritic edema but not from the fluid of m)'x- 
edema Lymphedema causes fibrosis in the tissues, 
and in time the tissue becomes hard and brawny. 
The skin may be tliick and folded with indolent 
ulcerations 

Treatment of Chronic Lymphedema. Early and 
persistent therapy is important. If marked ^ema 
is prevented by postural drainage, by elfecUve 
bandaging, and by limiting upright activity to 
periods short of edema formation, much of the 
fibrosis and recurrent infection will be prev-ented. 
This program calls for persistence on the part of 
both physician and patient. Acute attacks of 
lymphangitis can be controlled by appropriate 
chemotherapy. 

LEG ULCERS IN PATIENTS >VITIIOUr 
PERIPHERAL VASCULAR DISEASE 

In a normal person, an injury to the skin of the 
foot or ankle is much more serious than one to the 
li.nnil or WTist. In the ambulatory patient, lesions on 
the lower leg and foot may heal slowly. If healing 
does not occur promptly, the patient should be put 
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to bed and the part elevated. If the lesion is al- 
Imved to become chronic, Io^v•g^ade local phlebitis, 
lymphangitis, and arteritis develop. Even if the 
main vessels to the part are unaffected, these local 
changes cause poor tissue drainage and there is a 
tendency to recurrent infection and ulceration A 
nonbealing, nonlraumatic ulcer of the losver leg is 
an emergency and requires bed rest until healing 
occurs. 

SPECIAL DIAGNOSTIC TESTS 

The history and physical examination will estab- 
lish die presence or absence of arterial insufficiency 
When the circulation is normal, no instruments are 
necessary to demonstrate the fact. The sUn shows 
no trophic changes and does not blanch abnormally 
on elevation. The arterial pulses are palpable. If 
the main artery is occluded by pressure for several 
minutes, release of pressure svdl cause bright-red 
reactive hjpcremfa. Healing of the body causes the 
extremities to warm, and immersion of the part in 
hot water brings out the capillary pulse. Histamine 
pricked into the skin produces a tj’pical wheal and 
erythema. When there is obvious arterial Insuffi- 
ciency, these findings are changed os outlined under 
Special Points in Histoiy’ and Physical Examination. 
WTien other signs of arterial insufficiency are pres- 
ent, it is not safe to attempt to demonstrate the 
capillary pulse by placing the involved extremity in 
hot w'ater. 

Special tests have been of value in understanding 
the normal physiology of the peripheral circula- 
tion. They ha\e been of use in quantitating the 
degree of damage caused by pathologic processes 
and have aided our understanding of the dex’elop- 
ment of collateral circulation. They have been use- 
ful in detennining, in at least a semiquantitathe 
way, the effects of therapy in occlusive xascular 
disease. 

The following tests are useful at times: 

1. Measurement of skin temperatures in a cool 
room (18 to 20®C) before and after release of 
sympathetic tone. When the blood supply is de- 
creased by occlusive arterial disease or by reflex 
vasoconstriction, or by both, the extremities cool. 
Release of sympathetic tone is accomplished by 
paravertebral block, by spinal anesthesia, or by 
raising the rectal temperature by body wanning If 
the skin temperature does not rise, the decrease in 
blood flow is tlje result of occlusive vascular disease 
A rapid rise to 30 5 to 33®C indicates nonnal blood 
supply. An intermediate rise indicates both reflex 
sympathetic constriction and occlusive vascular 
disease. This test has the virtue of simplicity and 
has proved to be of clinical use. 

2. Arteriography and venography. The arterial 
tree is visualized by x-ray after the intraarterial in- 
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jecHon of 50 per cent Hv’paque or other contrast 
media. \Vlien the femoral pulses are absent, injec- 
tion is made into the aorta. Tlie e.xact point <>f 
arterial obstruction and the pattern of the collateral 
circulation can be determined. It is helpful »n 
showing segmental occlusion in the iliac and 
femoral vessels. These lesions can now be ap- 
proached surgically. Visualization of the veins by 
the injection of Hjpaque is occasionally useful. 

3. Circulation lime to the extremities. Sex'ersl 

methods are available. The fluorescein test is the 
most objective. For this, 3 ml of a 20 per cer»t 
aqueous solution of fluorescein is injected quickly 
into the anteeubital vein, and the time of appear- 
ance of a greenish-yellow glow in various parts of 
the body is observed. When arterial insufBciency is 
present, the appearance time of the fluorescein is 
prolonged. In severe ischemia no fluorescein may 
appear. '••rr , 

4. Oscillometer. This is a v'olume recorder which 
'roagfcifies the'changes in volume which normally 

occur with each cardiac s>'stole. The ordinary blood 
pressure recording apparatus may be used as a 
crude oscillometer. Refinements of the oscillometer 
have not increased its clinical usefulness. 

5. Histamine wheal test. If the arterial circula- 
tion is inadequate, histamine pricked into the sHn 
gives B subnormal or absent reaction. 

- 
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B. Measurement of blood flow by plethysmo- 

gmphic techniques has ad\'anced our knowledge of 

the circulation, but tlie method is not suitable for 

routine clinical use. 
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THE HEART 


INTRODUCTION 

William }L Jiesnik and 
T. R. Harrison 

In previous chapters the basic mechanisms under- 
lying the important manifestations of disorders of 
the heart have been described. In the succeeding 
chapters, the clinical aspects of heart disease afe 
presented. 

“Curable” Heart Disease. Tlie term "curable” re- 
quires definition. The patient whose heart disease 
stems solely from a patent ductus that has been 
closed may be considered cured in the strictest 
sense. The patient with S’alvular heart disease whose 
intractable heart failure has been diminated the 
adequate treatment of an associated thyrotoxicosis 
is not "cured” in the sense th-at the heart has been 
restored to structural normality. Nevertheless, be 
Iras been cured of heart failure in that it may noW 
be possible for him to lead a practically unrestricted 
We. In other words, we mean by curable a form of 
heart disease Uiat is amenable to specific treatment. 


even though an anatomic lesion may continue to 
exist. 

Tlie introduction of the important differentiation 
between low-output and high-output failure (p. 
99) not cmly has clarified vexing and disputed 
points of view regarding the nature of heart failure, 
but it has brought into focus a group of disorders 
with high-output failure that are susceptible to 
cure. In addition, the spectacular advances in car- 
diac surgery and the development of potent anti- 
biotics liarx! completely altered the prew'ous hope- 
less outlook of persons afflicted W'ith many forms of 
congenital and acquired heart disease. As a con- 
sequence, we can no longer be content with the 
mere recognition that heart disease exists We must 
be coTKlantlif mindjui that the patient may hate a 
curable form of heart disease. Overlooking such a 
disorder constitutes a far grairr error than diag- 
nosing incorrectly a form of heart disease that 
could not have been better treated even if it fiad 
been precisely recognized. Tlie restoration of a p-x- 
tient to a norma! life of useful activity by tbe dis- 
covery and appropriate treatment of bacterial en- 
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docarditis constitutes a far greater triumph than 
tlie lucky speculation at the clinical pathologic con- 
ference that tlie patient with the Ij’pical history of 
ischemic pain has suffered from endocardial fibro- 
elastosis and not from coronarj- obslrutAion. 

Moreover, the proper management of heart dis- 
ease and of heart failure is based on something 
more tlian recognizing a "cause,” e.g., rheumatic 
heart disease with mitral stenosis, and administer- 
ing the standard procedures for the control of con- 
gestive failure. In all cases, ctertj possible contnb- 
uting /actor should be considered and treated if 
present: infection and emotional stress, excessive 
activity and ingestion of salt, anemia, hyperthy- 
roidism, thiamine deficiency, electrolyte imlalance, 
etc. 

Cardiac Reserve. Cardiac reserve is the capacity 
of the heart to respond to increasing burdens with- 
out displa)ing manifestations of failure. In practice, 
the reserve is ordinarily estimated by observing the 
patient’s response to varying degrees of activity. 
\Vhcn more accurate information is required, hemo- 
djTiamie measurements before and after exercise or 
after the administration of digitalis arc necessary. 
In a previous chanter fp, 93) the question of 
cardiac reserve and the physiologic problems as- 
sociated with it have been discussed in detail. Suf- 
fice it to repeat here that an}‘ increased work that 
IS imposed on tlie heart, whether by augroenlmg its 
output, or the pressure that it must eject against, 
or its rate of beating, diminishes tlie cardiac re- 
sene; and the loss of cardiac reserve is propor- 
tional to the increased energy requirements de- 
manded by the added load. Experimental observa- 
tions demonstrate that, for a gn'en increase of work, 
increased volume (cardiac output) is least costly 
in terms of cardiac reserve, whereas increased heart 
rate is most costly and hence most destructive of 
cardiac reserve. 

These experimental observations conform with 
clinical experience. The failing mtjocardium is 
always overloaded in relation to Its contractile 
strength. Anything that is respansihle for a rapid 
heart rate constitutes a deleterious influence on an 
already overloaded heart, and this explains why, 
for e.xample, ectopic tachycardias are so harmful 
in mjocardial infarction. The experimental observa- 
tions explain why patent interventricular septum 
is usually so much more serious than patent inter- 
atrial septum, since in the latter lesion the primary 
load IS a volume load, the least serious, whereas 
in the former there is in addition to the volume 
load a further pressure load, far more senous. Aside 
from the administration of digitalis which increases 
the efficiency of the myocardium, everything that 
the phj'sician utilizes is designed to diminish the 
load of the already overburdened heart. 


DISEASES or ORGAN SYSTEMS 

The Senile Heart (Presbycardia, the Aging 
Heart). Clinicians have long been familiar with the 
progressive loss of cardiac reserve with advancin<r 
years. The most thotightful and lucid expression of 
the concept was giv en by \VilIiam Dock. We con- 
sider its appreciation essential in understanding 
many otherwise perplexing problems of heart dis- 
ease. Tlie reserve capacity of the )outhful heart is 
very great, and it is a matter of common experience 
that the young person will tolerate without diffi- 
culty a burden such as a severe thyrotoxicosis or a 
paroxysmal tachycardia of long duration whereas 
an older person will develop congestive failure with 
the same disorders, even when of milder intensity 
and briefer duration The explanation for the effect 
of age on the adaptive capacity has never been 
clearly understood, chiefly because no histologic le- 
sion in the aging myocardial fibers is visible that 
could account for the loss of efficiency. One widely 
accepted view has held that the diminished cardiac 
reserve in the aging individual is caused by an 
^/ischemia that increases with age, either because 
of the development of/diilusc arteriolar disease in 
the coronary bed or because of the inadequate 
growth of capillaries to the myocardial fibers. 
Dock's perfusion studies have clearly indicated that 
ischemia is not the basis of myocardial failure in 
the aged, when there is no gross atheromatous in- 
volvement of the epicardial portions of the coronary 
arteries. Since the biochemical defect is as yet un- 
known, Dock ascribes the loss of car diac reserve to 
normal aging or mvolutionary proceTses. Tlie extent 
to which involution impairs myocardial efficiency 
varies from individual to individual at the same 
age, just as physical fitness and mental alertness are 
differently affected in aging persons This expliins 
why one person may tolerate a very high arterial 
pressure, for example, whereas another person of 
the same age suffers from congestive failure caused 
by an elevated pressure of much more moderate 
degree, when meticulous clinical as well as autopsy 
studies reveal no reason for the difference. 

There can hardly be any dispute about *lhe influ- 
ence o£» presbycardia on the heart that has already 
sustained an impairment of cardiac reserve. The 
valvular lesion that caused no symptoms whatso- 
ever at twenty may lead to severe disability at 
fifty, or the hypervolemia due to a saline infusion 
whi^ is easily tolerated by the young adult may 
precipitate congestive failure in the elderly subject. 
There has been far more skepticism about the abil- 
ity of age alone, pure presbycardia without any 
additional load, to cause failure of the myocardium 
One is necessarily uncertain about the relative con- 
tributions of involution and coronary sclerosis to 
the development of failure in the aged, cspeciiUy 
when the atheromatosis of the coronaries is of very 
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moderate degree and has ghen rise to no clinical 
or anatomic manifestations of ischemia. But there 
are occasional instances of heart failure in the eld- 
erly, carefully observed during life and at autopsy, 
u.7jcn,^toronary disease, hypertension, vahtilar dis- 
ease, anemia, thyrotoxicosis, etc., have been ex- 
cluded and histologic examination reveals no struc- 
tural myocardial disease. We believe that these 
represent myocardial failure caused btjjsenile heart 
disease alone. We do not mean to imply that the 
diagnosis “senile heart disease” should become a 
scrap basket for all forms of heart failure in indi- 
viduals over the age of fortj’-fi\’e or fifty, although 
the scrap-basket diagnosis of "arteriosclerotic heart 
disease," for which there is little or no esodence 
when there is no gross atiicromatous disease of the 
coronaries, seems to be accepted without protest 
by those who demur at the diagnosis “presbyeardia 
or senile heart disease.” 

It would be preferable if we conceded frankly 
that the diagnosis should be: “heart disease and 
failure of undetermined origin”; that some degree 
of coronary disease will probably be found in a 
high percentage of coses, although the relationship 
of the coronary disease to the failure may be in 
doubt when there is no clear ex'idence that it has 
led to a critical diminution of coronary ilow; but 
in a small percentage of cases, no ph)’SioIogic or 
biochemical or anatomic cause for tiic failure wilt 
be demonstrated. The frequency svith which this 
latter occurs is a matter of dispute; certainly, it is 
not common. Nevertheless, we do not belies'e that 
the concept of the aging myocardium, presbyeardia, 
can be in doubt. 

The Scope of "Heart Failure." Some believe that 
this term should be applied only to myocardial fail- 
ure and should even be still further limited to fail- 
ure of the ventricular myocardium. This concept 
holds that the congestive syndromes resulting from 
stenosis of the atrioventricular valves or from peri- 
cardial disease are not heart fidlure. In our opinion 
/“heart failure” should include all disorders in which 
congestive phenomena occur as the result of the 
1 inability of the heart to receive and propel the 
J blood which is offered to it. The principle involved 
is the same whether heart failure is due to aortic 
stenosis or to mitral stenosis, even though in the 
one case it is inadequacy of the thick left ventricle 
and in the other incompetence of the thin atrium. 
In these instances and in patients with endocardial 
fibrosis or with constrictive pericarditis, congestive 
phenomena due to structural disease of the heart 
are observed and the restriction of the term "heart 
failure” to those disorders in which the ventricular 
myocardium is at fault can lead only to confusion. 

^he concept that heart failure occurs when car- 
diac output is inadequate in relation to 0ing load 
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(p. 100) is also of importance in comprehending 
the significance of the high^output disorders which, 
as already mentioned, are likely to be curable. In 
the case of most of these, such as th^Toloricosis and 
anemia, tJie presence of congestive phenomena in- 
dicates heart failure. However, when tJiere is a 
primary increase in blood volume (as contrasted 
lo hypervolemia secondary to heart failure), such 
as may occur in the oliguric states induced by acute 
renal necrosis or by glomerulonephritis or following 
administration of intravenous fluid in excessive 
quantities to elderly patients, a true state of “non- 
cardiac circulatory congestion" may e.xist. Under 
such ctrcumstances, slight elevations of venous 
pressure and even of ventricular end-diastolic pres- 
sure may be present without heart failure. Since 
in the case of the young normal heart the output 
may increase severalfold rvithoul significant rise 
in pulmonary' pressures, it is not likely that pulmo- 
nary capillary pressure can increase so much as to 
exceed oncotic pressure as the result of hypervole- 
mia alone. The degree of h)pervolemia and hence 
of filling load required to produce such a marked 
elevation of tlie pulmonary pressure w’iU necessarily 
depend on the myocardial resen’e. This explains 
why the stale of “noncardiac circulatory conges- 
tion,” induced by intravenous fluids, rarely leads 
to true heart failure in young persons but fre- 
quently docs so in elderly subjects with previously 
asymptomatic presbyeardia. In any patient rvith an 
elevated filling load, the presence of rales consti- 
tutes strong evidence that true heart failure is pres- 
ent. The diiferentiation between the rare disorder 
“noncardiac circulatory congestion" and heart fail- 
ure thus depends largely on the prescncsjoLiales,- 
gallop.. and especially on the demonstration that 
digitalis administration produces improi'cment. 

The Total Picture. “The physician should con- 
stantly bear in mind that a single laboratory or in- 
strumental report should rarely be the sole basis on 
which a clinical judgment is based. If we empha- 
size the electrocardiogram in the following chap- 
ters, it is only because this particular form of evi- 
dence pertaining to the heart is so widely employed 
and one to which so much deference is paid. The 
clinician should never forget that Uie electrocardio- 
gram is a very precise instrument but the informa- 
tion that it affords us is limited. Technical errors 
may lead to confusion. The person who interprets 
the tracings is not infallible, and the most experi- 
enced and authoritative electrocardiographers may 
disagree about the reading of a record. The physi- 
cian would do w’ell to be wary about being misled 
by a purposefully and even necessarily ambiguous 
report: "consistent with myocardial ischemia.” Prac- 
tically any type of tracing is consistent with myo- 
cardial ischemia, even a perfectly normal record. 
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DISEASES OF ORGAN SYSTEMS 


let alone one disp!a)’ing minor S-T or T-wave al- 
terations. We do not mean to imply that the elec- 
trocardiogram is to be Ignored. ^Ve do mean to 
emphasize lliat the physician must not relinquish 
his responsibility, which is to integrate the total 
picture: history, physical examination, as well as 
data obtained by instrumental and laboratory pro- 
cedures. He should not permit his judgment to be- 
come paralyzed by .1 report dictated In a distant 
office by a person who has available only a fraction 
of the information necessary for a valid decision 
about tl\e condition of a patient. Above all, be 
should avoid the fallacy of treating the electrocar- 
diogram and of creating an Iatrogenic invalid Neg- 
ative T waves do not constitute a disease. Exactly 
the same admonitions apply to murmurs, Irregulari- 
ties of the heart, and other deviations from the 
norm Each must be interpreted in the context of 
the total picture. T/ie ehnician must remain a clini- 
cian and not become a mere recipient ond slave of 
reports; that is, he must never cease exercising 
judgment in his management of a cUnicol problem. 
Finally, in his assessment of the total picture, he 
must constantly bear In mind tliat even the person 
with unquestionable organic heart disease may be 
suffering from symptoms of psychogenic origin and 
that these may be responsible for more concern and 
apprehension than may be caused by structural dis- 
ease. 
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OAn CONGESTIVE 

HEART FAILURE 

T. R. Harrison and 
Wdliam II. Resnik 


The patient with cardiac disease may face any 
one of four major hazards or a combination of them. 
These are (1) inadequate coronary circulation, (2) 
bacterial endocarditis, (3) embolic complications, 
and (4) congestive failure. The first three of these 


hazards are dealt with in Chaps. 254, 151, and 262, 
respectively, and the present chapter is limited to 
the subject of congestive failure. This may be cle- 
ffned as that disorder in W'hich the response of the 
heart is inadequate in relation to the blood which 
is offered to it (p. 100). 

NATURAL HISTORY 

The concept of the senile heart (Dock’s presby- 
cardia) is fundamental for the understanding of 
the pathogenesis of many instances of heart failure 
It explains why loads which are readily tolerated 
by young persons may lead to severe and even fatal 
failure in elderly individuals (p. 1378). 

Heart Failure with Effort. Affliii/csfations and 
Diagnosis. Tlie early symptoms of heart failure are 
undue dyspnea and fatigue during muscular exer- 
cise. Since ready fatigability occurs in so many 
diseases it has little diagnostic import, and when 
due to cardiac disease it is often masked by the 
discomfort of breathlessness. Thus the recognition 
of Incipient heart failure depends, in the main, on 
the evaluation of dyspnea. 

The patient’s age, weight in relation to height, 
and exercise habits must be evaluated before it is 
decided tliat the shortness of breath is anything 
other than a normal physiologic phenomenon. Like- 
wise, the emotional status must be considered. 
Worry about the presence of a minor vahe lesion 
may lead to a sensation of smothering, with the 
typical sighing which is so characteristic of the 
anxiety slate (p. 391). 

Even when an individual's shortness of breath is 
known to be beyond the physiologic limits, it do«s 
not necessarily follow that cardiac disease is the 
cause. Frequently, emphysema, advanced bronchi- 
tis, or other pulmonary disorders are responsible 
Less commonly, anemia or ev'en muscular weakness 
consequent to any grave constitutionaf disorder 
may lead to some shortness of breath. The differ- 
ential diagnosis of dyspnea has been discussed in 
some detail in Chap. 14, but three points merit 
emphasis here: (1) In deciding whether dyspnea 
is of cardiac origin, the presence of clinical, elec- 
trocardiographic, or radiologic evidence of organic 
cardiac disease is important but not necessarily 
conclusive. (2) The measurement of circulation 
time is a simple and valuable procedure. With the 
exception of those disorders associated with in- 
creased cardiac output (Chap. 13), cardiac dysp- 
nea of significant degree Is associated with prolon- 
gation of the circulation time through the lungs 
On the contrary, noncardiac dyspnea is usually as- 
sociated with normal values. (3) In most border- 
line situations the response to a therapeutic test 
will supply conclusive information. If the dyspnea 
is of cajxiiac origin, the administration of digitalh 
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and of a mercurial diuretic, plus the ingestion of 
a salt-poor diet, ^^^ll usually produce decisive ben- 
efit within 3 or 4 days. The patient’s subjective 
impression concerning his d)-spnca should be sup- 
plemented by obser\Mtion of the breathing after a 
gi\'en exercise and, in doubtful instances, by meas- 
urements of circulation time before and after the 
therapeutic test. 

Heart Failure at Rest. Man'ifesfaihna and Dias- 
nosia. After a period of months or years, the patient 
^\’ith ca rdiac dvsnnea ten ds to progress into a state 
of frant r congestive heart failure (advanced heart 
failure). At this time sj’mptoms begin to be pres- 
ent at rest. In some instances these symptoms are 
related to congestion of the lungs alone, and there 
is no evidence of systemic congestion. The patient 
then has s hortness of breath in the recumbent pos- 
ture a nd frepuently suffers tro nTparoxvsms of dysp - 
nea (s ee discussion below, under Acute Failure of 
the Left Side of the Heart). The evidences o f car- 
diac enla rgement are likely to be clearly apparent, 
and^g allon fhttlinl is the rule. Rales at the lung 
bases w ill usually be'lound. but their absence do«~ 
not exclude the presence of left-sided heart failure 
associated with congestion but without edema of 
the lungs. Some patients display ^hydfothoiax a t 
this time, but in most instances this complication 
occurs later as general anasarca begins to appear. 

The clinical picture of left-sided failure fs usually 
so distincth’e as to oiler little problem in diagnosis. 
In doubtful instances, measurement of the circula- 
tion time and obser%'ation of the response to digi- 
talis will usually remos'e all doubt. 

Eventually, the pattern of right-sided heart fail- 
ure dexelops. In some instances this does not ap- 
pear until the patient has already experienced the 
phenomena of left-sided faUure for some weeks or 
months. However, occasionally the rivo sides of the 
heart appear to fail at about the same time. The 
usual signs of. right-sided fajl ure ate distention of 
the veinS_associated_w^ increas ed venous pressure , 
the prEseiice.of,aTi.eii5aTged, tender , and ofte n-paia- 
ful hver^ edema, albu minuri a, and fre quen t ly cya- 
nosis . Hydrothorax is usually present when there 
is faikure of both sides of the heart, and is of great 
practical importance because of the relief that fre- 
quently follows removal of fluid. The , right pleural 
c avity is affecte d somewhat m ore f requently th^ 
the left. This is possibl y related to the tendenc y of 
so me patien ts with heart failur^iTlie oh the ri^t 
side more than on diFleft. ——————— 

.Ascites, is present in almost all instances of ad- 
vanced right-sided failure and, under certain cir- 
cumstances, may be out of proportion to the fluid 
accumulation elsewhere. This is seen frequently in 
children, in patients wi th constrictive pericardi tis, 
and in patients svith rheumatic disease affecb'ng 
the tricuspid valve. Patients with mitral stenosis 


CHAP. 249 1381 

may also exhibit prominent ascites with only slight 
edema of the legs. This is probably to be ascribed 
to anatomic changes in the pulmonary arterial 
branches, with sec ondary mechanical limita b'on of 
con gestion and edema o t tii e lungs. Thus orthopnea 
is minimal, and the eltect^^dl^^avity on the dis- 
tribution of dropsical fluid is less pronounced than 
in most instances of congestive faflure. 

The clinical picture of a patient with right-sided 
failure or with combined failure of the left and 
right sides of the heart is so characteristic that ordi- 
narily there will be no difficulty in recognizing it. 
Other disorders such as ci rrhosis of the live r and^^ 
ili Tombosis nf tVis hp pntic veiias iC hiari’s svndrome TT 
which may produce enlargement of the liver and 
ascites, are not associated with elevation of venous 
pressure in the arms unless congestive failure is also 

to slrilaog distention of the veins of the neck and 
chest, with edema of the upper part of the body. 
Howex-er, the evidences of collateral circulation are 
usually outspoken. Edema due to renabdigf ase. to 
' hepatic disorders, or to rarer causes can usually be 
rwdily' differentiated from the edema due to heart 
failure, by the absence- of venous distention, of rales 
i n the lup g 

In a few patients the pain enns eq uent to hep atic 
congesti on may lead to confu s ion with primary in- 
traabdominai diso7ders. Tjiis error can W~avoi3ed 
by a tnorougn examination of the circulatory sys- 
tem as well as of the abdomen. 

Many patients without cardiac failure display 
piomme nc c of the cerv'ical veins when recu mbent 
Dist ention of these vems is .i ndicative, of increased 
~ Vch5us p^sure only when it is pres ent_in J:he 
sitti ng or semisitTing position. In doubtful instances 
the' demonstration that compression of the upper 
abdomen causes marked distention of the cervical 
veins may be helpful. Patients who are recovering 
from cardiac failure may not have elevation of 
venous pressure. Likewis e, individuals in whom 
hea rt failure develops very ^ drl enly , wit bo-ut,!su ffi- 
cient t ime for compensa to ry elevation o £_blQQd.-vol- 
ume ^ may h■^VR no measurable increase o f venous 
pr essure despite marked edema of the .fu ngsi in 
other patients with r apidly developmg failure ther e 
may be di stention of^^ centra l ar^ cervical v eins, 
with .collap s e (or constriction 1 ~ ot the j^ripH^ l 
vein s. A? a rule, however, this function is ele\ated 
in individuals with failure of the right side of the 
heart. 

The distinch’on of heart failure from hj'pervo- 
lemic states and the relationship of “noncardiac 
circulatoiy congestion” to heart failure have been 
discussed on p. 1379. 

Progression of Heart Failure. The advance from 
the early stage, wth dyspnea only on effort, to the 
full-hlown picture of combined leH- and right-sided 
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failure may occur gradually over a period of )’ears, 
even Uiough there is no evidence of increasing load. 
In such an instance, either progressive rnywardial 
disease or loss of myocardial reserv’c as the result 
of the aging process is probably responsible. More 
commonly, however, progression tends to occur in 
a jerky, stepwise fashion rather than in a slow con- 
tinuous evolution. Anything which accelerates the 
heart rate or increases cardiac output is likely to 
precipitate the next stage of heart failure. Thus any 
ectopic tachycardia may precipitate grave heart 
failure in a person with diminished cardiac reserve 
due to disease or age. Also important are other 
causes of tachycardia, such as fever from any cause, 
respiratory infections with severe coughing, exces- 
sive physical exertion, prolonged and severe emo- 
tional stress, anemia consequent to concurrent dis- 
ease in other areas, pregnancy, and especially, pul- 
monary infarction Another frequent aggravating 
cause of heart failure is the excessive ingestion of 
salt. 

COMMON CLINICAL FINDINGS 

There are a number of situations in which the 
heart fads suddenly. They include myocardial in- 
farction, fulminant myocarditis, certain ectopic 
tachycardias, and various rarer disorders. These 
several types of acute cardiac faJurc arc associated 
with evidence of minimal systemic congestion, be- 
cause they set in so rapidly that there Is not time 
for compensatory Increase in blood volume to occur. 
Hence these conditions are hbely to be character- 
ized by a shift of blood from one portion of the 
circulation to another, and in most instances, the 
clinical picture mimics that of peripheral circula- 
tory failure or shock, the manifestations of conges- 
tion being limited to the pulmonary vascular bed. 
This type oi svvddtn casdvac Caduse » discussed in 
Chap. 13 and need not be considered further here. 
However, tlierc is one form of acute heart failure 
which merits detailed discussion because of its fre- 
quency and of its response to Uierapy. This is the 
condition known as cardiac asthma or acute puU 
monanj edema. 

Acute Failure of the Left Side of the Heart 
(Paroxysmal Dyspnea, Cardiac Asthma, and Acute 
Pulmonary Edema). Patients with hypertension, 
with lesions of the aortic valve, and with coronary 
sclerosis frequently are awakened by seizures of 
dyspnea. Similar attacks may occur in patients with 
mitral stenosis when marked tachycardia, due to 
exercise or an ectopic rhythm, reduces the diastolic 
filling period, %’arious names have been applied to 
these episodes. The severe and fatal instances are 
characterized by acute edema of the lungs. In many 
of the patients the moist rales are limited to the 
bases, and the physical signs are chteEy those of 


brondii.lI obstruction, with wheezes and rhonchi 
It is probable that edema of the bronchial walls is 
especially important here, although some believe 
broncliospasm to be concerned. When the number 
of moist T.iles is limited in rclaticm to the wheezes 
and squeaks, the condition may be confused with 
bronchial asthma or with other causes of wheezing 
Since the episodes usually occur at night, the temi 
paroxysmal nocturnal dyspnea has been widely em- 
ployed, but It has the disadvantage that similar 
episodes may occur during the day and that otlier 
diseases, sudi as bronchial asthma, occasionally 
cause paroxysmal dyspnea at night. From the stand- 
point of tradition there is some advantage in re- 
taining these several terms, provided it is clearly 
understood that they all refer to one fundamental 
disorder — acute failure of the left side of the heart 

Acute left ventricular failure may be induced 
either by abrupt decrease in strength or by sudden 
increase in load. In the former instance, which is 
usually the result of acute myocardial infarction, 
there is no time for compensatory increase in total 
blood volume to occur and the combination of sud- 
den trapping of blood in the pulmonary circuit 
with decline in cardiac output produces decrease 
in blood pressure and the picture of oligemic sbodt 
m the systemic vessels. 

More commonly, these seizures are precipitated 
by an elevated filling load. Tin's is usually caused 
by a temporary increase in total blood volume con- 
sequent to the recumbent posture, with reabsorp* 
lion of extracellular fluid from the dependent parts 
of the body. Under these circumstances there is 
no deficiency of blood in the systemic area, the 
cardiac output and blood pressure are well sus- 
tained, and the shocklike state is minima! or absent. 
Less important causes of increased venous return 
and filling Ipad are cough, nightmares, excessive 
Nvarmtb. and possibly abdominal distention. 
nanly, they represent the final straws which may 
awaken the patient or exaggerate the effects of the 
reabsorbed fluid. 

In a typical instance the patient, who has pre- 
viously had some shortness of breath on effort but 
no symptoms at rest, retires for sleep in his usual 
stale of health. After an hour or more he is awak- 
ened with a sense of suffocation, sits up, and may 
seek an open window. At the same time there is 
some coughing, and examination of the lungs at 
this period will reveal a few moist rales at the bases 
and scattered squeaks over the lung fields. In most 
instances the attack subsides after a few minutes 
of panting and coughing in the upright position. 
However, m the more severe attacks the dyspnea 
becomes progressively worse, the cough more se- 
vere, and there is expectoration of copious frothy 
sputum tinged with blood. Examination reveals 
SCTttercd wheezes and squeaks and, in addittoO, 
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moist rales all over both lung fields. This is acute 
pulmonary edema, nhich may be fatal within an 
hour or two unless appropriate therapy is promptly 
instituted. 

The gravity of the attacks is related to the degree 
of transudation from the pulmonary capillaries. This 
depends on the balance between the oncotie and 
mechanical pressures. Because of the low pressure 
(8 to 10 mm Hg) normally present in the pulmo- 
nary capillary bed, there is a wide margin of safety. 
Increments up to a value of about 25 mm Hg lead 
to congestion of the lungs and relatively mild 
dyspnea. At higher levels the oncotic pressure is 
exceeded and the rapidly developing pulmonary 
edema causes the more severe attacks. 

Tj’pically, these seizures occur in patients with 
left ventricular failure due to hypertension, lesions 
of the aortic valve, or myocardial disease. The first 
episode may be initiated by a myocardial infarc- 
tion, which may be painless. 

Attacks of dyspnea which awaken the patient 
from sleep are rather uncommon in patients with 
mitral stenosis, except when precipitated by atrial 
fibrillation or pulmonary infarction. Howe\-er, per- 
sons with mitral stenosis may suffer from acute 
ulmonary edema precipitated by exertion or even 
y recumbency. In the latter instances the attacks 
usually begin before the onset of sleep. 

Diagnosis, Disorders other than left-sided heart 
failure may cause acute pulmonary edema. It may 
occur in patients with inspiratory obstruction or be 
caused by inhalation of irritating gases or particu- 
late matter. 

Acute pulmonary edema may develop foUowing 
severe brain injury, e.g., in massive intracerebral 
or intraventricular hemorrhage or in bulbar polio- 
myelitis. Although acute hj-pertension may be pres- 
ent, the precise mechanism is disputed and little 
can be done to alleviate the situation. 

Gravely ill, comatose patients often exhibit coarse 
and rattling respiration. This does not represent true 
pulmonary edema but instead is due to accumula- 
tion of mucus in the bronchi because of muscular 
weakness and depression of cough reflexes. 

Treatment. The initial step should be the admin- 
istration of morphine or an allied drug. The benefit 
resulting from respiratory depressants is probably 
due to the effect of these drugs in breaking the 
%icious cycle whereby dy’spnea, itself a result of 
congestion of the lungs, leads to reduction of mean 
intrathoracic pressure, which causes greater inOow 
into the right ventricle and increase in the severity 
of tlje congestion when the left sentricle is less able 
to propel the blood offered to it. Thus dyspnea 
C. 1 USCS more congestion, which causes more dy-sp- 
ne.n, and so the \icious cycle proceeds until the 
respiration is depressed by a drug of the morphine 
group. 
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Reduction of venous return to the right side of 
the heart can be accomplished to some extent by 
yenostasi s, which consists in applying tourniquets 
to three extremities. Every few minutes a tourni- 
quet is placed on the fourth e.\tremily and one of 
the others is released. Thus the danger of throm- 
bosis is minimized. In the severer instances vene- 
section should be employed, and one should not 
hesitate to withdraw as much as a liter of blood 
in successive bleedings of 500, 300, and 200 ml, 

Oxygen is urgently needed in patients uith acute 
pulmonary edema. Details concerning its adminis- 
tration are presented in Chap. 268. 

When patients who have not received digitalis 
develop acute pulmonary edema, the rapid-acting 
digitalis preparations roust be administered itnme- 
diately. Lanatoside C (Cedilanid) should be given 
intravenously. The total dose for a patient not pre- 
viously receiving digitalis is usually 1.2 to 2.0 mg, 
which may be gi\’en over a period of 2 hr, or less, 
in urgent instances. The initial dose should be 0.8 
mg, and subsequent doses of 0.4 mg may be given 
at half-hourly intervals. 

When a patient has already been receiving digi- 
talis the problem is more difficult. Once it has been 
determined that the patient is only partially digi- 
talized, then lanatoside C should be used with cau- 
tion in an initial dose of 0.4 mg, followed by 0.2 
mg at half-hourly intervals, until improvement oc- 
curs or evidence of digitalis intoxication appears 

In the prevention of attacks of acute pulmonary 
edema the following principles of therapy arc im- 
portant: (1) The maintenance of adequate digi- 
talization. (2) The treatment of extracellular fluid 
excess, even though there may be no detectable 
pitting edema. This involves iJie utilization of dfu- 
lelicsand restriction of sodium chloride. (3) Every 
attempt should be made to avoid the precipitating 
factors. A patient who has been having attacks of 
acute pulmonary edema should sleep in the semi- 
sitting position and should have a special bed when 
this is available. Mild sedatives should be admin- 
istered to minimize disturbing dreams. Cough and 
emotional stresses should be controlled so far as 
possible. The evening meal should be small, in 
order to minimize cardiac work. 'Wlicn the condi- 
tion occurs repeatedly, a responsible member of 
the family should be instructed in the administra- 
tion of morphine or an allied drug as soon as the 
attack begins. Otherwise, the patient may succumb 
before the physician can reach the bedside. 

To summarize, attacks of pulmonaiy edema c.iti 
be best presented by V’igilant and s’igorous appli- 
cation of those therapeutic principles svhich are 
used to treat heart failure in general, and sshich 
are discussed later in more detail. 

Periodic Breathing. In elderly persons wiffi faff- 
ure of the left side of Uic heart, penW'" - 
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(Cheyne-Stol.es respiration) may be accompanied 
by recurrent brief episodes of dyspnea. The same 
patient may have this periodic dyspnea as be dozes 
oQ to sleep and then be awaVened by acute pul- 
monary edema. More commonly, a patient has only 
one of these sjmdromes. The treatment of nocturnal 
dyspnea due to Cheyne-Stokes respiration is essen- 
tially that of heart failure in general. Howe\'er, 
opiates should be used sparingly, and the milder 
sedatives are often efficacious This type of dyspnea 
usually indicates a poor prognosis but, unhke acute 
pulmonary edema, does not constitute a grave 
emergency. 

Chronic Congestive Heart Failure. The majority 
of pabents who have chronic heart failure have in- 
volvement of both sides of the heart. All the mani- 
festations of both right- and left-sided failure are 
present in many patients, but some of them present 
only a portion of these manifestations, such as 
edema without delect.nble hepatic enlargement, or 
the reverse situation. Other patients will have right- 
sided hjdrothora.x \ntb no other evidences of fail- 
ure of the right ventricle. In such instances it is 
uncertain whether tlie accumulation of fluid in 
the pleural cavity comes from the visceral pleura 
and IS a manifestation of left-sided weakness, or 
uhetlier it arises from the parietal pleura and is 
the result of early right-sided failure. The rarity of 
liyJrothor.'i'C m patients with involvement of one 
side of the heart only and its frequency when left 
and right failure coexist suggest that congestion of 
both parietal and viscera] pleura may be necessary 
for Its development. 

It should be emphasized that slight pitting of the 
ankles at the end of the day occurs in many healthy 
persons. Individuals who have lost weight fre- 
quently have a palpable liver. Elderly persons who 
are leading a sedentary life are often short of 
breath on exertion. Cmotionol disturbances may 
rarely cause episodes of shortness of breath (usu- 
ally described as “smothering”) at night. Thus there 
may bo some doubt in a borderline situation as to 
whether a patient does or does not have cardiac 
failure. In such an instance observ'ation of the re- 
sponse to a diuretic and to digitalization will usu- 
ally supply conclusive evidence. NVhen the symp- 
toms mentioned are not due to cardiac disease, lit- 
tle or no improvement will lie noted, and even this 
will be mainly the result of suggesbon. When, how- 
ever, such apparently minor sjTnploms arc in re- 
ality the earliest indication of m^'ocardia] failure, 
the administration of digitalis to a paUent who has 
not previously received it, and of diuretics, will 
usually result in such striking improv’cment as to 
remove all doubt from llic physician’s mind. Ac- 
tually, in most instances such a tlierapeutic test is 
not necessary because the presence of a d Lastplic 
gallop vvvll often settle the question conclusivelv*. 
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However, one should remember that the presence 
of objective evidence of cardiac disease, such as an 
organic murmur or an unquestionable abnormality 
of tlie electrocardiogram, does not necessarily mean 
that the s)'mptoms are the result of cardiac disease 
Individuals with such minor cardiac abnormalities 
may have symptoms which are the result of coex- 
istent emotional or physical disorders. In such per- 
sons impressive responses to digitalis and diureb’es 
will not be observed. 

It should be emphasized again that the diagnosis 
of congestive failure must not be based on any one 
manifestation but rather on a combination of them 
Thus enlargement of the liver and ascites may be 
the result of cirrhosis, and an almost idenb'eal pic- 
ture may be caused by constrictive pericarditis. In 
the latter instance Uveie will be increased pressure 
In the cervical veins and in those of the upper ex- 
tremilies, such manifestab’ons being absent in pa- 
bents with cirrhosis. Likewise, mediastinal tumors 
may be associated with increased pressure in the 
veins of the neck and of the arms, but evidence of 
congestion in the lower part of the body will be 
absent. 

Edema due to renal disease is associated vvifli 
eharaclerislic changes in the urine. The findings are 
either those of the nephrotic syndrome, with mas- 
sive albuminuria, or of acute glomerular nephritis, 
with hematuria and cellular casts. Hypoalbumine- 
mia IS frerjuently present in minimal degree in pa- 
tients vvith chronic cardiac edema but rarely ap- 
proaches the low values observed in persons with 
nephrosis and cirrhosis. Patients with acute glo- 
merulonephritis often have both cardiac and renal 
factors present and operative in the causation of 
edema. The presence of dyspnea, hypertension, 
cardiac enlargement, a diastobc gallop and, espe- 
daily, of improvement following digitalization will 
usuafly 6e sufficient to uichct the heart as one faefor 
in the production of edema. 

Prognosis is uncertain in patients with chronic 
cardiac failure. One cannot predict when massive 
pulmonaiy infarction, a severe intercurrent infec- 
tion, or cerebral v.'iscular complications will occur. 
Despite such uncertainties, several factors are of 
particular import.ince in prognosis. The first is the 
response to treatment. The failure of impressive 
improvement to set in witlim a few {la)s following 
vigorous therapy is likely to indicate a grave out- 
look. 

Tlie second factor is the type of underlying cur- 
diac disease. MTien the congestive failure is basi- 
cally the result of a mcclianical lesion such as tii- 
cuspid stenosis, mitml stenosis, or constrictive peri- 
carditis, the prognosis is likely to be much better 
tlian when {lie dinical manifestations arc the result 
of a failing mjocardium. It is the latter which is 
responsible for heart failure in palii-nts svith mm- 
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nary artery disease and in those \vilh hypertension 
and aortic valvular disease. Although these latter 
individuals have a mechanical burden, symptoms 
do not occur until the left ventricular myocardimn 
has lost its reserve. On the other hand, the pulmo* 
nary manifestations of mitral stenosis are depend' 
ent on a purely mechanical disorder, as are the 
systemic congestive manifestations of tricuspid ste- 
nosis. Therefore, patients with heart failure due to 
stenosis of the atrioventiicular valves may live for 
many years in a state of semi-invalidism. This is 
rarely the case when, as the result of disease or of 
the mechanical load, the myocardium has to be- 
come defective before heart failure develops. 

A third important factor in prognosis is the 
evaluation of the circumstances under which heart 
failure develops. When it has occurred as the result 
of some circumstance that is particularly amenable 
to treatment or correction, such as atrial fibrillation 
wjth a rapid rate, or respiratory infection, or undue 
exertion, or the excessive ingestion of salt, the prog- 
nosis is hkely to be much better than when heart 
failure has developed in the absence of any such 
additional stress. 

As a general rule, marked cardiac enlargement 
indicates a gloomy outlook, proM'ded it is mainly 
due to ventricular enlargement and not to atrial 
dilatation or pericardial effusion. In the final analy- 
sis, however, the response to treatment is the single 
most Important point in prognosis. 

TREATMENT OF CHRONIC CONGESTIVE 
HEART FAILURE 

Frevention and Management of Aggravating 
Factors. The clinical state of patients with chronic 
cardiac disease does not progress steadily do^vn- 
ward but tends to remain stationary or improve 
slightly for long periods of time, with sudden wors- 
ening as the result of various complications. Most 
of these complications are conditions which cause 
acceleration of the heart rate and/or increased out- 
put. Ectopic tachycardias, with extremely rapid 
rates, may precipitate failure in individuals with 
previously good myocardial reserve. However, when 
the reseive power of the heart is much diminished, 
even slight degrees of sinus tachycardia may exert 
deleterious effects. Respiratory infections with the 
associated distressing cough, physical exertion be- 
yond that which produces d)'spnea, fever due to 
any cause, emotional stress, and anemia are par- 
ticularly important in this respect. The therapeutic 
implications are obvious. 

Pulmonary infarction, discussed in Chap. 262, is 
one of the commonest complications. Its likelihood 
can be reduced by avoiding exccssiie rest in bed, 
by permitting some slow walking, by clastic band- 
ages, by alertness in the detection of phlebothrom- 
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bosis, and by the use of anticoagulants in appro- 
priate instances. 

In patients svith cardiac disease, pregnancy in- 
volves a number of special problems, which are 
discussed later. 

Rest and Activity. The initial consideration in 
the management of the patient with congestive 
failure is that of placing him in a position in which 
dyspnea and the consequent metabolic demands of 
labored breathing on the heart are minimal. In most 
patients the semirecumbent position in bed meets 
these requirements. The upright posture favors 
edema formation in the dependent portions of the 
body but tends to diminish pulmonary edema, a 
far more serious condih'on than peripheral edema. 

Ordinarily, the patient with congestive failure 
should be allowed to get out of bed and walk to a 
nearby commode for bowel movements. This pro- 
cedure has the additional advantage of tending to 
exercise the leg muscles and thereby reduce the 
likelihood of phlebotbrombosis and pulmonary in- 
farction. When for any reason the patient's strength 
does not permit being out of bed and walking a 
little each day, anticoagulant drugs, elastic stock- 
ings, and passive exercises of the legs plus massage 
are indicated. 

The advantages of the recumbent position are its 
favorable effects on peripheral edema and on fa- 
tigue. On the other hand, this position encourages 
rcabsorption of fluid and thus tends to induce par- 
cij^-smal dyspnea. There is some advantage in at- 
tempting to Induce diuresis by having the patient 
assume the horizontal position for several hours a 
day, preferably in the late afternoon provided dysp- 
nea is not induced. When this daily rest period 
induces diuresis, it should be canied out indefi-' 
nitely, as long as the activities of the day in the 
upright position result in the development of more 
than a slight amount of edema of the lower ex- 
tremities. 

Diet and Fluids. All patients with heart failure 
should be placed on a low-sodium diet, the extent 
of the sodium restriction depending on the severity 
of the cardiac failure. With the elimination of salted 
foods, the use of sodium-free milk, bread, and but- 
ter, and the avoidance of canned vcget.ables and 
prepared condiments, diets containing not more 
than 200 to 400 mg sodium per day can be admin- 
istered. At the same time it is important to be 
certain that the water ingested (especially if it is 
water that has been softened) is poor in sodium 
and that drugs containing sodium are avoided. This 
extremely unpalatable type of diet is necessary only 
for patients Ivith advanced heart failure. In milder 
instances diets containing 1.0 to 2.0 Gm sodium 
(2.5 to 5.0 in salt) may be permitted. 

When the patient with congestive failure is first 
seen, anorexia may be so severe as to preclude a 
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reasonably well-balanced diet. Under these circum- 
sfanccs sodium-free milk (Lanolac) or fruit juices 
and bananas, containing only minute qu-anliHes of 
sodium, are preferable to the traditional Karell diet 
(800 ml milk per day, containing about 400 mg 
sodium) for the first 2 or 3 days. At the end of this 
time, and as the result of this regime and other 
therapeutic measures simultaneously instituted, it is 
usually possible to administer a balanced diet con- 
taining not more than 200 to 400 mg sodium 
(equivalent to about 0.5 to 1 Gm sodium chloride). 
When compensation is fully restored or when the 
maximal therapeutic effect has been achieved, some 
of the dietar)’ restrictions may be lifted. However, 
it is preferable to insist tliat the patient remain 
permanently on a diet containing not more than 
1.0 to 2 0 Gm sodium, and considerably less in the 
case of those individuals whose myocardial effi- 
ciency is markedly impaired. The less the sodium 
intake, the less die tendency for outspoken con- 
gestive failure to recur, and the less the need for 
diuretics 

The various commercial sodium-free substitutes 
for table salt are considered to be palatable by a 
few patients. Others prefer x’inegar, onion, or lemon 
juice to overcome the insipid taste of a sodium-poor 
diet. 

The Intake of water should usually be regulated 
by the desire of the patient. 

\^^eight reduction is desirable for obese patients, 
and thiamine is indicated when there Is protracted 
anorexia even of mild degree. The other vitamins 
may be given also when the anorexia is both pro- 
longed and severe. 

Digitalis. Since this drug constitutes one of the 
cornerstones of management, It will be discussed in 
some detail. 

Mode of Action. The main effect of digitalis ap- 
pears to be strengthening of the cardiac musefe 
with increase in ventricular emptying. Thus the 
drug tends to overcome the cardinal hemodynamic 
defect of myocardial failure, which is defective 
emptying of the ventricles (Chap 13). In patients 
with atrial fibrillation, digitalis causes additional 
benefit by producing pronounced slowing of the 
\entricular rate by reducing the responsiveness of 
the junctional tissues to the barrage of impulses 
arising in the atrium. The slowng of the rate is 
sbght in patients with regular rhyriim and appears 
to be of vagal origin. 

Indications. Atrial fibrillation with a rapid ven- 
tricular rate consbtutes one of the chief indications 
for digitalis When the drug is given intravenously 
as lanatoside C, and when the arrhythmia is of the 
paroxysmal type and of short duration, normal rate 
and rh)’thm are restored in some patients. Howex'er, 
this happens more frequently in patients with par- 
oxysmeJ tachycardia, in chronic atrial ^briUt^on 


DISEASES OF ORGAN SYSTEMS 
the drug slows the rale without abolishing the ab- 
normal atrial rhythm. Digitalis frequently converts 
atrial flutter into atrial fibrillation. Therapeutic doses 
will abolish premature beats in many patients with 
cardiac failure. Toxic doses produce premature 
beats, often in the form of bigeminal rhjihm or, 
less frequently, parox)Sma! atrial tachycardia with 
bloclq ventricular tachycardia, or nodal rhythm. 
These grave toxic effects usually occur in patients 
who, because of diurectics or anorexia, are depleted 
of potassium (p. 1390). Further details concerning 
digitalis and arrhythmias will be found in Chap. 250. 

Tlie most common indication for digitalis is the 
presence of congestive heart failure, even when the 
rhythm is regular. NMien failure is severe, the drug 
alone is often ineffective, and other measures such 
as diuretics are needed. However, in the earlier in- 
stances, and especially in patients having attacks 
of parox)’smal nocturnal dyspnea, digitalis alone is 
usually efficacious in treating and preventing the 
seizures. 

The drug should be used in patients with early 
failure vvlicn the cardiac reserve is diminishing, os 
indicated by increasing dyspnea for a given effort 
or by diastolic gallop. 

In doubtful instances the value of the drug can 
be tested by clinical observation of the response, 
supplemented at times by measurement of vital 
capacity and circulation time, before and after dig- 
italization. This procedure is occasionally of value 
in differentiatlog dyspnea due to cardiac disease 
from tliat due to emphysema and other pulmonary 
disorders. As a rule, a patient should be given dig- 
italis when the exertion incidental to a reasonably 
active fife begins to induce dyspnea. 

Once digitalis has been administered for conges- 
tive failure, the patient will usually need it either 
continuously or for long intervals throughout most 
of his life. The practice, frequently followed, of 
discontinuing the drug as soon as the overt mani- 
festations of congestive failure have disappeared is 
not sound. 

In some patients with paroxysmal atrial tachy- 
cardia, the seizures are prevented by the daily ad- 
ministration of digitalis; in other instances, this 
procedure is ineffective. 

Contraindications. This drug, like any other, is 
contraindicated under conditions where there is no 
clear indication for its use. Neither enlargement nor 
murmurs constitute an indication unless there is 
dyspnea or edema. It should not be given to pa- 
bents with sinus tachycardia, except when clear 
evidence of congestive failure, either actual or im- 
minent, is present. 

Digitalis may cause nodal or ventricular tachy- 
cardia. or atrial tachycardia with block (p. 1400), 
and most instances of fatal digitalis intoxication 
arise from the mistaken assumption that the pres- 
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encc of tlic rapid rate in such patients conslitules 
an indication {or larger doses. Bradycardia of mod- 
erate degree is often a desirable effect, and the 
common practice of discontinuing the drug when 
the heart rale is less than 70 per minute is unsound. 
In some patients maximal benefit is achieved at 
resting rates bctvvccn 50 and 60. In persons with 
atrial fibrillation it is desirable to administer enough 
of the drug so that the heart rate after mfld exer- 
cise also remains within the normal range. 

Prcj'arafion end Dosnsc. If one form of digitalis, 
administered properly, fails to produce improve- 
ment, it is unlikely that significant benefit will be 
obtained by a different preparation. The best re- 
sults will usually be achieved by the physician who 
familiarires himself thoroughly with only two prep- 
arations, one a rapid-acting l)’pe for emergencies 
and the other an intermediate or long-acting prod- 
uct for long-term digitalization. 

The idea that all patients require about the same 
dosage of digitalis is mistaken. Actually, there are 
wide variations. Tlie powdered leaf, about 1 2 to 
1.0 Cm in 4S hr, and gitalin (Gitaligin), about 5 
to 7 mg in 48 hr, are e.xccllcnl preparations for most 
patients who have not been previously receiving 
the drug, H'hcn there is no emergency, the best 
procedure is to give a patient about two-thirds of 
the minimal digitalization dose in the first 24 hr. 
If such a dose causes no improvement, it is un- 
likely that digitalis will be of much value. If the 
expected benefit Itas been achieved, the mainte- 
nance dose may be instituted without proceeding 
to “full" digitalization. If the degree of improve- 
ment is less than anticipated, the average mainte- 
nance dose may be given three limes daily after 
meals for several thtys, and then twice daily after 
meals The patient should be instructed not to taVc 
the drug unless the meal has been eaten and en- 
joj’cd. In this way the onset of anorexia, which is 
usually the initi.nl manifestation of toxic effects, 
tends to limit the dosage of the drug. The usual 
maintenance dose is about 0.5 mg gitalin, 0 1 mg 
digiloxin, or O.I Gm powdered leaf. 

Many physicians prefer to use digitoxin because 
the available knowledge concerning its absorption, 
excretion, and destruction appears to be more pre- 
cise than in the case of other preparations. Such 
know-ledge indicates that about one-half the daily 
administered dose is excreted daily and that the 
destruction is largely independent of dosage and 
proceeds at a fi.xed rate for a given patient. If the 
sum of excretion and destruction is greater or less 
than the daily intake, the patient will eventually 
lose the digitalis effect or develop digitalis intoxi- 
cation. It is probable that the same principles ap- 
ply to other digitalis preparations, and if so, it is 
thcoreticaHy impossible to maintain a patient in a 
pToperlif digitalized state on a constant dady mom- 
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tenance dose unless it is almost exactly equal to 
the sum of the daily excretion enrf desfruefion. This 
dilemma may be avoided by routinely utilizing the 
average maintenance dose, or slightly less of one 
of the intermediate preparations (digoxin or gitalin), 
and giving augmentation doses for a few da)’S every 
2 or 3 weeks. The patient is instructed to take the 
previous daily maintenance dose three times daily 
after meals and only provided the appetite has not 
suddenly declined. This procedure is continued un- 
til (1) anorexia and/or nausea develops, (2) the 
physician, who should see the patient daily during 
tills period of augmented dos.age, detects frequent 
premature beats or sudden increase in heart rate, 
or (3) the desired clinical improvement occurs. In 
the latter instance, there is no need to continue to 
the point of toxic effects. Many patients do not 
require complete digitalization and wiU improve on 
this plan without untoward effects. 

This third phase of digitalis therapy, i.e., periodic 
augmentation in addition to the traditional phases 
of initial digitalization and daily maintenance dos- 
age is of great practical value in preventing the 
loss of effectiveness of the drug and the consequent 
worsening of heart failure which otherwise occurs 
in most patients who are kept on a constant daily 
dose for a long period of time. However, the pro- 
cedure is hazardous unless certain precautions are 
observed. One of these is the concomitant admin- 
istration of 1 Gm potassium chloride after each 
meal. This may be given either as tablets or as a 
25 per cent soluUon, 4 ml being added to a large 
glass of orange juice. The hkehhood that serious 
arrhythmias will precede the annoying but much 
less dangerous anore-ria is thereby sharply reduced. 
When anorexia and nausea develop it is essential 
to decide whether these sj-mptoms are due to digi- 
talis or to some other cause such as potassium salts, 
ammonium chloride, or opiates. Another precaution 
implies daily observation by the physician during 
the period of augmented dosage, in order that die 
exceptional situation in which, despite potassium 
therapy, the digitalis induced arrhythmias appear 
first may be detected. A third precaution involves 
the use o! those preparations (gitalin and digoxin) 
whiclv, while effective by the oral route, have a 
relatively brief duration of action. They are pref- 
erable both for maintenance and for augmentation, 
because intoxication of mild degree frequently oc- 
curs during the periods of augmentation, and the 
duration of such intoxication is less than when 
digito.xin or powdered leaf is employed. 

When a rapidly acting digitidis is desired, or 
when one is uncertain as to whether or not the 
drug should be given and wishes to use a prepara- 
tion the effect of which will wear off within a few 
days. Digitalis ianata may be administered intra- 
venously. The most satisfactory preparation of 
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Digitalis lanata is lanntosicic C. Its quick onset 
of action makes it especially valuable in the man- 
agement of such emergencies as acute pulmonary 
edema. Its rapid disappearance from the body 
makes it useful in patients who need digitalis but 
who are particularly susceptible to its untoward 
effects. Hence, in a person with myocardial in- 
farction and increasing congestive failure, in whom 
digitalization may precipitate a serious disturb- 
ance of rhythm, tliis drug is preferable to others 
of tile digitalis group. On the other hand, the r.a- 
pidity of elimination makes it less desirable for use 
in the management of the usual patient with con- 
gestive faUure. The usual total dose of lanatosidc 
C required for digitalization is 1 to 2 mg for adults. 
This is administered intravenously in divided doses 
over a period of 4 to 8 hr. lllien good response is 
obtained, a longer-acting preparation should be 
used to maintain the effect. Since lanatosidc C is 
rapidly dissipated, this can be accomplished by 
giving gitalin 0.5 mg tliree times daily after meals 
for about 5 days, and then 0.5 mg once daily In- 
definitely. The drug is temporarily discontinued If 
the appetite is lost or nausea develops. In the above 
plnn one may substitute 0.1 mg digitoxin, or 0.1 
Cm powdered leaf for 0.5 mg gitalin. The adminis- 
tration of the longer acting preparation is begun 
about 8 to 12 hr after the final dose of tamvlosidc C 

In patients who have been receiving digitalis and 
who have nausea and vomiting, it may be difRcuU 
to decide whether these symptoms are tfic result of 
abdominal congestion and constitute an indication 
for additional digitalis, or whether they represent 
toxic effects from overdosage. Under such arcum- 
stances the use of acetjlstrophanthidin has been 
proposed. However, this is a hazardous procedure. 
In the usual patient the same information can be 
obtained by stopping digitalis therapy for a few 
days and noting whether the clinical state im- 
roves, as will occur if digitalis intoxication has 
een present. 

Mani/cstofions of Digitalis Infoiicotion. The most 
important of these include gastrointestinal disturb- 
ances — i e., anorexia, nausea, and vomiting, devel- 
oping in that order — and disturbances of tlic car- 
diac rhythm, of which the frequent premature beat, 
usually in the form of bigeminal rhythm, and atrial 
taclijcardia with block are the most common. In- 
version of the T waves and sligiil increase in the 
P-R interval are normal effects of the drug. Severe 
degrees of heart block due to digitalis intoxication 
occur frequently in animals but are very rare in 
man unless there is preexisting conduction impair- 
ment. In an occasional patient the drug converts 
sinus rhjllim into atrial fibrillation. The reverse 
effect — conversion of atrial fibrillation to normal 
rhythm — may occur when the arrh)thmia is of re- 
cent onset. Nodal rh)lhm with moderate to marked 
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tach}cardia occasionally appears, and v'cnlricular 
tacli)'rardia may develop, with danger of ventricu- 
lar fibriIf.i(ion if the aifmrnistration is continued. 
Less common toxic effects include diarrhea and 
xanthopsia (yellow vision). 

\V1icn doses witliin the therapeutic range arc 
employed and potassium depletion is avoided, the 
only common toxic effects are anorcxi.i, nausea, and 
bigeminal rhythm, all of which disappear within 
a few days after withdrawal of the drug. Since it 
is often desirable that the drug be pushed to the 
onset of the minor toxic effects, it is well to warn 
the patient that vomiting may occur. Such w.iming 
not only will alleviate anxiety if vomiting docs ap. 
pe.'ir, but will make the patient more alert to report 
the onset of anorexia, which is usually the initial 
and the most benign indication that die toxic effect 
has developed. However, it is import.inl to remem- 
ber that the more senous toxic effects may super- 
vcnc without the preliminary appearance of the 
usual warning signals in the form of the milder 
manifestations of toxic action. 

Premature beats, or other anhvlhmias, when in- 
duced by digitalis, may be improved by the oraj 
administration of potassium salts (Cliap. 250). Such 
aTTh)llimias are especially hkcly to be caused by 
digitalis when there is potassium depiction as the 
result of the frequent use of diuretics. Since glucose 
ingestion causes decline in plasma potassium, the 
toxic arrhythmias due to digitalis should be sought 
especially carefully during (he period of 30 to CO 
min after a carbohydrate-rich meal. WTien digitalis 
intoxication Is present or imminent, protcin*rich, 
carl)ohydralc-poor meals are indicated, and potas- 
sium chloride (1 Cm three to six times daily) should 
be ailministcrcd orally unless renal Insufflcicney is 
present. 

77jc most lm;iortantprfncip?c of digitalis therapy 
is to push the drug unld the patient exhibits either 
the desired therapeutic action or definite evidence 
of toxic effects. This Is only another way of saying 
what William Withering, who introduced the drug 
into medical practice, staled so cle.vrly: "Let the 
medicine ... be continued imlil it either acts on 
the kidneys, the slomacli, the pulse, or the bowels, 
let it be stopped upon tlic first appearance of any 
of tlicsc effects.” 

Diuretic Drugs. The rational use of these valu^ 
able agents depends upon an understanding of their 
effects on tlic disturbances of renal function respon- 
sible for the retention of sodium and of w.vler. Al- 
though knowledge of tliese disturbances is still in- 
complete, it would appear tliat there are at least 
three different but related mechanisms which call 
for different treatment. One of these is tlic increased 
rcabsorption of water and sodium in the proximal 
tubules, which appears to be dependent in some 
measure on hemodynamic factors and, especially. 
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on the Iiigli filtration fraction which produces an 
ahnormally high oncotic pressure in the blood of 
Use peritubular capillaries. Unbnowri cnijinalic ic- 
aetions arc probably also concerned. The commonly 
employed diuretic drugs sucli as chlorolhI.azide and 
the mercurials tend to block the proximal rcabsorp. 
tion not only of sodium and of chloride but also 
of potassium. The)% llicrcforc, cause diuresis but 
also often lead to potassium depletion which Is not 
ncccssariUj reflected In the plasma potassium level. 

Another mechanism responsible for increased re- 
absorption of sodium and water is the c.tccssive 
formation of aldosterone, which is believed by some 
to act chiefly on the distal tubules. Spironolactone 
(Aldactonc), which is an aldosterone antagonist, 
blocks this action. However, if its main action is 
distal, it can be effective only when significant 
quantities of sodium ore delivered to (he distal 
tubule. Thus if most of Uic sodium should be re- 
absorbed in the proximal portion, spironolactone 
would be of little v.aluc. This is a possible explana- 
tion for its frequent ineffectiveness. Howcx’cr, it 
m.ay be useful as an adjuvant to the comrntional 
diuretics which block proximal rcabsorptlon. Ac- 
tually, because of its expense, this drug should be 
reser\cd for patients who display an inadequate 
response to other diuretic measures. Spironolactone, 
unlike chlorothiazide and mercurials, docs not tend 
to induce potassium deficit. 

A third and probably loss common renal mecha- 
nism is the retention of excessive quantities of wa- 
ter in response to the antidiurctic hormone or to 
some substance having a similar action. This is 
probably one factor in the pioducllon of the serious 
“dilution syndiomc,” which U considered later. 

All patients who have ever suffered from edema 
of cardiac origin and who have a tendency toward 
recurrence should weigh themselves each day un- 
der standard conditions. As a rule this means weigh- 
ing in the morning immediately after rising and 
emptying the bladder, without clothing other than 
slippers and pajamas. The WTitten record of such 
daily weighings constitutes the guide to therapy by 
diuretic drugs. 

The most generally useful diuretics are those of 
the chlorothiazide group. They arc indicated when 
the weight record sho>vs a rapid increase. Since 
anorexia is common in patients with congestive 
failuic, the effects on body weight of expansion of 
cxtraceilukir fluid volume may be masked by con- 
comitant loss of flesh. Therefore, even tliough the 
patient’s w'elght is stationary, chlorothiazide is 
needed when there is progressive swelling of the 
ankles, or whenever there is a sharp increase in the 
degree of dyspnea. 

A generally suitable plan is to admmbter 250- 
to 500-mg doses of chlorothiazide two to four times 
daily for five successive days out of each week, as 
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long as the above-mentioned indications exist. Be- 
cause of the strong tendency for potassium deple- 
tion to occur, potassium chloride should be also 
administered, as already described (p. 1388). This 
is especially important when the normal dietary in- 
take of potassium is limited because of anorexia. 
When there is persistent oliguria or grave impair- 
ment of renal function, potassium adminiStraUon 
may be hazardous and should be controlled by 
repeated measurement of the plasma level. 

Since tlic advent of the chlorothiazide gfoup of 
drugs the mercurial diuretics are needed much less 
frequently than formerly. They should be reserved 
for patients xvith massive edema, in whom espe- 
cially profuse diuresis appears desirable, or for per- 
sons who fail to respond well to chlorothiazide. 

Convincing evidence that any one of tlie cur- 
rently available mercurial preparab’ons is superior 
to the others is lacking. The initial dose should be 
1 ml intramuscularly. If a satisfactory diuresis is 
not produced, 2 ml is given, and this dose may be 
repeated after several days, Unless renal function 
is seriously impaired, it is well to administer po- 
tassium cfiloride {3 to 4 Gm per day) routinely, 
and to add ammonium cldoridc for 3 days when a 
mercurial diuretic is to be administered. The effec- 
tiveness of the latter is someUmes enhanced by the 
prior injection of ominophyllinc intravenously. 

When these measures fail, spironolactone may 
be used in conjunction with chlorothiazide or mer- 
curial diuretics. It is likely to be ineffective if ad- 
ministered alone (sec above), is expensive, and is 
only rarely needed. 

The untoward cflccts of diuretics fall into sev- 
eral categories, the most important being those re- 
lated to clcctrohjte depletion of different types. 
These electrolyte disturbances arc likely to occur in 
persons whose salt intake has been severely re- 
stricted and who have received vigorous mercurial 
therapy with massive diuresis. Aside from refrac- 
toriness to diuretic drugs, there may be no symp- 
toms, or there may be a group of symptoms com- 
mon to all, regardless of the electrolyte patterns; 
lassitude, apatliy, mental confusion, anorexia, de- 
crease in urine volume, and azotemia. IVhen ade- 
quate facilities arc available, frequent measurement 
of the scrum levels of sodium, potassium, chloride, 
and carbon dioxide as well as of urea should be 
carried out, especially when congestive failure does 
not respond to adequate therapy. 

When water, chloride, and sodium are excreted 
in excessive quantities but in ratios similar to those 
present in normal serum, a state of absolute extra- 
cellular fluid dejicit with dehydration may occur. 
A somewhat analogous disorder is the distributional 
disturbance of extracellular fluid. This occasionally 
appears in individuals who continue to have edema 
of the legs because of the orthopneic position but 
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who, as the result of diuretic drugs, have a defi- 
dcncy of extracellular fluid in the upper parts of 
the body. In such patients the diagnosis rests on 
the clinical manifestations of dehydration (p. 459) 
in the affected areas. Measurements of plasma elee- 
trcljics yield norma! values, but urea nitrogen is 
usually dcvatcd. The treatment consists of the ad- 
ministration of salt-enriched foods. Onl)’ rarely is 
parenteral administration of sodium chloride solu- 
tion necessary. 

More common and more serious are those dis- 
orders characterized by lowered concentration of 
sodium and chloride in the plasma. These may be 
induced by (1) disproportionate urinary loss of 
electrolytes as compared to water during diuresis; 

(2) retention of excessive \olumc of water by tbe 
kidneys, probably as the result of the action of tbe 
antidiurctic hormone or of related substances, or 

(3) a shift of chloride and sodium from the extra- 
cellular to the intracellular fluid. Two entirely dif- 
ferent disturbances may occur, and their distinction 
is of practical importance in treatment. 

The salt depletion syndrome is closely related to 
Uic disordcn of extracellular volume which have 
been mentioned above, but differs from them in 
exhibiting low values for the plasma sodium and 
chloride. It usually is seen iihcn edema is absent 
or minimal; evidence of extracellular fluid dcflcit 
is commonly observed m the upper part of the 
body. The ingestion of salt-enriched food or the 
cautious daily intravenous infusion of 200 to 300 
ml of 5 per cent sodium chloride will overcome the 
s)mptoms within a few days. 

The salt dilution syndrome presents the same 
c!ectrol)-te pattern, with law sodium and chloride 
Icx-els, but this condition is more grave and appears 
to dcxelop through a different mechanism. It is 
usually encountered in markedly edematous pa- 
tients during the late stages rf heart laflurc as ^vett 
as in a variety of other unrelated terminal illnesses, 
even when tliere have been no unusual losses of 
salt. Hypertonic sodium cliloridc is rarely of benefit 
in these p.atients, and although tlie plasma cleclro- 
Ijle pattern may be temporarily corrected, thirst is 
aroused, further excesses of water are retained, 
the serum sodium and chloride levels fall to their 
previous levels, and the net result Is an increase in 
tlic extracellular fluid vulume with further increase 
m edema. Tlie proper treatment is marked restric- 
tion of water intake, tlius allowing the insensible 
water loss to repair, in time, the relative electrolyte 
deficit. 

Another important electrolyte disturbance, stem- 
ming primarily from diuresis, is hypochloremic 
alkaiosis due to the disproportionate loss of cliloride 
and of potassium. liody stores of potassium arc 
usually depleted even though scrum potassium may 
be normal. Scrum clJondc is abnormally low, bi- 
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carbonate is correspondingly elevated, and sodiutQ 
remains normal or at near-normal levels. Exactly 
the same chemical findings occur in respiratory 
acidosis, and differentiation between the two must 
be made on chnical grounds unless means for accu- 
rate measurement of the plasma pH are available- 
Respiratory acidosis occurs when tlie primary cause 
of the difficulty is a pulmonary disorder such as ob- 
structive emphysema, interfering witli Oj and CO- 
exchange, or a depression of ventilation (eg, 
morphine or sedatives) acting in essentially the 
same way, Tlie treatment of hypochloremic alkalo- 
sis consists of the administration of ammoniuni 
chloride, 4.0 to 6.0 Cm per day in divided doses or, 
when oral admiiiistratjon is not possible, by the 
slow intravenous infusion of a 1 per cent solution of 
ammonium chloride, at a rate not greater than 100 
ml per hr. A total of 500 ml may be given on one 
day and repeated tbe next, if necessary. The effect 
of acetazoleamide (Diamov) is very similar ti) 
that of ammonium chloride, and the combined effect 
of acetazoleamide, 230 mg t.i.d , and ammonium 
chloride, 4.0 Cm per day, may bring about a fairly 
rapid restoration of chloride to normal levels. Potas' 
slum chloride, 1.0 Gm four times daily, should be 
given orally, since a potassium deficit practically 
always accompanies hypochloremic alkalosis. 

Potassium deficiency in the absence of alkalosis 
may occur following the prolonged use of diuretics, 
particular!)’ when there have been additional losses 
of potassium by vomiting or diarrhea, and when 
anorexia has limited the supply of food. The chief 
manifestations, in addition to those described above 
as being common to all electrolyte disturbances, are 
unusual muscular weakness, abdominal distention 
due to intestinal atony, and electrocardiographic 
alterations: progressive depression of the S-T seg- 
ment and rounding, lowering, and inversion of tlio 
T wave; increasing amplitude ol the U wave in tVic 
left precordial leads. It is important to bear in mind 
that serious potassium deficits may exist even 
though the serum potassium Icv'el may be normal, 
and such a deficiency should be presumed to exist 
when ammonium chloride or acetazoleamide has 
been administered, when hypochloremic alkalosis 
occurs, and particularly when unexpected digitalis 
intoxication develops. 

Be/nicforiness to diuretics represents a grave 
situation. Potassium deficit is probably the com- 
monest cause. When such refractoriness is not 
responsh’e to potassium salts alone, it can often be 
overcome by tlie production of hjpercliloremic 
acidosis. For this purpose ammonium chloride (8 
Cm daily in divided doses) is given for 5 da)S 
Unless the patient is eating normally, potassium 
diloridc {4 to 6 Cm d.iily) should likewise be 
prescribed. During the first 3 days of the regime, 
acetazoleamide is administered in doses of 250 mg 
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twice daily. On the fifth and several subsequent 
dajs, mercurial diuretics are administered. In 
doubtful instances blood chloride and carbon di- 
oxide combining power should be measured daily 
and the acetazoleamide and ammonium chloride 
administration cot^tinued until the respective values 
are significantly altered. In some patients it appears 
to be necessary to achieve levels of 120 mEq pa 
liter or more for chloride and 20 mEq per liter or 
less for bicarbonate, before the refractoriness can 
be overcome. 

Ollier Tlierapeutic Measures. Sedatives. The ju- 
dicious administration of sedatives is helpful, espe- 
cially in the early days of severe congestire failure. 
For dyspnea, morphine (IQ to 20 mg) or Pantopon 
(10 to 20 mg), administered parenterally, is usu- 
ally effective in affording some degree of comfort 
and in ensuring sleep. They are best given In the 
evening and, after 4 hr or more, repeated once dur- 
ing the night if necessary, but always with due 
regard for the caution necessary in the use of these 
drugs in the aged, and for the dangers of habituation 
if they are used for more than a few days. Aside 
from promoting sleep, opiates ate valuable because 
they reduce the strenuous work of the respiratory 
muscles. They also enable the patient to assume 
the recumbent position, which often initiates diure- 
sis. After the first few days, when congestive fa'ilure 
has been considerably aUeviated, moderate amounts 
of barbiturates may be substituted. During the day 
the meprobamate tranqullizing drugs or small doses 
of phenobarbital (15 to 30 mg), ^vo or three times 
daily, may diminish imdue restlessness and appre- 
hension. It is most impartant, however, that one he 
particular^ careful to avoid excessive sedation 
because of the possibility of rendering the patient 
so lethargic that he is unwilling or unable to partic- 
ipate in sufficient activity to mirumize the danger 
of phlebothrombosis, and because of the undesir- 
ability of excessive respiratory depression in a pa- 
tient with lowered vital capacity. 

Venesection. Seizures of acute pulmonary edema 
constitute the most important indication for venesec- 
tion, which is a rapidly effective and often a life- 
saving procedure under these circumstances (p. 
1383). Venesection is usually beneficial in patients 
with chronic cor pulmonale who have hematocrit 
values of 50 per cent or more. Painful congestion 
of the liver may hkewise be benefited. Venesection 
may be employed in all patients with intractable 
heart failure, but under such circumstances lasting 
benefit is rarely produced. Ordinarily, the amount 
of blood removed should be 300 to 400 ml for an 
adult patient of average size without anemia. 

Oxygen. Administration of oxygen is indicated 
(1) in any patient with evidence of outspoken 
arterial hypoxia, (2) when dyspnea is sev’ere, and 
(3) possibly in patients with intractable congestive 
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failure. ^Vhen oxygen is needed for several days, a 
tent is the most useful method of administration; 
for periods of a few hours, a mask is convenient, 
elFertive, and relatively inexpensive (Chap. 263). 

Thoracentesis. This is a valuable procedure in 
many patients with congestive failure. It should be 
employed in all severely dyspneic patients who 
present evidence of hydrolhorax. Abdominal para- 
centesis is indicated whenever ascites is prominent 
and fails to respond promptly to sodium restriction 
and diuretics. 

Puncture of the Legs. In those few patients who 
respond poorly to properly used diuretic measures, 
edema may be overcome by puncturing the skin 
of each leg 10 or more times with an 18-gauge 
needle. The patient should then remain in the 
sitting position for 12 hr or more and should be 
given appropriate antibiotics, usually penicillin, to 
prevent infection. 

Special Problems in the Management 
of Heart Failure 

Pregnancy. The physiologic adjustments that nor- 
mally take place during pregnancy, the increase in 
heart rate, cardiac output, and blood volume place 
a burden on the cardiovascular system. This burden, 
unlike that due to muscular effort, is present con- 
tinually, both night and day. It reaches its peak at 
about the seventh or eighth montli of pregnancy. 
Thereafter, these functions decline and tend to 
approach normaLly up to the time of labor. This 
h)'perkinetic state of the circulation acts to diminish 
the cardiac reserve, a reduction of which is well 
tolerated by the pregnant woman with the normal 
heart, but is tolerated with varying degrees of 
success by the woman with organic heart disease, 
depending on the extent to which her cardiac re- 
serve has already been diminished by the struc- 
tural lesion of the heart. The greatest danger of 
congestive failure to the woman with heart disease 
occurs at the seventh or eighth month of preg- 
nancy. 

The increase in blood flow through the heart is 
frequently responsible for the appearance m normal 
persons of functional systolic murmurs which, with 
the edema of the anUes, that is also not uncom- 
mon, and the displacement of the cardiac impulse 
by the elevated diaphragm and the resulting mis- 
taken impression that there is cardiac enlargement, 
sometimes may give rise to the erroneous idea that 
heart disease is present. Tlie increased blood flow 
also tends to accentuate murmurs in those who do 
have organic heart disease, thus occasionally 
revealing for the first time a hitherto undetected 
lesion such as mitral stenosis. Though there is no 
diminution in vital capacity, ventilation increases 
and the respiratory reserve is curtailed, thus faeil- 
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itating the appearance of dyspnea with any given 
effort. 

TJie chief practical problems presented by preg- 
nancy in relation to heart disease are as follow's: 
{ 1 ) Should the woman with cardiac dise.Tse become 
pregnant? (2) What should be done about a 
woman already pregnant who presents evidence of 
cardi.ac disease? In general, these questions aro 
answered by an assessment of the patient’s func- 
tional capacity, and this, in turn, is best determined 
by estimation of the symptoms caused by s'aiying de- 
grees of activity. The patient who is asymptomatic 
or whose dyspnea is minimal even with strenuouj 
e.xertion can undertake prcgnanc)' with practically 
no more risk than can tl)c woman with a normal 
heart. On the other hand, the presence of relatively 
sc\’ere symptoms with ordin.ary activity, a history of 
hemoptysis I'mcRcatihg the prohahrtfty of an afeeady 
significantly elevated left atrial and mean pulmo- 
nary capillary pressure), or a prc\ioiis history' of 
congestive failure makes it inadvisable that preg- 
nancy be undertaken and may indicate that the 
pregnancy should be terminated. The same advjcc 
should be gh-en if atrial fibrillation is present, not 
because of the deleterious effects of the abnorm.*!! 
rhythm, but rather because its presence indicates 
that an advanced stage of rheumatic heart disease is 
already present. Nevertheless, even atrial fibrillation 
is not an absolute contraindication to pregnancy or 
its continuation to term, provided the functional 
capacity of the heart is deemed to be reasonably 
good, me desire for the child great, and the risks 
understood by the parents. It is the intermediate 
group of p.'itients, those with sy'mptoms on moderate 
activity, who present the most difficult probity, 
the decision depending on a multitude of factors 
aside from the status of the heart: the number of 
children in the family, the economic circumstances, 
the opportunity for restriction of activity, the like- 
lihood that the patient will cooperate in reducing 
the preventable stresses on tlie heart, the willing, 
ness to accept a calculated risk, etc. 

Since the patient with heart disease starts out 
with the handicap of a diminished cardiac reserve 
which IS still further lessened by the normal pliysio- 
logic adjustments of pregnancy, all other stresses 
tliat confer additional burdens on the heart nnd 
circulation require meticulous attention: avoId.nncc 
of overexertion and emotional tension, correctioi\ of 
anemia, careful supervision of even minor infections, 
correction of obesity, restriction of salt intake, 
prompt treatment of abnormal rhy'thms — especially 
tacliycardias — and frequent search by the physicjan 
for early signs of pulmonary congestion. 

Termination af Pregnancy. If the patient is al- 
ready pregnant and falls into one of the unfavorable 
categories, or if manifestations of congesUve failure 


appear early, termination by the vagina! route 
sliould be carried out during the first trimester. 
After this time, disposition of the p.ntlent is a mitlcr 
of (udj^ent and always entails uncerLiinty and 
risk. If the symptoms are mild or moderate, the 
patient may svith careful medical supervision be 
cairicd beyond the critical seventh or eighth month, 
after which the danger diminishes. On the other 
hand, if the symptoms are severe, termination of 
the pregnancy may be considered imperative, the 
method being left to the obstetrician. 

Once a patient has arrived at term, the route of 
delivery should be decided by the obstetrician on 
obstetric grounds. Usually, spontaneous delivery 
aided by low forceps is preferable. Resort to 
cesarean section as a routine measure is no longer 
considered desirable, this mode of delivery being 
reserved onfy for women wfio are expected to face 
a difficult and exhausting labor. 

The above comments arc applicable in a genera! 
way to all women with heart disease, but they 
refer particularly to women with rheumatic heart 
disease and mitral stenosis, since they constitute the 
bulk of those with heart disease in pregnancy'. 
Mitral commissurotomy has been successfully ent’ 
ployed In some women in whom threatening symp* 
toms have appeared during pregnancy. It is gen- 
erally belies cd, liowcver, that medical supervision 
alone or termination of the pregnancy' is preferable, 
operative dilatation of the valve being reserved for 
a later time when the patient is not pregnant. 

Patients with (lie cyanotic types of congenital 
heart disease usually do not survive until the child- 
bcoring age. When they do become pregnant, the 
hazard is high and early termination is likely to be 
indicated. Usually, pregnancy in the patient with 
acyanoUc congenital heart disease is well tolerated. 
Repair of coarctation of the aorta should be done 
prior to prcgn.incy. The occasional development of 
dissecting aneury’sm during pregnancy’ or of a 
cerebral vascular accident during delivery makes 
this condition somewhat more haz.-u’dous than other 
osj'mptomatic cardiac disorders. Advice regarding 
future pregnancies will depend on the course of the 
preceding ones and on the state of the heart at the 
time the nc.xt pregnancy is contemplated. 

Intractable Heart Failure. From time to lime 
physicians encounter patients vviUi cardiac failure 
w-lio eitlier do not show a satisfactoiy initial re- 
sponse to therapy or who, having previously re- 
sponded well, become progressively more refractory 
to management. Under these circumstances the 
physician will do well to ask himself the following 
questions' (I) Is the therapy adequate? (2) Is 
there in this patient an unrecognized etiologic fac- 
tor which might be treated successfully? (3) Is 
some complication making the patient respond so 
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poorly? (4) Is the intractable heart failure due to 
extreme myocardial impairment? These questions 
will now be considered in some detail. 

1. lias the patient received adequate therapy 
/or congcst/cc heart failure? Is the dose of digitalis 
properly adjusted? If the patient has been receiving 
a constant maintenance dose of any digitalis prep- 
aration, there is a definite possibility that he has 
escaped digitalization because the combined effects 
of excretion and destruction of the drug have ex- 
ceeded the daily maintenance dose. Under these 
circumstances it is frequently desirable to admin- 
ister for a few days one of the intermediate drugs, 
such as gitalin or digoxin, in a dose equal to bvo or 
three times the average maintenance of such a 
preparation (p. 1387). 

Digitalis intoxication is bVesvisc a common cause 
of what may appear to be intractable heart failure. 
Tlie presence of undoubted signs of such intoxica- 
tion in an individual who has been receiving a 
relatively small maintenance dose maizes it highly 
probable that potassium deficit has occurred as the 
result of anorexia and the frequent administration 
of thiazide diuretics. Under such circumstances 
rapid improvement may follow the administration of 
potassium chloride, 3 to 0 Cm d.aily in divided 
doses, for a fciv daj's. If the maintenance dose of 
digitalis has been relatively large, then the patient 
may be suffering from digitalis intoxication, even 
though there Is no potassium deficit. Careful inquir)’ 
should be made concerning the presence of ano- 
rexia, nausea, and arrh)ihmias due to digitalis, and 
the less frequent and less obvious manifestations of 
digitalis intoxication such as diarrhea, blurring of 
vision, and xanthopsia should be sought. If the 
patient has been receiving one of the intermediate 
drugs, the manifestations of digitalis intoxication 
will disappear within 3 to 6 days after wiiliholding 
it. If powdered leaf or digiloxin has been em- 
ployed, improvement may be delayed for as long as 
1 to 2 weeks after discontinuing digitalis. 

Defective restriction of sodium is another com- 
mon cause of apparent intractability. A patient may 
religiously refrain from adding salt at the table or 
during cooking and yet fail to realize that the bread 
he cats and the water he drinks may be excessively 
rich in sodium. The physician should be familiar 
with the sodium content of the tap water in his 
community and should prescribe distilled water 
whenever necessary. Sodium-free bread and butter 
are now available at most large grocery stores. 

2. Is there an unrecognized etiologic factor which 
might be sticcessfulltj treated? One thinks first of all 
of masked thyrotoxicosis. This condition may pre- 
scnl iioiiu of'its usual clinical manifestations when 
occurring in an elderly patient with congestive heart 
failure. The phjsician should entertain a high 
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degree of suspicion toward such physical signs as 
unusual softness of the skin, excessive sweating, 
frequent bowel movements, heat intolerance, un- 
expbined tachycardia, etc. Even with a high inde.x 
of clinical suspicion, patients with thjTotoxicosis 
will be overlooked unless one makes it a rule to 
determine the protein-bound iodine of the serum in 
all patients widi congestive failure, and particularly 
in those with atrial fibrillation. 

Chronic arterial hypoxia due to primary dis- 
orders of the lung is frequently complicated by con- 
gestive heart failure and may be strikingly benefited 
by oxygen therapy properly administered. Anemia 
of clmically significant degree is usually obvious 
upon inspection of the patient’s skin and mucous 
membranes, but it may be overlooked. The possi- 
bility of thiamine deficiency due to the long- 
standing anorexia induced by abdominal conges- 
tion should be considered in every patient with 
congestive heart failure. The suspicion should be 
particular!}’ strong when treating elderly men who 
live alone or individuals who partake freely of 
alcohol. In the younger group of patients 'nth 
valvular disease the possibility that smoldering 
rheumatic in}ocarditis or bacterial endocarditis is 
present should be kept constantly in mind. 

It is perhaps even more important to look for 
evidences of those t}’pes of cardiac disease which 
arc patticulaily amenable to surgical management. 
Mitral stenosis may be readily overlooked In a 
middle-aged or elderly patient with atrial fibrilla- 
tion. The presence of obvious congestive failure may 
keep the physician from a careful search for such 
congenital disorders as coarctation of the aorta and 
patent ductus with a systolic murmur only. Con- 
sUiclivc pericarditis is especially likely to be missed 
unless constantly kept in mind. 

3. Is there a hitherto unsuspected complication^ 
In patients who have been subjected to repealed 
diuretics plus a long-standing low-salt diet, and 
more particularly, if anorexia has been an important 
symptom, one should be on constant watch for those 
electrolyte disturbances already discussed. They are 
hkely to manifest themselves by the relatively rapid 
onset of refractoriness to diuretics and by the simul- 
taneous appearance of marked lassitude and apathy. 
In the absence of some serious primary disease of 
the kidney or of some obvious grave intercunent 
disorder, the presence of refractoriness to diuretics 
constitutes strong evidence for the presence of 
one of tliese electrolyte disturbances. 

Advanced renal disease frequently is present in 
patients with congestive faUure and especially in 
those who have either hypertension or bacterial 
endocarditis. During the irutial phase of manage- 
ment the manifestations of congestive failure may 
overshadow those of the less obvious but often more 
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serious renal disease. The coexistence of nitrogen 
retention and of a urine of low specific gravity, 
despite a small urine volume, maizes it highly prob- 
able that there is grave functional impairment of 
the kidneys and tliat the management of the cardiac 
failure and, more particularly, of electrolyte dis- 
turbances will be relatively unsuccessful. 

Pulmonary infarction, discussed in Chap. 262, is 
one of the commonest causes of intractable heart 
failure. If this complication is recognized and 
vigorously treated either with anticoagulants or, in 
suitable cases, by venous ligation, the heart may 
again respond to treatment after a period of days 
or weeks has elapsed. In many instances the ex- 
pected manifestations (pleural pain, hemoptysis, 
and changes in the x-ray) will be absent and the 
sole clues to pulmonary infarction may be unex- 
plained elevations of temperature, leukocyte count, 
or sedimentation rate, plus aggravation of the 
cardiac status and, at times, an evanescent Increase 
in the serum bilirubin values or frank jaundice. 

4. Is the Mraclable heart failure due to extreme 
myocardial lmpairmer\t? This suspicion should be 
entertained seriously only after the problem has 
been approached from the standpoint of the ques- 
tions above. Once one is satisfied that the therapy 
is entirely adequate, that there Is no complicating 
unrecognized ctiologic factor and no serious com- 
plication, one is justified in entertaining the question 
of myocardial disease so advanced that the heart 
failure has become and wilt remain intractable. 
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ARRHYTHMIAS 

William H. Resnik and 
T. R. Harrison 

The normal stimulus for the heartbeat arises iii 
ilie srnoatrial node, spreads through the atrial mus- 
culature, traverses the AV node (node of Tawara). 
the AV bundle (bundle of His), through the 
Purkinje fibers of the left and right bundle branches, 
and finally through the ventricular musculature. 
When this orderly and regular sequence is dis- 
turbed, or when tne rate of conduction of the Itn' 
pulse is abnormal, a variety of disorders of thtf 
heartbeat may follow, the most common and Im' 
portant of which are discussed here. Almost all of 
these disorders may be the result of structural 
disease of the heart, but most of them may also b? 
encountered in normal, healthy persons in whom nO 
evidence of organic heart disease is ever discovered 
or vvho reveal no abnormaliUes by histologic ex' 
amination at autopsy. The most precise method of 
diagnosis of the various arrhythmias is by electro* 
cardiographic examination. However, the physician 
wlio Iws regularly correlated his observations by 
simple examination with electrocardiographic trac- 
vsvgs tOTi itcoguize •mos't oi \be anbyAVissi’n* 

by auscultation alone. 

Mechanism of Arrhythmias. The hypotheses so 
widely accepted but a short time ago regarding 
the pathogenesis of the various arrhythmias are no 
longer considered as established beyond question. 
For example, for a number of years the circus move- 
ment as the explanation for atrial flutter and fibrilla- 
tion seemed to have been indisputable, only to be 
replaced by the concept that tlicse ectopic rhythms 
were the result of very rapid and irregular stimuli 
being discharged from a single focus. Actually, this 
laWer view was simply an elaboration, based on 
rallier extensive experimental work, of a hypothesis 
that had preceded that of the circus movement. At 
the present time, there is abundant evidence in 
favor of and in refutation of both concepts, 
and ft is probable that neither is strictly true. More- 
ov«-, it is likely that from the newer studies on 
alterations of the myocardial cell, cell membrane, 
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and cellular environment and the abnormalities of 
electrical potential, conduction, and excitability re- 
sulting from these ionic disequilibria and disturb- 
ances in myocardial cellular metabolism, will come 
a truer knowledge of the mechanisms of the various 
arrhythmias and of the manner in which they are 
influenced by drugs and other procedures. 

Tlie value of the electrocardiographic tracings in 
the differential diagnosis of the tachycardias is 
obvious. Since registration of atrial activity is par- 
ticularly desirable, records should be obtained from 
the right of the sternum, and in many instances 
whOe carotid sinus pressure is being applied. At 
times, the use of esophageal leads may demonstrate 
P waves not clearly seen in conventional leads, and 
thus clarify the nature of the tachycardia. 

Harmful Effects of tlic Arrhythmias. The influ- 
ence of changes of rate on coronary flow and the 
cardiac output has been described in some detail 
in a previous chapter (p. 33). It will suffice here 
to stale that, when the heart rate is 30 or more, the 
bradycardias cause no significant aUeralions in 
coronary flow or cardiac output. The danger of a 
bradycardia exists when it is due to a high-grade 
partial or to a complete AV block caused by a lesion 
affecting the AV node or bundle- The ventricular 
rate may suddenly diminish to 5 to 10 per minute or 
may come to a complete standstill for 15 sec or 
more; or ventricular fibrillation may develop, the 
effect being essentially the same as that of ven- 
tricular standstill; circulation to the brain becomes 
inadequate, syncope of varying degree occurs, and 
when effective circulation halts for 15 see or longer, 
convulsions appear. These attacks arc known as 
StoVes-Adams attacks, and a person subject to 
them is always in danger of sudden death. 

Because diastole is abbreviated to a greater ex- 
tent than is systole in a tachycardia, the effect of a 
rapid increase in rate is to increase oxygen con- 
sumption of the heart and to diminish coronary 
flow. \Vhen the rate of an ectopic tachycardia is 
160 or more, and there is no concomitant increase 
in cardiac output such as would occur if strenuous 
exercise induced a heart rate of this magnitude, the 
efficiency of the heart is reduced, cardiac output 
declines from its previous normal level at test, and 
cerebral blood flow diminishes. In brief attacks, this 
may result only in a sense of fluttering in the chest 
or neck, or the patient may be quite unaware of 
the ectopic rhythm, or he may experience a sense 
of faintness in the upright position. In longer at- 
tacks, depending on age of the patient, on the 
presence or absence of some other form of struc- 
tural disease of the heart, and on the ventricular 
rate, cardiac output may fall to a level where the 
characteristic features of forward failure appear with 
cool, moist, pallid skin and diminished pulse pres- 
sure; or cardiac reserve may be reduced and failure 
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may appear; or angina or myocardial infarction may 
de\'elop, if the patient has a condition that pre- 
disposes to myocardial ischemia. Occasionally, fever 
may' occur with the tachycardia, owing to the dis- 
turbed dissipation of heat caused by the peripheral 
vasoconstriction, and when this is associated with 
leukocytosis, angina, and infarction-like T waves 
which may persist for many days following the ces- 
sation of the attack, confusion with myocardial in- 
farction is a possibility. The harmful effect of tachy- 
cardia is most strikingly apparent when the heart is 
already badly damaged, as in acute myocardial in- 
farction, and there sJtould be no delay in instituting 
the most effective measures of therapy. Even extra- 
systoles, when they are frequent enough, may exert 
the same harmful effects as tachycardia, though to a 
lesser degree. Moreover, there is evidence that a 
paroxj’smal ventricular tachycardia magnifies the 
hannful effects of rapid heart rate because the 
ventricular impulse, pursuing an abnormal course, 
gives rise to a relatively ineffective contraction. 

Drugs in Arrhythmias. Since the same agents are 
employed in many of the arrhythmias, their de- 
scription will be given here to avoid repetitiousness. 

Pressor Amines. When an ectopic tachycardia Is 
associated \Wlh hypotension and the usual antiar- 
rhythmic agent is ineffective, the additional admin- 
istration of a pressor amine, such as phenylephrine 
(Neo-synephnne), 0.5 to 1.0 mg diluted in 10 ml 
saline and given slowly intravenously, may termi- 
nate the tachycardia Such treatment alone is fre- 
quently effectiv’e in paroxysmal atrial tachycardia, 
especially when the blood pressure has fallen ap- 
preciably as a result of the tachycardia. Blood 
pressure observations are made while the drug is 
being given, and One endeavors to increase the 
pressure to about 160, not more, an admonition 
that is important in older persons. Control of hv-po- 
tension is especially urgent when an ectopic rhythm 
complicates acute myocardial infarction with shock, 
an extremely critical condition All the pressor 
amines tend to induce ectopic rhythms, but experi- 
ence appears to indicate that this tendency is not 
great and that their advantages outweigh the dis- 
advantages. 

LdvAaTEBOHOL (LEVoPHeo). When an ectopic 
rhythm occurs in myocardial infarction with shock 
or in any other disorder with profound hypotension, 
lev^rtercnol is the pressor amine most commonly 
employed, because it is the most potent and its 
action is prompt and evanescent. Consequently, its 
effect can be accurately titrated by the rapidity of 
administration. It must be given by intravenous drip 
(4 to 8 rag per liter 5 per cent glucose), the blood 
pressure frequently observed, and care taken to 
prevent extravasation into the subcutaneous tissues. 
Should e.xtra\asation occur, 5 mg phenlolamine 
(Regitine) diluted in 20 ml water and infiltrated 
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throiigliout the involved tissues will prevent necro- 
sis. If some other antiarrlij-thmic agent must be 
given simultaneously (eg, procaine amide, Eron- 
cstyl), the flash containing the latter can hi con- 
nect^ with a Y tube to Uie le^•arte^enol infusion, 
and each drug can be given at its own rate in- 
dependent of Uic other. This leaves the other aim 
free for blood pressure determinations, and elec- 
trocardiographic monitoring can be carried out at 
the same time. One endeavors to maintain the 
sjstolic level at 100 to 120 in a normotensive per- 
son and 120 to 160 in a person previously hyperten- 
sive. Metaraminol (Aramine) and mephentermine 
(Wyamine) may be given subcutaneously or intra- 
muscularly, 3 to 15 mg, the exact dose and fre- 
quency depending on the behavior of the blood 
pressure. Acidosis renders the vasculature less re- 
sponsive to the pressor amines, and this should be 
corrected with molar sodium lactate (p. 471). 

SymjMlhomimelic Drugs. The pressor amines arc 
also sympathomimetic drugs, but those mentioned 
m the previous paragraph are given prlmarJy for 
the purpose of elovaling the blood pressure. The 
agents now to be discussed are used primarily to 
increase the rhythmic activity of the myocardial 
cells, and they are the mainstay of the management 
of the patient with heart block and Stokes-Adams 
attacks Isoproptjlnorcpinephrtnc (tsoprolerenoi, 
Isuprcl) is the most widely used since it is con- 
sidered least likely to provoke a serious ectopic 
rhythm, its predominant eUcet being the stimulation 
of the higher ventricular and nodal tissues rather 
than the excitation of lower vcntneular foci. When 
the c.xact mechanism of the Stokes-Adaras attack is 
uncertain, isoproterenol is considered the safest 
drug avoJahlc. Tliis may be given intravenously. 4 
mg per liter 5 per cent glucose, and the dosage 
titrated to give a ventricular rate of about 50. It 
wv?.'^ a.\«s be. ^vhcsv «iib(Sit.ewi<siislLy Oik eag, eve^ I 
to 2 hr, or sublingually, 10 to 15 mg several times 
a d.iy. The mode and frequency of administration 
will depend on the particular circumstances of the 
illness. Epinephrine, aqueous (0 3 ml of 1:1,000 
solution ever)’ hour) or suspended in oil for a more 
prolonged effect (2 0 mg three to four times daily) 
may be used. A convenient oral preparation is a 
capsule containing ephcilrinc 0.023 Cm and Arabia] 
O.Oo Gm \v hich is given several times a day. 

Digitalis. Lanatoslde C {Cedilanid) is a sJtisfac- 
tor)' preparation for the treatment of any of the 
iMpraeaitrietdar paroxysmal tachycardias excepting 
of course, paroxjsmal atrial tachycardia with block, 
usually caused by digitalis intoxication. This may be 
given intramuscularly or intravenously, 0,8 to 1.2 
mg v\ ith additional doses of 0.4 mg at half-hourly 
intervals until the desired result is obtained and not 
cxccwling a total of 2 mg. Tlicse amounts are based 
on the presumption that tlie patient has bad no 
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digitalis during the prccedmg 2 weeks. For the 
control of established flutfer and ^brillatlon, digi- 
talis is employed in the usual manner (p. 1387). 

Quinidine. This drug has a place in the manage- 
ment of practically all ectopic arrhythmias tliat re- 
quire treatment, although it is not necessarily the 
first choice except in the ventricular arrhythmiaf- 
QuInldlne should never he employed in the preser\co 
of high-grade block. In all persons, the use of 
quinidine introduces a small risk of sudden deatli. 
Uie mechanism of which is unknown, for autopsy 
investigation has never revealed any structural lesioP 
that could account for the fatality. It is our conjec- 
ture that the mechanism of sudden death is siniilar 
to that in myocardial infarction and probably due 
to ventricular fibrillation or standstill. The risk of 
embolism is about ^ per cent in patients with atrial 
fibrillation. There is sbll a difference of opinioi' 
regarding the hazards of quinidine therapy wheU 
the patient has a bundle branch block. The appear 
ance of sjmeope is an indication for the prompt 
discontinuation of the drug since the mechanism of 
die syncope is probably intimately allied or identi- 
cal with that responsible for sudden death. Nausea, 
vomiting, diarrhea, allergic skin rashes, purpura arf 
other untoward manifestations that may necessitate 
cessation of the use of the drug It is essential t(^ 
bear in mind that quinidine is a myocardial de- 
pressant, that intravenous administration should btf 
empIo}ed only under the gravest circumstances, ant) 
that intramuscular Uierapy, too, should be givcil 
cautiously. It is customary to give a preliminary' 
dose of 0.2 Gm to determine the presence of hyper' 
sensitivity. Qumldinc sulfate 0.2 Gm is given fou^ 
times a day os a maintenance dose or for the 
control of premature beats; or the long-acting quini' 
dine gluconate (Quinaglule Dura-Tab) 0.3 Gm may' 
suffice m only two or three doses per day. For a 
tA vsv dsa 

templed conversion of chronic atrial fibnllation, the 
patient is first fully digitalized, and quinidine 0 2 
Gm every 2 hr for five doses is given on the first 
day. If, by the following morning, fibrillation per- 
sists, 0.4 Cm is administered in the same way and, 
if necessary’, 0.6 Gm on the next. When 0.4 or 0 6 
Gm is given, electrocardiograms should be taken 
prior to each dose of the drug. Quinidine is dis- 
continued if the QRS increases by 50 per cent 
ovx:r the control or if numerous ventricular prema- 
ture beats occur and, obviously, if ventricular tachy- 
cardia develops. Intramuscular quinidine, the hy- 
drocliioridc or gluconate or hictate, may be given 
acco^mg to these schedules, if one deals witli a 
more urgent problem such as tJcntr/CT//flr tachy- 
cardia. These preparations, 1.0 Gm diluted in 100 
ml 5 per cent glucose, may be used intravenously. 
If quinidine intoxication develops, the most effec- 
tive llieropy is molar sodium lactate given Jntra- 



THE CARDIOVASCULAR STSTEM 

venously, 100 ml followed by 50 ml everj' 30 min 
until the signs of toxicity disappear, more than 300 
to 500 ml rarely being required. 

Procaine Amide (Pronestyl). This drug has es- 
sentially the same effect as quinidine, the indica- 
tions for its use are the same, and there have been 
no well-controlled studies that clearly demonstrate 
the superiority of one over the other. It is con- 
venient to have an alternative, if the patient hap- 
pens to be hypersensitive to the other. Orally, 
procaine amide 0 25 to 1.0 Gm is given two to four 
times daily, and the same doses may be admin- 
istered intramuscularly. Its most important use is in 
the treatment of ventricular tachycardia for it can 
be given intravenously with reasonable safety. Since 
hypotension may be present as a result of the 
ventricular tachycardia or the myocardial infarction 
or may be caused by tlie procaine amide, a flask 
containing levarterenol and a flask containing pro- 
caine amide (2.0 Gm diluted in 250 ml 5 per cent 
glucose) are joined by a Y tube as described in the 
discussion of the pressor amines. If hypotension is 
already present, levarterenol should be allowed to 
flow in until the desired blood pressure level is 
attained. If this does not terminate the tachycardia, 
procaine amide is then given at a rate of 1.0 Cm 
in 1 hr. Rlood pressure observations are made from 
the other arm and very frequent electrocardio- 
graphic tracings taken. If the blood pressure falls 
appreciably, procaine amide is stopped temporarily 
and levarterenol given. If the ectopic rhythm is 
converted to a normal sinus rhythm during the flow 
of the procaine amide solution, as is usually the case, 
the infusion Is discontinued. If conversion does not 
take place, the second gram in the remaining 125 
ml solution is given after waiting 1 hr. If the ectopic 
rhythm is abolished, the patient is then given a 
maintenance dose of procaine amide or c^inidine 
for about 4 weeks. 

Potesstum. The chief use of potassium is in the 
treatment of arrhythmias caused by digitalis intox- 
ication, and especially where there is reason to 
believe that potassium depletion has occurred, as 
through vigorous diuretic therapy, vomiting, or 
diarrhea. When the patient does not appear to be 
critically ill, 1.0 Gm of a potassium salt (4 ml of 
25 per cent solution of potassium chloride or a 
similar amount of elixir potassium triplex) well 
diluted is given orally every hour for five doses. If 
the patient’s condition demands more aggressive 
action, 5.0 Cm of the potassium salt is given orally 
and if, at the end of 2 hr, the manifestations of 
toxicity have not appeared, an additional 2.5 Gm 
dose is given. If the patient appears to be critically 
ill, 40 mEq potassium dissolved in SOO ml 5 per 
cent glucose in water is administered over a penod 
of 2 hr. A similar amount may be repeated if neces- 
sary. Electrocardiographic control is essential when 
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large amounts of potassium are given, especially 
during the period of intravenous administration. 

Other Drugs. Corticosteroids, such as dexametha- 
sone 0.75 mg or prednisone 5 mg (4 to 8 tablets per 
day of either), are frequently effective in heart 
block with Stokes-Adams attacks. Chloroquine 0.25 
Gm four times a day, diphenylhydantoin sodium 
(Dilantin) 250 mg in 1 hter glucose in water given 
intravenously, leseipine and other tranquilizers, 10 
ml of 20 per cent magnesium sulfate given intrave- 
nously — all these have been reported as having been 
successful m serious arrhythmias, such as ventricular 
tachycardia, when procaine amide or quinidine have 
been ineffective. More studies with each of these 
are required before we can judge of their place in 
the management of the various arrhythmias. 

Sinus Arrhythmia. This type of irregularity is ob- 
served in most healthy young persons at rest, and 
consists of a quickening of the heart during inspira- 
tion and slowing during expiration. It tends to be 
intensified by deep breathing and to disappear when 
the breath is held or when the heart rate is in- 
creased by exercise or fever. This arrhythmia has 
no significance. 

Premature Beats. These may arise in the atrium, 
the junctional tissues, or much more frequently, in 
the ventricle. They are relatively more frequent in 
paUents with structural cardiac disease than in 
healthy persons, but they are so common in the 
healthy that their presence has no diagnostic sig- 
nificance unless they appear only or increase in 
frequency markedly after exercise; or when numer- 
ous premature beats occur, about 8 to 12 or more 
per minute. In the latter case, atrial extrasystoles 
may be a forerunner of atrial fibrillation, or ven- 
tricular premature beats, particularly when of varia- 
ble form, may indicate a more or less serious 
disturbance of ventricular function. Occurring in 
the absence of organic heart disease, premature 
beats may be due to excessive use of tobacco, coffee, 
tea, and occasionally alcohol or to reflexes from the 
gastrointestinal tract; often they are caused by 
emotional stress, or no definite factor can be as- 
certained. The premature beat is usually recognized 
with ease because it consists of a contraction ap- 
pearing before the next beat would ordinarily ocevir 
and is usually followed by a pause longer than the 
usual interx’al The patient may or may not be 
conscious of the premature beat (p. 90). When 
the extrasystoles are frequent, there may be confu- 
sion with atrial fibrillation, an error that can be 
avoided by noting that the rhythm becomes regular 
when the heart is accelerated by exercise. 

There is sUll uncertainty whetlier the premature 
beat is caused by an irritable focus or by reentry, 
the ax'atlable evidence favoring the former view. 

The bigeminal rhythm, a state in which every 
alternate beat is premature, is usually tlie result of 
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digitalis overdosage and disappears within a fe\v 
days after the drug has been withheld. It should 
not be confused with pulsus aUcrnans or with the 
paradoxic pulse (p 1468); in the latter hio, the 
rhythm remains regular. Bigeminy not due to digi- 
talis is usually, though not always, associated tvith 
stnictural heart disease. 

The treatment of premature beats depends on 
the circumstances. ^Vhen they occur only occa- 
sionally, and evidence of cardiac disease is lacking, 
no treatment is necessary. When there is reason to 
belie\'e that tobacco or coffee is responsible, its use 
should be discontinued or curtailed. In e<citable 
patients, extrasystoles may disappear following the 
administration of a mild sedative: barbiturates, re- 
serpiiie, or other tranquilizers. In fully digitalized 
patients, premature beats, if caused by the digitalis, 
will disappear if the drug is withdrawm, or, if the 
irregularity occurs after the ingestion of a high 
carbohydrate meal, it will be abolished by Ac 
administration of potassium. It should also be men- 
tioned that the occurrence of extrasj'stoles not 
caused by digitalis does not constitute a contrain- 
dication to the use of digitalis if the patient suffers 
from congestive failure. Often with the restoration 
of myocardial function, the irregularity will dis- 
appear. Quinidine, procaine amide, and digitalis are 
all effective in the treatment of extras)sloIes, the 
relative efficacy of each drug varying in different 
patients. 

While premature beats may ordinarily be con- 
sidered a benign form of irregularity, the occurrence 
of numerous sucli beats may dimmish the efficiency 
of the heart whose reserve is already impaired 
Moreover, the appearance of ventricular cxtras)s- 
tolcs following an acute myocardial infarction 
should not be viewed witli complacency, since they 
may then herald the onset of ventncular taeby* 
ca/dja; or an isolated vcntricvlar beat, occunmg in 
the "vulnerable” period, at the end of the previous 
systole, may initiate ventricular fibnUation and 
sudden death It is for this reason that some believe 
that quinidme, in the form of the long-acting gluco- 
nate, 0.3 Gm two times daily should be adminis- 
tered in all patients with acute ischemic heart dis- 
ease, although this policy is not accepted by others. 

Atrial ribrillalion. The effect of atrial Bbrillation 
IS to obliterate the effective contraction of the atna 
and to bombard the atrioventricular node and the 
ventricles with a very rapid and irregular scries 
of stimuli Many of these impulses are blocked at 
the AV node, but many are passed through, so that 
the ventricular contractions in the untreated patient 
are usually rapid and completely irregular. 

The untoward effects of atrial fibrillation depend 
on the rapidity of the ventricular rate and the ex- 
tent of the pulse deficit (i.c., on the proportion of 
ineffective and wasted ventricular beats), on the 

) 


DISEASES OF ORGAN SYSTEMS 
prior state of the affected heart, on the duration of 
the arrhythmia, and on the virtual paralysis of 
effective atrial contraction. Cardiac ou^ul may be 
diminished as a result of the reduction of total dias- 
tolic fiDing time and also because coordinated atrial 
contraction may be essential for adequate veji, 
tricular filling: the net result may be myocardial 
faOure. Stagnation of blood in the essentially para- 
lyzed atna tends to predispose to the development 
of thrombi and embolism in both pulmonary and 
^^mic circulations. Finally, the cardiac irregular- 
ity, if uncontrolled, gives rise to an unpleasant con- 
sciousness of palpitation. 

Wljen the rate is rapid, 120 or more, the diagno- 
sis is readily made, because atrial fibrillation is the 
only common condition in which one observes the 
combination of a well-marked tachycardia with a 
gross irregularity. When the rate is normal or only 
slightly increased, as in digitalized patients, the 
diagnosis is less apparent. The distinction from 
numerous exlrasystoles can be made by noting that 
it is only in atrial fibrillation that abnormally long 
pauses occur in groups of two or more Moreover, 
exercise tends to abolish the exlrasystolic anhyth- 
mia, vvhereas it exaggerates the irregul.'irlty of 
atrial fibrillation. More difficult, and frequently 
impossible, is the differentiation of fibrillation from 
atrial flutter with varying block, and from a shifting 
pacemaker associated vvith mviltiple atrial ectopic 
beats. 

Atna] fibrillation may be parox>’smal or persist- 
ent. Occasionally the paroxysmal form occurs In 
healthy persons in whom no evidence of structural 
cardiac disease can be found It is also encountered 
m individuals who, otherwise normal, suffer from 
acute infections such as pneumonia, or in patients 
with rheumatic heart disease or acute myocardial 
infarction. Rarely, parox)sraal atrial fibrillation may 
he die consequence of anesdiesta) potassnan defi- 
ciency, digitalis into.xication, or other forms of 
poisoning. Most frequently, however, paroxysmal 
atrial fibrillaboii is seen in thyrotoxicosis, mitral 
stenosis, or in senile heart disease, usually associated 
with coronary disease. In the latter group, the 
paroxj-sinal attacks frequently occur before the 
arrhythmia is permanently established. The paroxys- 
mal bouts may last for a few seconds to a few 
days, and as is true in all types of paroxysmal rapid 
heart action, the onset and offset are sudden Unless 
the patient happens to be observed in the midst <i[ 
an attack, the nature of the episode wiU depend on 
the observation of the patient that the heart action 
is highly irregular during the attack. 

The permanent form of atrial fibrillation is con- 
fined almost exclusively to patients with senile heart 
disease, mitral stenosis, or thjToloxicosis. In elderly 
paUents the usual signs of thyTOloxicosis may be 
absent and the arrhylhmia may be the only feature 
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suggesting the possibility of thyroid disease. Rarely, 
chronic atrial fibrillation may be the sole cause of 
congestive failure that persists despite full digital- 
ization, and in such instances reversion to normal 
rhythm is a curative procedure. When the ventric- 
ular rate fails to slow in the usual fashion after 
full doses of digitalis, the presence of th)'rotoxicosis, 
a recent silent coronary occlusion, mulUple pulmo- 
nary infarcts, or acute rheumatic cardiUs should be 
suspected. The onset of the ectopic rhythm in a 
person who has received therapeutic doses of digi- 
talis and of diuretic drugs, such as mercurials or 
chlorothiazide, may be a manifestation of potassium 
deficiency and an indication for potassium therapy. 

In a person with atrial fibrillation, one faces the 
choice bet^veen two plans of therapy: that of at- 
tempting to control the ventricular rate w'lh digi- 
talis, the rhythm remaining irregular; and that of 
abob'shing the arrhythmia by quinidine or other 
antianhythmic drugs. In patients wth mitral 
stenosis, or with marked cardiac enlargement with 
failure, quinidine is rarely successful in permanently 
restoring a normal sinus rhythm, and in these pa- 
tients, the drug appears to be especially hazardous. 
In other patients with chronic atrial fibrifiatioo, a 
normal rhythm con be restored if one administers 
large enough doses of quinidine, often bordering on 
toxic ranges, hut usually the normal sinus rhythm 
can be maintained only by permanent maintenance 
doses of quinidine and even so but for a variable 
period of time before the arrhythmia reasserts itself. 
In general, patients with chronic atria] fibrillation 
can be well controlled with digitalis, and little is 
gamed by the conversion of the arrh)’thmia to a 
normal sinus mechanism. Hence, quinidine is likely 
to be of greatest value in patients \vith fibrillation of 
recent development who are known to have had no 
evidences of congestive failure prior to the onset* 
of the arrhythmia. It should also be given when the 
ventricular rate is not well controlled by digitalis; 
and it may be given in intractable failure provided 
one recognizes the risks inherent in quinidine 
therapy under these circumstances. In all cases of 
atrial fibrillation, therapeutic doses of digitalis 
should be administered before quinidine is ^ven. 
Following acute myocardial infarction wth atrial 
fibrillation, it is particularly important that one's 
first and most important objective be the slowing of 
the ventricular rate wth digitalis. For the treatment 
of paroxysmal atrial fibrillation, a rapid-acting digi- 
talis such as lanatoside C is preferable, whfle for the 
control of the established fibrillation, one of the 
slower-acting digitalis preparations should be used 
(p. 1396). The details of quinidine dierapy are 
described above (p. 1396) . 

One point needs emphasis: although there are 
many instances of transient atrial fibrillation in 
which the administration of digitalis is followed 


the disappearance of the arrhythmia, \vhen atrial 
Kirillation is of long duration, digitalis rarely abol- 
ishes the ectopic rhythm. Under these latter cir- 
cumstances, the ventricular rate slows and becomes 
less obviously irregular unless a complete AV block 
and a regular idioventricular rhythm develops; but 
eleclrocardiograpblc tracings reveal that the atria 
continue to fibnUate. 

Thromboembolism is common in patients with 
atrial fibrillation, particularly the chronic form, and 
is especially frequent in patients who also ha\'e 
mitral stenosis, being responsible for about 20 per 
cent of the deaths in the latter. To prevent such 
catastrophes, long-term anticoagulant therapy has 
been advocated, especially important in patients 
who have already experienced one or more episodes 
of embolism. 

Regular Tachycardias. Given a patient with well- 
marked increase in the heart rate, or with a history 
of such attacks, the first decision to be made is 
whether one is dealing with sinus tachycardia or 
with one of the ectopic tachycardias. The latter 
group will usually respond to therapy aimed di- 
rectly at the heart, while in the case of sinus tachy- 
cardia, the treatment of the rapid rate depends on 
the management of the underlying condition. If 
one can obtain a reliable history of sudden onset 
and offset, one knows immediately that the attack 
represents an ectopic tachycardia of some type 
However, the patient is often unable to state 
whether the onset is absolutely sudden, and even 
when a paroxysmal tachycardia has actually taken 
place, still less often is he certain that the ending 
was abrupt. When the rate is less than 140 per 
minute, the chances are strong that one is dealing 
with sinus tachycardia, but one must bear in mind 
the occasional patient with atrial flutter with a 
ventricular rate below 140, and above all, that 
form of serious digitalis into.xication kno^vn as 
paroitysmal tachycardia %vilh AV block (p 1400). 
Bates of 170 or more per minute are almost invaria- 
bly the result of ectopic rhythms, and the difficulty 
comes chiefly in the group of patients with heart 
rates belrveen 140 and 170. The response to carotid 
sinus pressure is important in the differentiation; 
often, the definitive diagnosis is made only by 
•electrocard iography. 

Extreme Sinus Tachycardia. The chief causes of 
extreme smus tachycardia are marked elevation of 
body temperature, severe thyrotoxicosis, any condi- 
tion that produces profound circulatory collapse, 
and DC^sionally an anxiety attack or acute myo- 
cardial injury due to infection or infarction. In 
most instances, however, sinus tachycardia of 
severe degree is due to extracardiac causes. Sinus 
tachycardia usually responds little or not at all to 
raratid sinus pressure, in the latter case resembling 
ventricular tachycardia. If there is a slight response, 
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neither the slowing nor subsequent acceleratiem 
occurs with the abruptness observed in patients with 
atrial Butler or paroxysmal tachycardia with AV 
block. In the absence o£ marked hj-perthermui, 
severe th)Totoxicosis, or anxiety stale, a patient 
with outspoken sinus tachycardia xvill usually dis- 
play manifestations of forward failure (p. 101). 
Digitalis or other cardiac therapy has no value in 
normal sinus tachycardia unless there are mani- 
festations of congestive failure. The problem is 
discovering the basic cause and correcting it. 

rarox>-smaI Atrial Tachycardia. This is the most 
common of the ectopic tachycardias aside from 
atrial fibrillation. It is generally attributed to rapid 
discharges from an irritable focus. Usually it ap- 
pears first in j-outh, and attacks may recur Arou^- 
out life. The majority of patients with this disorder 
display no evidence of any other cardiac abnormal- 
ity, and in the absence of structural disease, atrial 
tachycardia should be considered a benign affection 
except under circumstances described above (p. 
1395). They may, however, produce great anxiety 
on the part of the patient and his family. When a 
patient is seen during an attack, the heart is found 
to be perfectly regular and the rate is 160 to 170 or 
more Procedures such as carotid sinus pressure or 
other types of vagal stimulation will have no effect 
or Will terminate the attack abruptly. Atrial tachy- 
cardia may be accompaiu'ed by such an aberration 
of the QRS complex that an erroneous diagnosis of 
ventricular tachycardia may be made and some- 
times the differentiation may be impossible. 

The causes of atrial tachycardia arc not known 
since most patients exhibit no signs of organic 
disease. Prognosis is excellent unless the attadc 
brings on congestive failure or myocardial ischemia. 
The keystone of therapy is reassurance coupled 
with attempts to prevent the seizures and to ter- 
minate the disorder when it occurs. For many pa- 
tients digitalis is the most effective drug for the 
prevention of the attacks; in others, quirudine is 
more useful. Certain patients notice that die attacks 
are regularly precipitated by certain trigger factors, 
such as anxiety or digestive disturbances, and 
avoidance of these will have a salutary effect In 
many, the attacks occur at such long intervals that 
the patient himself will prefer to treat the disorder 
only when it transpires rather than to take a drug 
indefinitely to prevent the ectopic rhythm. 

For the treatment of paroxysmal atrial tadiy- 
cnrdia, the patient should assume the recumbent 
position and be given a sedative, such as sodium 
pentobarbital or secobarbital, 0.2 Cm given inlra- 
muscularly. If significant hypotension is present, 90 
mm systolic or less, slightly higher if the patient has 
previously been hypertensive, elevTition of the 
blood pressure by phenylephrine to not more tban 
inn »r.ny suCice to restore a normal rhythm 
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or to make the heart more responsive to other meas- 
ures (p. 1396). The carotid smuses should be mas- 
saged for about 15 to 20 sec, each one separately, 
while listening to the heart, discontinuing the mas- 
sage if the rate slows abruptly. If the ectopic 
rhythm persists, lanatoside C, 0.8 to 1.2 mg, should 
be given intramuscularly or very slowly intrave- 
nously, provided, of course, that the patient has not 
received digitalis during the preceding 2 weeks 
The digitalis acts as a vagal stimulant. If after 1 hr 
the tachycardia continues, carotid sinus pressure 
should again be attempted, and if this fails, neo- 
stigmine (Prostigmine) 0 5 to 1.0 mg, a cholin- 
esterase antagonist, may be administered intra- 
muscularly, followed again by carotid sinus massage 
If all these measures fail, morphine sulfate 10 to 
15 mg subcutaneously is given, and during the 
ensuing sleep the attack will usually cease. 

Almost invariably one or more of these proce- 
dures will be effective and methacholine (Mech- 
olyl), a very powerful vagal stimulant and Lkely 
to produce alarming reactions, is practically never 
required. Qumidine may be given by mouth or 
parenlerally, but it is not often needed. 

The treatment outlined above refers to the meas- 
ures taken by the physician. Often, however, the 
patient has previously learned how to terminate 
the attack by utilizing carotid sinus pressure, or by 
inducing gagging and vomiting, or by the Valsalva 
maneuver (attempting to expire against a closed 
glottis). Naturally, these simple methods can also 
be employed by the physician before carotid sinus 
massage or drug therapy is instituted. 

Paroxysmal Atrial Tachycardia with Block. It is 

G imarily through the investigations of I.owu and 
s associates tliat the importance and significance 
of this disorder have been recognized. The arrhyth- 
mia has certain charactcnstics of flutter in that the 
responses to vagal stimulation are similar; in other 
respects, it resembles atrial tachycardia in that the 
atria] rate usually lies between 150 and 250. It is 
generally considered to be a s-anant of flutter, and 
the exact mechanism is not known. Digitalis intox- 
ication is the usual cause, and on this account, this 
ectopic rhythm requires separate discussion because 
the treatment is ^together different from that of 
atria] tachycardia or flutter. Sensitivity to digitalis 
increases with the severity of heart faOure, age, and 
particularly with potassium depletion, usually re- 
sulting from excessive diuretic therapy or vomiting 
or diarrhea, in a patient on a Jow-sodium diet. Thus, 
under these circumstances, serious digitahs intox- 
ication may ensue with doses that would ordinarily 
be considered physiologic. 

Paroxysmal atrial tachycardia wHh block should 
be sought for in any digitalized patient who dis- 
plays other symptoms of intoxication such as nausea 
ondcomiting, or who has receh'ed vigorous diuretic 
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treatment or who may otherwise have lost potassium 
as a result of vomiting or diarrhea, or whose heart 
rate mcreases after having received full doses of 
digifflits. The diagnosis is established by obtainmg 
an electrocardiographic tracing displaying an atrial 
rate of 150 to 250, an isoelectric line between P 
waves in all leads, and AV block more pronounced 
than mere prolongation of the P-R interval. 

The earliest stage is an alteration in the form of 
the P wave and an increase in the atria] rate, 
usually with a 1:1 ventricular response- Thus, the 
rate may increase to 120 to 140 and still resemble 
a normal sinus rhythm, the impaired AV conduction 
inapparent except when carorid sinus pressure is 
applied. At higher atrial rates, a 2:1 block usually 
appears. The danger of this abnormal rhpthm comes 
from the fact that it is a manifestation of serious 
digitalis poisoning, is likely to be confused with a 
sinus tachycardia or flutter, and because of the 
presence of congestive failure, digitalis may be 
pushed even more vigorously. The proper treatment 
IS prompt cessation of digitalis and of dfuredc drugs 
and the administration of potassium by mouth or 
parenterally (p. 1397), depending on the urgency. 
Tl\e serum potassium level must not be relied on 
as a criterion of diagnosis; most patients with this 
form of disturbed heart action have little or no 
diminution in the level of serum potassium. 

In about 20 per cent of patients, the arrhythmia 
is unrelated to digitalis intoxication and potassium 
depletion. Procaine amide is then employed. If 
there is doubt about the role of potassium depletion 
and there is no uremia that could cause a hyper* 
kalemia, and there is no electrocardiographic evi* 
dence of excessive serum potassium, potassium 
therapy may bo tried. If this is ineffective, procaine 
amide should be given. 

Atrial Flutter. This arrhythmia is much less com- 
mon than fibrillation, but it is very closely alL'ed 
and the mechanism must be similar. As a rule, the 
atria beat at a rate of approximately 300 and a 
2:1, 3:1, 4:1 AV block exists, the corresponding 
ventricular rates being 150, 100, or 75. When the 
block is constant and of high degree, the condition 
will usually not be suspected; but if it is suspected, 
its presence can be confirmed by the fact that 
exercise increases the rate suddenly rather than 
gradually, and in the postexercise period slowing 
occurs suddenly, not gradually. This behavior arises 
from the fact that exercise and flutter have no 
influence on the atrial rate, but the decrease in 
vagal tone reduces the degree of block, a 4:1 giving 
way to a 2:1 block, for example, and the accelera- 
tion occurs within one beat; the reverse takes place 
as vagal tone is restored in the posteseicisc period. 
UsuaOy, a 2:1 block is present rvhen the patient is 
seen and the ventricular rate lies between 140 to 
160 This fact alone should m.il-e one suspect the 
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presence of flutter, because other tjpes of ectopic 
tachycardia are likely to be associated with faster 
rates. Carotid sinus pressure slows the x'entricular 
rate in flutter by increasing vagal tone and hence 
the degree of AV block. The slowing is maintained 
only for the brief period of pressure, and both the 
slowing and quickening occur instantly rather than 
gradually, as would be the case with sinus tachy- 
cardia if there were any response at all. Occasion- 
ally, the block is so variable that the ventricular 
irregularity is virtually identical with that observed 
in fibrillation. However, after exercise, the irreg- 
ularity of flutter tends to disappear whereas in 
fibrillation it is enhanced. 

Cm’eful auscultation will frequently reveal an 
appreciable difference in the intensity of the first 
sound in flutter, due to slight variations in timing of 
the ventricular contraction in relation to the pre- 
ceding atria] contraction (p. 89). This variation in 
the loudness of the first sound is never present in 
sinus tachycardia or paroxysmal atrial tachycardia, 
but it occurs frequently in ventricular tachycardia 
and thus serves to limit the diagnostic possibilities 
when a tachycardia is first encountered. 

Flutter is caused by essentially the same condi- 
tions that cause fibnllation, has essentially the same 
prognosis, and is treated in a somewhat similar 
manner. The usual method of treatment is to give 
digitalis, which slows the ventricular rate by in- 
creasing the degree of AV block, and commonly 
converts flutter to fibrillation. When the drug is 
withdrawn, these patients will frequently revert 
spontaneously to normal rhythm; if this does not 
occur, quinidine may be employed If the abnormal 
atrial rhythm cannot be abolished, digitalis is given 
in doses sufficient to mamtain the ventricular rate 
at a relatively normal level, 

Quinidine sometimes converts atrial fibrillation 
to flutter and the flutter may persist, the atrial rate 
decreasing from about 300 to 200. Under these 
circumstances, the ventricular rate may suddenly 
increase, the previous 2:1 ratio being replaced by 
a 1;1 response. Quinidine should be discontinued 
and digitalis administered even though fibrillation 
will probably be reestablished. 

Paroxysmal Ventricular Tachycardia. This is 
much less frequent and far more serious Ilian 
paroxj’stnal atrial tachycardia. The commonest cause 
is coronary disease, and this arrhythmia frequently 
occurs widiin a few days following the development 
of an acute myocardial infarction. Less comroonly, 
it is induced by digitalis or quinidine intoxication, 
and very rarely the arriij llimia appears spontane- 
ously in healthy persons without anj' evidence of 
cardiac disease. Tlic diagnosis should be suspected 
when tlie following clinical features are observed: 
(1) nie p.itienl has cv idence of coronary disease or 
has l»c<'n receiving digit.ilis or quinidine in large 
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doses (2) As a rule, there is no history o£ numerous 
previous attacks. (3) During the attack, the ven- 
tricular rate is usually between 160 and 210, and 
although it is essentially regular, there are often 
slight variations in the regularity of the rhythm and 
in the intensity of the first sound from beat to beat 
because the relationship bebveen the atrial and 
ventricular contractions is somewhat variable. (4) 
Carotid smus stimulation has no effect on the 
rate. 

Although these clues are very important, the 
clinical impression should he confirmed by an elec- 
trocardiogram, but even here the interpretation may 
be rendered difficult because atrial tadiycardia 
may be associated with ventricular conduction de- 
fects (aberrant QRS complexes) which cause the 
tracing to resemble that of ventricular tachycardia. 
In other words, the electrocardiographic diagnosis 
cannot be made with certainty on the sole basis of 
the abnormal complexes. In addition, it is necessary 
that the P waves be shown to occur at a rate in- 
dependent of the ventricular rate, or that there be 
demonstrated, in the intervals between attacks, 
ventricular premature beats identical In fonn with 
the complexes seen during the paroxysm. 

Since It is but one step removed from the almost 
invariably fatal ventricular fibrillation, vwitricular 
tachycardia is the most serious of the ectopic 
tachycardias. If the attack occurs during a bout of 
acute myocardial infarction, quinidme or procaine 
amide (p. 1397) may be effective (n temunatmg it, 
but one should not adopt an attitude of com- 
placency, for there is a strong probability that 
another episode will soon recur. Hence, a main- 
tenance dose of the successful drug should be con- 
tinued until the healing of the infarct is complete. 

^Vhe^ heart failure occurs in an undigitalized 
patient with ventricular tachycardia, digitaLs should 
be administered since the drug is not especially 
hazardous in such patients, as was formerly be- 
lieved. 

Some patients with ventricular tachycardia who 
are receiving large doses of quinidme or of pro- 
caine amide fail to revert to the normal mechanism 
but do exhibit marked slowing — to 120 per minute 
or less— of the ectopic rhythm. Under these circum- 
stances the administration of large doses of atropine 
(up to 2 mg intravenously) may increase the atrial 
rate to a level above that of the ectopic rhythm and 
so permit the sinoatrial node to resume its normal 
role as pacemaker and thus restore the normal 
sinus mechanism. 

\Vlien all these measures fail and the patient’s 
condibon remains critical, external countershoclc 
(250 to 400 volts) may be employed. 'Ibis proce- 
dure requires general anesthesia 

Ventricular Fibrillation. This arrhythmia may 
occur in very bnef bursts, Lasting for a few seconds. 
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then subsiding spontaneously, following which the 
rhythm previously present is resumed. These epi- 
sodes arc responsible for some of the Stokes-Adams 
attacks that characterize high-grade AV block. 
Usually, however, ventricular fibrillation is sjnony- 
mous with practically instantaneous death, since 
effective ventricular contraction and circulation 
cease. Aside from AV block, ischemic heart disease 
is the most common cause of the arrhythmia, par- 
ticularly during att.icks of acute myocardial infarc- 
tion. There had been no treatment for this calami- 
tous disorder until the introduction of extemally 
applied countershock. Needless to say, this form of 
therapy must be applied promptly, for ccssabon of 
the circulation beyond 2 to 4 min leads to irreversi- 
ble d.image in the brain and heart. This means tliat 
a candidate for the arrhytlimia, whether he is suffer- 
ing an acute myocardial infarction or has sustained 
a series of Stokes-Adams attacks, must be under 
constant observation, and there must be constant 
readiness to apply countershock. This incessant 
watch may be required for weeks, until the patient 
has been free of attacks for at le.ast a few weeks. In 
the absence of this special equipment, vigorous 
pounding of the precordium, coupled with artificial 
respiration, preferably mouth-to-mouth, may be at- 
tempted. If the heartbeat does not return imme- 
diately, tlie procedure of closed-chest cardiac mas- 
sage should be employed This Involves manual 
rhythmic compression of the sternum once per 
second, plus mouth-to-mouth respiration. Thus it 
may be possible to sustain life during the crucial 
tunc required to secure and apply the apparatus 
needed for countershoek. 

Wolff-Parkinson-Wiite Syndrome (Anomalous 
Alriovcntiiciilor Excitation). This is a congenital 
disorder characterized by the presence of normal P 
waves, a P-R interval of 0.1 sec or less, an increased 
QRS interval, a slur on the initial phase of the QRS 
complex (delta wave), and a pronounced tendency 
for the occurrence of paroxysmal tachycardia- 
either atrial tachycardia or atrial flutter or fibrilla- 
tion It IS thought by some that the entire picture is 
based on the presence of an accessory neuromus- 
cular tract (the bundle of Kent) connecting the 
atria with the ventricles over which impulses bring 
about premature activation of a portion of the ven- 
tricular musculature. There is other evidence that 
the disorder is caused by accelerated conduction 
through some of the fibers in the AV node or 
bundle. 

The electrocardiogram shifts between the abnor- 
mal (W-P-W type) and the "normal," although this 
latter may now reveal abnormalities that have been 
masked by the W-P-W form. Since the latter dis- 
pby-s a Q in leads II, III, and F, it is not infre- 
quently mistaken for the tracing of a myocardial 
infarction, especially when the patient is in the 
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midsl of an attack of paroxj'smal tachycardia, which 
occurs in about 75 per cent of the patients with 
this anomaly. The shift to the anomalous conduc- 
tion can be induced by wgal stimulation as by 
carotid sinus pressure or by digitalis given intra- 
venously. The normal l}’pc of conduction can be 
brought on by vagal inhibition as by atropine or 
exercise, also by quinidine and procaine amide. 

The condition should be suspected in any per- 
son subject to paroxysms of tachycardia, particu- 
larly when tliey hax'e occurred from youth. The 
diagnosis is established by careful scrutiny of the 
electrocardiographic tracings for the criteria enu- 
merated above. Since digitalis appears to be less 
effective than usual in the treatment of the par- 
oxysms of rapid heart action, quinidine or procaine 
amide should be emploj’cd for such attacks. A few 
instances of sudden death during on attack have 
been reported. Hence, ualh a histor)' of frequent 
bouts of paroxysmal tachycardia, maintenance 
doses of either quinidine or procaine amide should 
be given indefinitely. 

Sinus Bradycardia. This is a condition in which 
excitation of the heart proceeds in the normal fash- 
ion, although the sinoatrial pacemaker discharges 
at the unusually slow rate of about 40 to 50. It is 
occasionally seen in normal persons, particularly 
trained atluctes. It may also be encountered in pa- 
tients with increased intracranial pressure, in con- 
valescence after febrile illnesses, in obstructive jaun- 
dice and myxedema. Practically never does the slow 
heart alone cause symptoms, for cardiac output is 
maintained at a normal level through a correspond- 
ing increase in stroke volume. Differentiation from 
complete AV block is readily made by electrocar- 
diogram and also by the quickening of the heart 
rate >vith atropine and exercise, and the faUure of 
these measures to bring about an appreciable in- 
crease in ventricular rate in complete AV block. 

Heart Block. This term refers to a condition in 
which the wave of excitation from the atrta is de- 
layed or blocked at the junctional tissues (AV node 
and common bundle). The P-R interval represents 
the time required for the impulse to traverse the 
AV node and bundle, and 0.20 to 0 21 sec is gen- 
erally accepted as the upper limit of normal. When 
the P-R interval exceeds this period of time and all 
the atrial heats are followed by ventricular beats, 
the state is called jirst degree bloc^. A more ad- 
vanced disturbance in the conduction system, sec- 
ond degree block, is present when from time to 
time the atrial impulses are incapable of penetrat- 
ing the conduction system and of exciting the ven- 
tricles. Third degree or complete heart block de- 
scribes the condition in which the conduction sys- 
tem is so altered that no atrial impulses readi the 
ventricles, and the atria and ventricles maintaui 
separate and independent rhythms. 
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First Degree Block. This may be due to increased 
vagal tone in a healthy, normal person. We ha\e 
seen an Olympic champion whose P-R interval is 
regularly 0.26 to 0,28 sec. Prolongation may be 
caused by impairment of the conduction system as 
a result of digitalis or any of the inflammatory, 
toxic, degenerative, or vascular processes that may 
affect the heart. Prolongation of the P-R interval, 
as may occur in rheumatic fever, may be suspected 
when the intensity of the first heart sound suddenly 
declines in intensity without any other change in 
the clinical picture and without evidence of fluid 
in the pericardium, or when a presystolic murmur 
becomes middiastolic in the absence of atrial fibril- 
lation. 

In the absence of any other criteria to indict the 
heart, this one electrocardiographic deviation from 
an arbitrary norm should not be construed as evi- 
dence of organic heart disease, and it requires no 
treatment. 

Second Degree or Partial Heart Block. The care- 
ful and extensive studies of Gilchrist have illumi- 
nated important aspects of partial heart block that 
have not previously been widely appreciated. We 
draw on his observations freely in this discussion. 
Second degree block may be divided into ttvo 
groups. In die benign form, type I, the P-R interval 
increases progressively until finally on atrial beat 
is completely blocked, the corresponding ventricu- 
lar beat dropping out (Wenckebach pause). The 
P-R interval after the pause shortens to within the 
normal range but each successive one lengthens, 
and the cycle is repeated. The dropped beat may 
occur after six to eight conducted beats, or it may 
take place after every second atrial impulse, thus 
giving rise to a 2:1 AV block and becoming indis- 
tinguishable at first glance from the more serious 
2:1 block to be desenbed below. However, the dif- 
ferentiation can be readJy made by inhibition of 
vagal tone, as by intravenous injection of atropine 
(I to 2 mg) or exercise. In the benign type I, the 
block diminishes or disappears with such a proce- 
dure, whereas it increases with type II partial block 
and may promptly develop into a complete, though 
temporary, AV block. Type I second degree block 
is usually due to increased vagal tone, occurring 
^nlaneously or after carotid sinus pressure or fol- 
lowing digitalis therapy. It is almost always a transi- 
tory phenomenon and requires no treatment. 

Type II, a far more serious disorder, appears as 
a 2:1, 3:1, or 4:1 block, the P-R interval being 
either normal or increased, but always fixed and 
unvarying. This form of heart block may be caused 
acutely by a posterior myocardial infarction or by 
diphtheria, usually a transient block with the for- 
mer, almost always w'th the latter. It may also re- 
sult from coronary sclerosis in the absence of an 
acute episode of infarction, calcification of the mi- 
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tral annulus, extension of the lesion of aortic ste- 
nosis into the septum, any of the diffuse disorders 
of the myocardium (p. 1461), or congenital heart 
disease, usually a patent ventricular septum. 

Syncopal attaclu are common in t^e II blocic, 
and they display the characteristics of all sudi syn* 
copal attacks as arc due to a sudden cessation of 
circulation (p. 305). The attacks occur suddenly 
and without warning and in both the upright and 
recumbent postures, in contrast to the premonitory 
lightheadedness, faintness, “blacking out" that al- 
ways precede the simple vasodepressor syncope 
which always develops in the upright position and 
is relieved by the recumbent posture. If patients 
with type n 2:1 block, for example, are carefully 
observed during or shortly after the lapse of con- 
sciousness, ventricular standstill or fibrillation will 
be recorded during the syncopal period, followed 
by complete block in the early recovery stale, a 2:1 
block being restored after a few hours or days. 
When a person with a slow heart rate or with an 
electrocardiographic tracing of partial block devel- 
ops a syncopal attack with the characteristics de- 
scribed above, the diagnosis should be simple. How- 
ever, in a number of patients, syncopal attacks may 
appear at relatively long intervals over a number 
of years, during which time the electrocardiogram 
may be perfectly normal and the P>R interval well 
within the normal range. Nevertheless, intravenous 
atropine in such persons will usually unmask a con- 
cealed block. The important lesson to be drawn is 
that, when a middle-aged or elderly person gives 
a history of syncopal attacks that develop toithotn 
warning, one should suspect a Stokes-Adams attack 
even if the electrocardiogram at the time of the 
examination is normal in all respects. Eventually, 
most of the persons with type II block, whether of 
the overt or concealed form, will develop complete 
block, if pnor to this eventuality, they have not 
succumbed in a Stokes-Adams attack or to some 
other disease. One condition, less serious, that may 
cause identical syncopal attacks, is a hypersensitive 
carotid sinus that is responsible for faulting attacks 
of the cardioinhibitory type. 

Complete or Third Degree Block. This condition 
is caused by any of the disorders responsible for 
t)'pe II partial block. Occasionally, one encounters 
an otherwise normal person with congenita) block, 
and rarely a patient with persistent complete blocic 
will be found at autopsy to display no demonstrable 
microscopic lesion in the conduction system. A 
transitory form, lastmg a few seconds, may follow 
carotid sinus pressure, and it may also be a conse- 
quence of digitalis intoxication, disappearing a week 
or two after the drug is withdrawn. The ventricular 
rate is 45 or less, although following an acute pos- 
terior infarction or digitalis intoxication, the rate 
may be as rapid as 65. The rh)'thm is regular, and 
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the rate increases slightly after exercise. Paradoxi- 
cally, the rate m.iy increase after atropine. The 
intensity of the first heart sound varies from beat 
to beat, sometimes being almost inaudible and at 
other times so loud as to merit the term bruit de 
canon (p. 89). Faint atrial contractions can also 
be heard, and if atrial contraction occurs during an 
early ventricular filling period, a short Wowing 
mitral diastolic murmur may be heard ond recorded 
(R)tand murmur). 

Tlie prognosis of first and second degree, type I, 
block 1 $ favorable. The outlook for high grades of 
block (type II, partial or complete AV block) is 
always uncertain since the patient is constantly 
subject to the risk of Stokes-Adams attacks, any of 
which may be fatal. When such attacks occur fre- 
quently in patients with complete block and are 
uncontrolled, death usually occurs within a year. 
During this period the patient who is having nu- 
merous and prolonged attacks seems, like Castor 
and Po!lu.x, to alternate between the realm of the 
living and the kingdom of the dead. In acute mj-o- 
cardial infarction, the presence of high-grade block 
doubles the risk dunng the first 2 to 3 weeks. 

Treatment of Heart Block. The important prob- 
lem is the management of the Stol^cs-Adams at- 
tacks. The most generally effective drugs are the 
sympathomimetic agents, such as isoproterenol, 
epinephrine (aqueous or suspended In oil), and 
ephedrine. In acute myocardial Infarction they may 
also be employed but all these drugs, including 
isoproterenol, Uie one most favored, increase m^ 
cardial metabolism and, hence, tend to cause hy- 
poxia and occasionally prolonged anginal attacks 
Should these occur, the drugs should be discon- 
tinued promptly. Corticotropin and corticosteroids 
sometimes are efficacious when the sjTnpathonii- 
mctic drugs are not helpful or cannot be continued; 
the mechanism of their beneficial effect is not cer- 
tain. Because potassium depletion accelerates con- 
duction, cblorthiazide, 500 to 750 mg combined 
with sodium bicarbonate 10 Cm given throughout 
the day, has been found to exert a favorable effect 
in partial heart block. In life-threatening situations 
where syncopal attacks are frequent and uncon- 
trolled, the application of the external pacemakers 
under constant observation may be used for ven- 
tricular standstill and external counfcrshock for 
ventricular fibrillation, and these measures may tide 
the patient over a very stormy period. During the 
minutes required to initiate ^ese procedures, life 
may be sustained by the method of closed-chest 
canbac massage, as discussed on p. 1402. For con- 
gestive failure in conjunction with complete block, 
digitalis may be us^ without reservation. With 
partial block, digitalis therapy may either improve 
or worsen the degree of block. Hence the drug 
should be withheld unless congestive failure fails 
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to respond to other measures. Under no circum- 
stances should quinidine or procaine amide ever 
be used in the presence oj high-grade Wocfe, re- 
gardJess of what other indications may exist, since 
in these patients the fibriUatory action of these 
drugs predominates over the antifihrillatory’ effect. 

When, despite drug therapy, syncopal attaclcs 
continue at frequent intervals, an internal pace- 
maker may be inserted surgically. 

Bundle Branch Block. These disorders, which are 
not arrhythmias in the strictest sense, may be con- 
veniently mentioned at this point. When the dura- 
tion of the QRS complex is 0.13 sec or more, and 
when the main deflection is positive in leads I 
and Vq and negative in leads III and Vj, left 
bundle branch block is said to be present. Similar 
prolongation but with the opposite directional de- 
flections m the leads mentioned, is characteristic 
of right bundle branch block. Lesser degrees of 
QRS lengthening with an RST pattern are often 
designated as incomplete left or right bundle 
branch block. In some instances there may be 
marked prolongation of the ventricular complex 
\vithout above-mentioned characteristic recipro- 
cal changes in the opposite leads. These are usually 
considered interventricular block. 

These several disorders are all related to delayed 
spread of ventricular excitation. The commonest 
causes are coronary disease, inflammatory or in- 
filtrative disease of the myocardium, and marked 
unlventiicular hypertrophy, producing delay in 
the spread of the impulse through the thickened 
chamber. 

None of the rather numerous physical signs 
which have been attributed to bundle branch block 
are wholly reliable. The electrocardiogram remains 
the only consistently accurate method of diagno- 
sis. 

These disturbances of conduction are usually 
encountered in persons with advanced myocardial 
disease or severe pressure loads but may be seen 
in association with volume loads, atrial septal de- 
fect being the classic example. It is probable that 
the abnormal sequence of contraction consequent 
to the disordered excitation impairs further the 
effectiveness of ventricular systole. In o patient 
with heart failure, marked prolongation of the QRS 
adds to the gravity of the prognosis. However, 
when right bundle branch block is encountered in 
an asymptomatic person under the age of 40 who 
lacks all other objective evidence of cardiac dis- 
ease, the outlook is excellent. In asymptomatic pa- 
tients of any age with left bundle branch bkxdc, 
and in those with the right bundle disorder who 
are older than 40, the prognosis is less certain be- 
cause there is always the possibility that the con- 
duction disorder may be the sole manifestation of 
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coronary disease. Even so, any activity vvhich 
causes no symptoms should be permitted. 

It is probable that contusion of the heart (steer- 
ing-wheel injury, boxing, football, etc.) is a fre- 
quent cause of the benign varieties of bundle 
branch block. However, a history of injury is not 
always obtainable, and the cause of these benign 
instances often remains uncertain. 

The treatment of bundle branch block is that 
of the associated disorder. No therapy except ju- 
dicious reassurance is indicated for those persons 
who lack s)Tnptoms and present no objective ab- 
normahties other than the prolonged intraventricu- 
lar conduction. It should be repeated that one 
treats patients — not electrocarcbograms. 
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QCI PRINCIPLES OF PHYSICAL 
AJL SIGNS REFERABLE 
TO THE HEART 
T. R. Harrison and 
William II. Resnik 

Dyspnea and ischemic pain, which are the most 
important subjective manifestations of structural 
disease of the heart, have been discussed in earlier 
chapters (pp. 104 and 32). The objective signs 
fall into two general groups: those which are re- 
lated to cardiac failure (Chap. 249) and which are 
found mainly in organs other than the heart, and 
those which are <luc to cardiac disease and uhich 
are dctectevl by examination of Uie heart Itself. It 



1406 SEC. 2 

is with the latter phenoincna that this diapler is 
concerned. It should be emphasized that, while 
tliesc objective signs of abnormality are almost in- 
variably concomitants of heart disease in young 
persons, tlicy are often absent in older patients, 
despite the presence of a serious disorder. 

CARDIAC ENLARGEMENT 

Increase in the size of the cardiac shadow due 
to pericardial effusion, which may exist m the ab- 
sence of any enlargement of the heart itself, is con- 
sidered in Chap. 23G, Pericarditis. Aside from 
these effusions, the .x-ray is of particular value in 
regard to dilatation but often fails to detect hyper- 
trophy which, when marked, usually produces char- 
acteristic alterations in the electrocardiogram. A 
very slight degree of hyperUophy may elude rec- 
ognition by all methods, including autopsy, but 
moderate degrees are frequently best found by 
palpation. 

The normal apex tap is mainly due to recoil of 
the ventricles as ejection starts. Left ventricular 
hypertrophy usually produces an exaggerated api- 
cal thrust which is felt over a larger area and is 
longer sustained than the normal sharply localized 
brief tap. Similar changes may occur following 
apical infarction, and the differentiation between 
the two causes will depend on the associated find- 
ings. Less frequently, a striking but temporary ex- 
aggeration of the apex thrust appears during an- 
ginal attacks and vanishes as the pain subsides. The 
onginal and postinfarctional apical bulges are ap- 
parently caused by ballooning of feebly contract- 
ing ischemic areas, as die remaining hcalUiy mus- 
cle undergoes vigorous contraction. 

In the case of left ventricular enlargement the 
exaggerated tlmist is probably due to one of two 
mechanisms, or a combination of Uiem. 

Since the base is normally thicker than the apc.x, 
nn equal rclatica degree of hypertrophy will mean 
greater absoUile thickening at the base and relative 
weakness of the apex. Thus the exaggerated apical 
thrusts due to ischemia and to hypertrophy are 
probably both related to an increase in the base/ 
apex contractile ratio. 

The mechanism of the exaggerated apex thrust 
seen witli acute dilatation, in the absence of hjper- 
troph)’, is probably different. Here, the apex be- 
comes rounded, with loss of the normal conical 
shape of the left ventricular cavnty. Thus, since 
tension — pressure X radius, tlie thinner apex is 
now subjected to the same tension as the thicker 
base, and this causes apical systolic ballooning. In 
the normal heart this does not occur because the 
smaller apical mdius reduces the tension in that 
region. 

Right vcnlricubr hjpertrophy usually produces 
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a diffuse precordial systolic lift which is more 
marked in the left parasternal than in the apical 
region. It is uncertain whether this is caused by 
exaggeration of the rightward-forward twist, which 
was first described by \Villfam Harvey, or by a 
change in shape of the right ventricle due to in- 
creased pull of the tricuspid ring toward the apex. 

Elevated cardiac output, whether due to exer- 
cise, excitement, or such conditions as thyrotoxi- 
cosis or anemia, may also cause a diffuse precordial 
impulse. Tliis is likew'ise often observed in patients 
with congestive heart failure, and in some persons 
with infarction of the interventricular septum, 
which apparently bulges toward the right ventricle 
when its contractile power is reduced Similar but 
temporaiy changes may occur during anginal at- 
tacks Patients with emphysema and low dia- 
phragms often exhibit a pronounced systolic foot- 
ward-forward thrust of the inferior cardiac border. 
This can be readily felt in the epigastrium, but 
must be distinguished from the forward pulsation 
of the abdominal aorta and the right subcostal 
systolic movement of the liver in patients with 
tricuspid insufficiency. 

\Micn hypertrophy is marked, the palpatory find- 
ings may be confusing because extreme hypertro- 
phy of cither ventricle may cause exaggeration of 
both the opicnl and parasternal motions. In this 
circumstance the electrocardiogram is more reliable 
However, when hypertrophy is of moderate degree* 
simple palpation is usually more trustworthy than 
instrumental methods, provided the other condi' 
tions which have been cited can be excluded. 

The x-ray sometimes supplies indirect informa' 
tion concerning hypertrophy by demonstrating 
valvular calcification. More commonly, it detects 
enlargement but does not distinguish between dda' 
tation and hypertrophy. Since, in the absence of 
pericardial effusion, marked, enlargement of the car- 
diac shadow is mainly due to dilatation, the x-ray 
is especially useful in detecting the latter process. 
It 15 also tile most reliable method for recognition 
of atrial enlargement, although the electrocardio- 
gram is sometimes valuable in this respect. Thus 
broad notched P waves and narrow tall P waves 
point toward hypertrophy of the left and right 
atna, respectively. Because the congenit.iI lesions 
often produce bizarre and sometimes characteristic 
changes in the shape of the cardiac chambers or 
of the great vessels, the fluoroscopic and, especially, 
angiographic methods are particularly useful in 
these conditions (Chap. 252). 

ALTERATIONS IN HEART SOUNDS 

Improved methods for recording heart sounds 
have extended the information which can be ob- 
tained by auscultation. The following discussion. 
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which is based largely on the work of Leatham, 
deals mainly with such aspects of heart sounds and 
murmurs as can, with some practice, bo elicited 
at the bedside. Phenomena which can he recorded 
but not readily heard will be mentioned only when 
they illustrate general principles. 

The obser\’et who desires to obtain maximal In- 
formation from auscultation of the heart should 
keep two points constantly in mind; (1) In order 
to hear a faint sound or murmur it is nccessaiy' to 
listen specifically for it, i.e., to focus one's attention 
on that phase of the cycle during U’hich the mani- 
festation in question may be expected to occur. 
(2) The accurate timing (which is essential for 
correct interpretation) of a phenomenon necessarily 
involves relating it to kno%\’n events. Frequently, 
the relationship to the first or second sound will 
suBice, but in many instances the clarification will 
come from simultaneous auscultation and inspec- 
tion or palpation of the jugular pulse, the carotid 
upstroke, the apical thrust, or the precordial heave. 

The low-pitched sounds and murmurs arc best 
heard with gentle pressure, using the bell-shaped 
stothoscopic endpiecc. However, high-pitched 
sounds, such as diastolic blo^vs, arc better heard 
with the diaphragm stethoscope, or with firm pres- 
sure if the bell is used. The tense skin then acts 
like a diaphragm and tends to transmit high-fre- 
quency vibrations. 

The Interventricular septum often inhibits the 
transmission of the left-sided phenomena to the 
anterior prccordium. Hence the signs arising at the 
mitral valve are best heard at the apex, which is 
normally part of the left ventricle. Likewise, the 
second sound at the apex, as well as in the right 
second space, is mainly due to aortic closure. The 
tricuspid first sound is best heard in the fourth or 
fifth interspace just to the left of the sternum, while 
the pulmonic second is usually maximal in the sec- 
ond or third space. However, the blow of aortic 
insufficiency and the opening snap of mitral steno- 
sis are exceptions; both these phenomena are often 
best heard in the tricuspid area. 

There is still some dispute concerning the rela- 
tive significance of valvular, muscular, vascular, and 
pericardial vibrations in the production of the heart 
sounds. In our opinion, the evidence indicates that 
abrupt change in tension of the valve cusps is the 
sole factor in the production of the audible com- 
ponents of the three normal sounds. Under abnor- 
mal conditions, the great vessels or the pericardium 
may produce sounds, but there is no convincing 
evidence that these ever arise in the myocardium. 

Intensity. The chief factors which inQuence the 
intensity of the first sound are (1) the position of 
the valves at the onset of ventricular systole, which 
IS usually determined by the length of time daps- 
ing between atrial and ventricular contraction (p. 
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89); (2) the rate of rise of ventricular pressure; 
(3) the presence or absence of structural disease 
of the mitral valve; and (4) the amount of tissue, 
air, or fluid beriveen the heart and the surface. 
Loudness of the first sound is favored by short con-*' 
duction time, high cardiac output, mitral stenosis, 
and thinness. The reverse of these conditions tends 
to be associated with faintness of the first sound. 

Aside from such extracardiac factors as ohesit)’, 
e mphysem a, and effusions in the chest»_the!inten- 
sity a nd to some e xtent the qualit y of i he-second 
heart s ound may be in fluenced by alterations in the 
character of the vessel walls. Accentuation of the 
aortic second sound is a normal phenomenon with 
age and occurs in such conditions as arteriosclero- 
sis or sj'phititic aortitis, which may cause diffuse 
change in the physical properties of the wall of the 
aorta. The other conditions which affect the inten- 
sitj' of the second sound are primarily those which 
alter pressures in the aorta and pulmonary artery, 
an increase in pressure tending to be associated 
with accentuation of the corresponding sounds. 

The loud first sound of mitral stenosis is prob- 
ably related not only to the thickening of the cusps 
but to the delay in onset of the mitral component 
because of the elevated left atrial pressure. Thus 
the normal splitting due to earlier mitral closure 
is absent, the mitral and tricuspid components are 
fused, arrd the first sound tends to be louder but 
briefer than normal. When the period elapsing be- 
hvecn the start of excitation and mitral closure 
(Q-S‘ lime) exceeds 0.07 sec, mitral stenosis is 
probable and the degree of prolongation bears a 
general relationship to the height of left atrial pres- 
sure and hence to the degree of stenosis. 

Quality. Judgments concerning the state of the 
heart on the basis of the “quality” of the first sound 
are likely to be fallacious. The Uc rhythm (embryo- 
cardia) of shock is a reflection of tachycardia and 
defective venous return. The diminished intensity 
which is so common in older persons is usually the 
result either of such extracardiac factors as emphy- 
sema or obesity or of a relatively long P-R interval 
caused by vagal tone. The functional integrity of 
the myocardium cannot be assessed by the inten- 
sity or pitch of the first heart sound. Other criteria 
should be utilized (Chap. 249). 

Three-sound Rhythms. These fall into several 
general groups (Fig. 251-1). The additional sound 
may be heard in close approximation to the normal 
first or second sound, or in midsystole, or in mid- 
diastole. 

Splitting of the First Sound. This is a normal 
phenomenon because closure of the mitral valve 
precedes that of the tricuspid by 0.01 to 0.02 sec. 
This q>litUng is usually best heard at the tricuspid 
area where the second and fainter component is 
loudest. It may be heard in a considerable proper- 
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Fic. 251-1. The tnidJsastohc sounds due io a prolonged 
F-R interval or to a one-sound ventricular premature 
beat (see le.xt) are not shown because Uteir times are 
inconstant in relation to the cardiac cycle The midsys* 
tohe cxtiacardiac noises are likevvi:>c not indicated. 

Because of their close temporal approximation, the 
ejection clicks cannot he separated from splitting of the 
first sound by auscultation. The pccsysiolic rumble, 
when very brief, may be confused with an atrial gallop, 
but both may usually be distinguished (loro the oUiei 
phenomena. 

During re1a.xation and early filling, the split second 
sound may be confused with the opening snap, the 
normal tlnrd sound, die filling (protodinstolic) gallop, 
or with a filling rumble of unusually brief duration TlU 
distinction between those several phenomena, while of- 
ten possible by auscultation alone, sometimes requires 
simultaneous phonocardiograms, electrocardiograms, 
pulse tracings, and records of precordial movement 

lion of healthy persons. The distinction from the 
less frequent e/cction sound usually requires graphic 
methods. The latter phenomenon is apparently due 
either to semilunar opening or to the sudden ex- 
pansion of the great vessels and is usually best 
heard nt the pulmonary area in persons vviA pul- 
monary hypertension. It may be recorded by sen- 
sitive techniques at the aorbe or mitral areas in 
many normal persons but is rarely audible and has 
little practical significance. 

\\'hen the F-R interval is normal, the very small 
vibrations of the atrioventricular cusps related to 
atiial activity arc blended -with the larger forces of 
the first heart sound and are usually inaudible. 
Wien, as occurs in the several types of heart block, 
tins Interval is abnormally long, the atrial sounds 
m.iy be heard (see below). In patients with heart 
failure and regular rhytlim, the force of atrial con- 
traction is nearly always increased and, even thou^ 
the P-R interval is normal, an audible sound— -die 
prcsijstolic or alrial (i^aUop — is commonly noted. 
This plienotncnon, although occasionally audible in 
tlic absence of heart failure, usually signifies that 


failure is present or imminent and is, lliercfore, of 
practical importance. Just prior to atrial contrac- 
tion, the atrial pressure is equal to that in the cor- 
responding ventricle. A slight elevation of ventricu- 
lar diastolic pressure causes relatively great stretch 
of llie thin-vvalled and liighly distensible atrium 
Thus, in accordance with Starling's law, the changes 
in pressure as the atrium contracts and then relaxes 
are greater than normal. The resulting exaggerated 
tensing of the cusps is apparently responsible for 
the atrial sound. 

The presystolic gallop may usually be distin- 
guished from a split first sound by the longer in- 
terim (ta-lubh — dup, rather than t'lubb-^up). 
The differentiation from an exceptionally brief pre- 
systolic rumble, a rare source of confusion, can be 
made by listening after exercise, which increases 
the duration of the latter. 

The third sounds occurring during midstjstok 
are nearly always of extracardiac origin. They com- 
monly arise from bubbles of air in the neighboring 
alimentary organs but may be due to pneumothorax 
or to mediastinal emphysema. In some instances, 
their site and mechanism are unknown, but they 
have no significance as regards the heart 

Splitting of the second sound is a nonnal phe- 
nomenon during inspiration, when the greater In- 
flow into the right ventricle produces some prolon- 
gation of its ejection. The delay in pulmonic closure 
due to the lower pressure as compared with that 
in the aorta is normally very slight dunng expira- 
tion, and can be demonstrated only by graphic 
methods Audible expiratory splitting, which is best 
heard in the tricuspid or pubnonaty areas, is prob- 
ably always abnormal when it is present m the 
sitting or standing position. It is usually but not 
invanably abnormal in the recumbent position. Such 
splitting may be due to delayed pulmonary closure 
because of an increased flow load involving the 
right ventricle only (interatrial defect or anomalous 
venous drainage with one or more pulmonary veins 
emptying into the right atrium) or, more rarely, 
to an increased pressure load from pulmonic steno- 
sis Although phonocardiograms may display the 
same phenomenon with right bundle branch block, 
the change is rarely so pronounced as to be of bed- 
side diagnostic value in the latter condition. Un- 
usually early aortic closure, such as occurs with 
mitral insufficiency, may also produce audible ex- 
piratory splitting. 

In patients with large interatrial defects, the fill- 
ing of the right atrium from the left may exceed 
Uiat from the cavae. Hence the volume and dura- 
tion of right ventricular ejeebon are not significantly 
increased by inspiration. Therefore, there is no in- 
spiratory e.xaggcration of the splitting of the second 
sound. This phenomenon is of diagnostic value, i e . 
a pronounced expiratory split which is not audibly 
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greater during inspiration is suggestive evidence for 
the presence of an interatrial defect. 

The opening snap is occasionally due to tricuspid 
stenosis. Much more commonly, it is an important 
sign of mitral stenosis. Its time of onset after the 
second heart sound is inversely related to the height 
of the left atrial pressure. Thus a very short S'-OS 
time, like a very Jong Q-S* b'me, speaks for a high 
degree of mitral stenosis. 

The opening snap is of brief duration, high- 
pitched, and usually best heard in the fourth or 
fifth space between the left sternal margin and the 
ape.T. These features will usually distinguish it from 
the split second sound which occurs somewhat ear- 
lier and is likely to be better heard at the pulmonic 
or apical regions. 

Three sounds may be noted during the phase of 
rapid filling. Two of these, the pht/rioiogic third 
sound and the prolodiasiolic (filling) gallop, are 
apparently both due to a rapid equalization of pres- 
sure between atrium and ventricle, with headw'ard 
rebound of tlie atrioventricular cusps. Although 
Uiey occur at the same time, have Uie same low 
pitch, and arc heard in the same (mitral or tricus- 
pid) aicas, they are not hkely to be confused with 
each other. The physiologic third sound occurs in 
young persons and probably signifies rather com- 
plete ventricular emptying. In the case of the pro- 
todiastolic gallop, the rapid filling is due not to 
unusually low pressure in the ventricle but to ele- 
vation in the atrium and possibly also to some dila- 
tation of the atrioventriculat orifice. Thus we have 
the parados of a somewhat similar phenomenon 
indicating either a vigorous or an impaired heart. 
The distinction is based on such associated find- 
ings as age, heart size, and the history of exercise 
tolerance. Furthermore, the normal third sound is 
usually best heard when the rate is slow, whUe 
moderate tach)’cardia is the rule in patients with 
the filling gallop. Because of this, the cadence re* 
sembling that of a cantering horse is usually pres- 
ent only with the latter condition. 

Confusion between these two phenomena and a 
very brief filling rumble is rare and can usually be 
settled by exercise, which tends to prolong the lat- 
ter phenomenon. 

The filling gallop is of great practical impor- 
tance. It is often the sole cardiac sign of heart fail- 
ure, the other manifestations being found in (be 
lungs or elsewhere. It may also be the earb'est sign, 
preceding the congestive phenomena by months or 
even years. When, as is commonly true, it arises 
on the left side, it is best heard at the apex and 
is louder during expiration. However, right ventric- 
ular gallops occasionally occur. They are Lkely to 
be equally or more loud during inspiration and are 
best heard in the lower parasternal region or, when 
emphysema is present, in the epigastrium. 
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These several phenomena, which occur during 
early filling, may usually be separated from the 
split second sound and from the opening soap by 
Aeir lower pitch and by their point of maximal 
intensity, which is ordinarily in a more inferior 
interspace. However, doubt may occur in a patient 
presenting signs of both stenosis and insufficiency 
of the mitral valve. Here, the distinction assumes 
great practical significance in relation to cardiac 
surgery. An opening snap speaks strongly for pre- 
dominant stenosis, while a left ventricular filling 
gallop precludes marked narrowing of the xalve 
because pronounced stenosis prevents the rapid 
pressure equalization which produces the gallop 
Under this circumstance it may be necessary to 
make simultaneous recordings of heart sounds and 
of precordial motions, in order to leam whether the 
sound in question precedes the onset of filling (split 
sound), coincides exactly with it (opening snap), 
or appears 0.04 to 0.06 sec later (filling gallop). 
Even so, caution must be exercised to avoid con- 
fusion between (1) mitral insufficiency’ with both 
a rumble due to rapid filling and a left-sided filling 
gallop; and (2) mitral stenosis, as the cause of the 
rumble, associated with a right ventricular filling 
gallop (pp. 1412 and 1440). 

The pansyslolie murmur of mitral insufficiency 
may continue during relaxation and thus mask the 
second sound at the apex. Under this circumstance 
the filling gallop may be mistaken for the second 
sound. 

Being low-pitched, the protodiastolic gallop is 
best heard with a bell-type stethoscope, using gen- 
tle pressure. It is ordinarily the faintest of the three 
sounds but may be the loudest This confusing sign 
is especially common when the rate is rapid, dias- 
tole short, and the atrial and filling gallops arc 
superimposed during rapid filling (summation gal- 
lop). 

Although rubs, murmurs, or even e.ttracardiac 
noises may be heard during middiastole, true heart 
sounds are rare at this time of the cycle. When the 
P-R interval is long, the faint vibrations of the 
valves induced by atnal activity may produce a 
low-pitched and faint but audible sound. It is im- 
portant to separate this from the single sound 
caused by a very premature ventricular beat which 
is too feeble to open the semilunar valves and hence 
causes no second sound. Either phenomenon may 
occur in middiastole. In most instances, the pre- 
mature beat has a higher pitch. However, the dif- 
ferentiation may be impossible by auscultation. This 
is almost the only situation in which the electrocar- 
diogram will supply crucial information concerning 
the exact nature of heart sounds. Such a tracing 
should always be made because both conditions — 
heart block and frequent premature beats — may 
require treatment and the drug which is indicated 
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pressure differences between adjacent areas ate iUustralcd. P and Q Indicate tliC onset of atrial and vcnfnciJar 
CTCilahon, respectively. 

Note that the mumiur of mitral insufficiency starts with the beginning of the first sound (Rf). and endures 
beyond the second, or until the pressure in the left ventricle (LVP) falls below that in the left atnum (EAp) 
In contrast, the “diamond" murmur of aortic stenosis starts latw, as ejection begins. It increases and flien de- 
creases In Intensity, according to the pressure gradient between the left ventricle and the aorta (AoP), find 
ceases just before the aortic second sound (A*) as these pressures become erpialJred. 

The murmur of aortic insufficiency starts with the second sound because the left ventricular pressure falls 
below the aortic at this time Tlie filling rumble of mitral stenosis begins later os the ventricular pressure Jescetids 
below the atrial. The pres^'stolic accentuation of the stenotic murmurs occurs as Uie left atrium contracts. 


for one of them may be seriously hazardous for tlie 
other (p. 1405). 

MURMURS 

The discussion to follow Js concerned primarily 
with murmurs arising in the heart, and only inci- 
dentally with those in other areas. It deals with the 
mechanisms and types of murmurs and their gen- 
eral significance but not with the specific causative 
lesions, which are considered in the next two chap- 
ters. 

Most murmurs are limited to systole or diastole; 
a few are continuous Diastolic m urmurs alwflj? 
m ean organic diseas e, and the main problem is that 
of hearing them. Systolic murmurs are more readily 
heard, may or may not signify a structural disorder, 
and the cJiief (Question is that of interpretation In 
this regard a rheumatic history, an associated thrill, 
or the demonstration of a calcified valve may be of 
crucial importance. 

The predse time of onset and of offset of mur- 
murs depends on the point of the cardiac cycle at 
which an adequate pressure difference between Wxi 
chambers appears and disappears. This general 
principle, which is considered in some detail in 
subsequent pages, is illustrated in Fig. JSl-2. In- 
spection of this diagram will reveal the reasons why 
murmurs are called pansystoUc, ejection, tale sys- 
tolic, regurgilant, early iilling, and presijslolic. 

The accentuation of a murmur during inspiration 


means that it is almost certainly arising on the 
right side of Uie heart, the effect of the augmented 
venous return predominating over the damping 
tendency of lung expansion. Expiratory exaggera- 
tion has less significance. It Is the rule with left- 
sided murmurs but may also occur with those ads- 
mg in the right chambers if the intensifying result 
of reduced lung volume predominates over the he- 
modynamic effect of reduced venous return. 

There is no simple relation between the loudness 
of a murmur and the seventy of the responsible 
lesion. Thus in the advanced stages of mitral ste- 
nosis the diastolic rumble may actually decrease 
because of diminished flow through the orifice. 
Similarly, in patent ductus arteriosus the develop- 
ment of secondaiy pulmonary' hypertension, with 
aggrav'ation of the patient’s symptoms, may be as- 
sociated wldi reduced intensity of the murmur as 
the left-to-right shunt diminishes. 

The murmurs of aortic and pulmonic stenosis are 
low-pitdicd and "rough” because they are related 
to the low-frequency vibrations of the semilunar 
cusps. However, the insufficiency murmurs, being 
due to vibrations (eddies) of blood, are higher 
pitched and resemble the swishmg sound of a 
mountain stream. 

Murmurs and Turbulence, ^t'hen 0 liquid or a 
gas moves, not in smooth straight lines but in con- 
stantly changing directions and velocities, the flow 
is said to be turbulent. Murmurs, wheezes, and the 
sounds of mountain streams arc the results of tnr- 
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bulcnce, which tends to be produced by rapid ve- 
locity, by irregularity or increase in stream-bed 
diameter, and by high density of the flowing fluid. 
The latter influence presumably accounts for the 
beneficial effect on wheezing of helium, which is 
much lighter than nitrogen. Turbulence varies in- 
^•erscly with viscosit)’. Therefore, murmurs tend to 
occur in anemic patients, even if the volume and 
velocity of flow remain constant. Actually, they 
usually increase, and this also favors the produc- 
tion of murmurs. 

These considerations explain many aspects of 
murmurs: their frequent occurrence during sy’stole 
in vigorous young hearts (high velocity of flow), 
their appearance e^’en in diastole when flow is suf- 
ficiently rapid (the “pseudoslenotic atrioventricular 
nimbles” in patients with atrial septal defect, patent 
ductus, or even with uncomplicated mitral Insuffi- 
ciency); their presence with stenotic lesiom (for a 
given total flow the velocity is inversely propor- 
tional to the square of the orifice size ) . Insufficiency 
murmurs are related not only to the high velocity 
because of the large pressure difference between 
the respective chambers, but also to die additional 
turbulence caused by the convergence of two 
streams of blood. 

The bruits heard over aneurysms ate related to 
the increase in diameter. The murmur caused by 
the increase in velocity at the site of a narrorved 
vessel is usually systolic only because callateral cir- 
culabon above the constriction reduces the dias- 
tolic pressure gradient; when collaterals are absent, 
partial occlusion may cause a continuous muimur. 

The energy (pressure gradient) necessary to pro- 
duce a given volume flow is proportional to V (ve- 
locity) when the flow is laminar but to when 
it is turbulent. Thus a stenotic lesion exerts two 
harmful mechanical effects — that due to the nar- 
rowing per se and that due to the turbulence sec- 
ondary to the nanowing. As the velocity of flow 
increases with exercise, the second effect becomes 
progressively more important, as shown by increas- 
ing loudness of the murmur. 

Systolic Murmurs. These may be divided into 
three groups in relation to their time. 

Panvjstolic Murmurs. This group includes those 
murmurs involving two chambers which have 
widely different systolic pressures, such as the left 
ventricle and either the left atrium or the right 
ventricle. The pressure gradient is established very 
early in contraction and lasts until relaxation is 
almost complete. Thus such murmurs begin during 
isometric contraction and at the area of maximal 
intensity tend to mask both heart sounds because 
they begin with the Erst and cease after the second. 
The pansystolic murmurs due to ventriculoatrial 
regurgitation may be dependent either on deform- 
ity of the cusps ("organic”) or on dilatation of the 
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rings ("relative”). The latter murmurs are associ- 
ated with well-marked cardiac enlargement and be- 
come fainter with improvement of heart failure. 
The organic regurgitant murmurs may occur in 
hearts of any size and, when accompanied by con- 
gestive failure, are likely to become louder as im- 
provement occurs. 

Pansystolic murmurs are not found in patients 
with interatrial defects unless there is atrioventricu- 
lar regurgitation due to associated deformities of 
the mitral or tricuspid valves. In the case of those 
intcrs'enlricular shunts which are accompanied by 
a large pressure gradient between the two ventri- 
cles, tliese murmurs da occur. Large openings in 
the interventricular septum usually lead to early 
pulmonaiy hypertension, which raises the right 
ventricular s)'StoI)C pressure and thus tends to re- 
duce the shunt. Furthermore, the turbulence is re- 
lated to the velocity of flow which, if pressures are 
constant, is inversely proportional to the square of 
the size of the orifice- A high pressure gradient is 
likely to be associated with a high-pitched murmur. 
These considerations explain why the small and 
relatively innocent defects of the muscular part of 
the septum are likely to be associated with louder 
murmurs of higher pitch than the larger and more 
serious shunts which are situated higher and in- 
volve the membranous portion. In the latter cir- 
cumstances the faint pansystolic murmur may be 
overshadowed by the louder ejection blow caused 
by the relative stenosis consequent to increased 
flow through the dilated pulmonary artery. 

Cjeclion Murmurs. These are related to a dis- 
proportion between the flow and the size of the 
orifice. Even though tire semilunar valves are nor- 
mal, a large flow or dilated vessel may be respon- 
sible. Narrowing of the outflow tract or of the 
valves may cause such a murmur, the intensity be- 
ing related to the flow. Thus the murmur of aortic 
stenosis becomes faint and may disappear during 
heart failure and return with great intensity follow- 
ing digitalization. 

The ejection murmurs start shortly after the first 
sound and do not actually replace it, although this 
may seem to be the case by auscultation. As the 
ventricular pressure rises and declines during ejec- 
tion, the murmur becomes louder and then famter. 
This “diamond shape” is readJy seen in phonocar- 
diogratns but may not be apparent to the ear. The 
second heart sound may be exaggerated or normal 
and is not obscured by the murmur, which ceases 
before semilunary closure occurs. However, when 
stenosis of one of the valves is responsible, the cor- 
responding second sound may be faint or absent 
bemuse the cusps are no longer pliable. 

The age of Uie patient and the area of maximal 
intensity are of great importance in determining 
the significance of ejection murmurs. Thus in a 
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young adult «ilh vigorous contraction anti a high 
ejection velocity, a faint or moderate ejection Wow 
heard only in the pulmonary area is iisMally with- 
out signiiicance, while a similar murmur in the 
aortic area is likely to indicate stenosis of the valve 
or some congenital abnormality. In elderly penons, 
functional pulmonic blosvs are rare, while aortic 
sj stolic murmurs may he due to dilatation or rou^i- 
ening of the aorta, to left \ cntricular hypertrophy 
with vigorous contraction and functiomal stenosis 
of the left vcntriciil.ar outflO'v tract, to an important 
degree of aortic stenosis, or to slight narrowing of 
tile valve. The latter condition, when associated 
w'ith a high level of cardiac output, may produce 
a loud murmur even though the stenosis is of no 
hemodynamic importance, os shown by the lack of 
a significant pressure gradient between the left ven- 
tricle and the aorta. 

The most common ejection murmur is that heard 
at die pulmonary area in hcaldiy young persons 
v\'ith small and vigorous hearts. It is probably due 
to the combination of a high velocity of flow and 
a tliin chest wall. When it is faint (grade I or II), 
blowing, and unassociatcd with evidence of disease, 
the diagnosis of an innocent functional murmur 
will he apparent. Less fre<|ucntly, the tpialily 1$ 
rough and the intensity may be grade ill or IV. 
Such patients, who are called "paranormals," arc 
frequently anxious and may have multiple cardio- 
vascular complaints. Under llicse CTccptional cir- 
cumstances, cardiac catheterization may he neces- 
sary in order to separate such an ex.aggeratcd func- 
tional murmur from one due to a slight congenital 
deformity. However, careful attention to the second 
heart sound may jicld an important clue (p I-IOS). 
Audible expiratory splitting indicates tliat the dura- 
tion of right ventricular ejection remains long and 
its stroke volume large, despite the diminished sys- 
temic venous return during expiration This sug- 
gests that a large fraction of the blood entering 
the Tiglil ventricle is coming from intrathoracic 
structures. Pronounced and audible expiralor)' split- 
ting of the second sound in a person with an ejec- 
tion murmur, therefore, points toward a vlcfcct of 
the interatrial septum or anomalous drain.'igc of one 
or more pulmonary veins into the right atrium. In- 
spiratory splitb'ng, a normal phenonKnon, has no 
diagnostic significance. 

Late Sii$lolic Murmurs. Many patients with coro- 
nary disease present faint or moderate (rarely loud) 
blowing apical systolic murmurs which seem to 
start well after ejection and do not mask either 
sound. The exact mechanism responsible for them 
has not been clarified. Since they may be much 
louder or heard only during anginal attacks, it is 
prob.ible that they are related to ischemia of the 
papillary muscles or, possibly, to distortion of diese 
structures by the ischemic bulges (functional anen- 
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lysms), which so commonly occur following infarc- 
tion or during anginal episodes (p. 33). 

The laic syslnlic murmurs which occasionally oc- 
air in young subjects are usu.nlly musical or "wills- 
lling.** Their mechanism is not known. In most in- 
stances, there is no evidence of cardiac disease and 
the murmurs ore without significance. Barely, such 
a musical or squeaking late systolic murmur is seen 
m a young person with undoubted rheumatic heart 
disease. In such an instance, the diffcrcntialion 
from the simihir innocent murmur will depend on 
the associated findings. 

Diastolic hfurmurs. Ihesc also include three mam 
types. 

Hcgur^ilant Murmurs, Tlic rcgurgltar\l diastolic 
murmurs begin with or shortly after llie second 
heart sound, or as soon as the corresponding ven- 
triail.'ir pressure falls sufiiciently below Uiat in the 
aorta or pulmonary artery. Since they arc mainly 
due to csldics of blood rather than to viliralions of 
valve cusps, they have a high-pitched sv^ishing 
quality rcsemhling breath sounds They are b«l 
heard during held forced expiration, with the pa- 
tient leaning forward or on his h.vnds and knees 
The high-frequency vibrations are best detected hy 
a diaphragm slctlioscope or hy firm pressure, If a 
bell is used. 

Bcgurgilation through the aortic valve is usu- 
ally due to deformity of the nisps rather thin to 
dilatation of the rinniilus. The reverse is true of 
pulmonic insuDiciency. Tlie diffcrcntialion of these 
conditions is discussed in a later chapter (p. 
M42). 

rifling Murmurs. Piastcitc murmurs during early 
fitting ore, like ejection blows, due to disproportion 
between orifice size and flow- rate. Thus mitral and 
tneuspid stenosis are associated with rumbles which 
start soon hut at an appreciable interval after the 
second sound With normal or high flow, such mur- 
murs m.iy be luud when stenosis is slight. Con- 
versely, a high degree of ohstniction may cause a 
very faint or even no nimble if cardiac output is 
sufficiently reduced. When stenosis Is m.irkcd, ven- 
tiicwlar fiHiug is inevitably prolonged. T/ms (ha 
(/iiraffon vf the murmur is more rcllahle than the 
intensity as an index of the degree of narroxclng. 

Despite normal mitral cusps, patients with .lortic 
insulficicncy' may have a duistolic mitral nimble 
(the Austm-riint murmur). Tliis is probably due 
to vibration of Uie aortic cusp of die mitral valve 
between the normal and abnorm.iI streams of blood 
Into the ventricle. 

A faint diastolic murmur heard in a patient with 
acute rheumatic fever may sometimes disappear. In 
such an instance (Coombs’s murmur) edema of the 
mitral cusps is probably rc.sponsil>Ie. 

Very high rales of flow may cause loud but brief 
filling riimbics, despite nonn.il aisps, at either atn- 
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oventricular orifice. In the case of the tricuspid 
valve, the usual cause is a large interatrial delect. 
Such “relative stenosis” of the mitral vah’e is seen 
in patients with patent ductus and is particularly 
confusing uhen mitral insufiicicncy with minimal 
or no stenosis is the cause. Aside from the duration 
of the rumble, the intensity of lire first sound, the 
presence or absence of a well-marVed opening snap, 
and the t)pe of h)pertrophy are important guides 
to the predominant lesion (p. 1439). 

Presystolic MiirmuTs. The prcsystoUc or atrial 
systolic murmur is usually due to mitral (rarely 
tricuspid) stenosis. It lias the same quality as the 
filling rumble but is usually crescendo rather than 
decrescendo. Because of its short duration it may 
be confused with an atrial gallop or a split first 
sound. Its accentuation and prolongation, due to 
fusion with the filling rumble, by exercise will usu- 
ally make the distinction. 

When these filling rumbles, whether early or 
prcsystoUc, arise at the mitral orifice, they arc best 
heard with a bell stethoscope at the exact point of 
the apex, while the patient lies on the left side and 
during expiration. Occasionally, they are audible 
only after exercise. The tricuspid rumbles, which 
are much less common, are heard In the left para- 
sternal region and are sometimes louder during in- 
spiration. 

Continuous Murmurs. These signify continuous 
flow due to a communication between a high-pres- 
sure and a low-pressure area, without an inters'cn- 
ing valve, llie commonest cause is patent ductus 
arteriosus, which causes a continuous murmur os 
long as the pressure in the pulmonary artery is 
JwwnV behn’ ikat ia ihe asv*?. ^VJmw pv.’.lwn-w.?'’ .b^'- 
pertension due to left-sided failure or to arteriolar 
changes in the lungs supervenes, the duration of 
the murmur lessens and it may eventually disappear 
or persist only during systole. 

Less common causes of continuous murmurs in- 
clude systemic or pulmonary arteriovenous fistula, 
the development of marked bronchial collateral cir- 
culation in patients with pulmonaiy stenosis, rup- 
ture of an aortic aneurysm into the pulmonary ar- 
tery, and a congenital window between the roots 
of the aorta and pulmonary artery. Coarctation of 
the aorta and stenosis of a main pulmonary artery 
usually cause systolic mtirmurs only, but when 
because of poor collaterals proximal to the obstruc- 
tion the pressure gradient remains large throughout 
diastole, this murmur may be continuous. 

Rupture of a sinus of Valsalva into the right 
atrium or ventricle is a rare but surgically curable 
cause of a continuous murmur which, under this 
circumstance, may be loudest in the lower sternal 
region. 

The cervical venous hum or bruit dc diabje is a 
faint continuous musical murmur at the base of the 
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neck. Gentle pressure by the stethoscope causes it 
to disappear. It has no significance. 

Significance of Murmurs. All diastolic mijnnurs 
and, with the exception of the cer\’ical venouj hum, 
all continuous murmurs indicate structural disease. 
The systolic bruit, when very loud or associated 
with a thrill, has the same significance. The prob- 
lem of interpretation arises with the moderately 
loud systolic blow, which usually is due to an or- 
ganic lesion and, especially, with the faint (grade 
1 or II) systolic murmur. Here, the decision will 
depend on consideration of all the ei’idenog and 
will sometimes be in doubt, even after Cardiac 
catheterization. Small lefl-to-right shunts may be 
overlooked unless the newer methods, such as the 
hydrogen electrode, are utilized. In borderline in- 
stances, a faint systolic murmur, loudest at base, 
should be considered innocent until proved other- 
wise. A similar munnvir heard only at the apex is 
more likely to be of structural origin. Even so, if 
thgro are no other signs of organic heart disease, 
the only therapeutic considerations are those of 
prophylaxis against rheumatic fever and bacterial 
endocarditis (pp. 918 and 1043), 

Thrills. In the region of the apex, thrills are of 
limited diagnostic import because they may be 
confused with vibrations set up by a vigorously 
beating heart. On the other hand, the presence of 
a thrill at the base of the heart or along the left 
sternal border constitutes practically conclusive evi- 
dence that the accompanying murmur is of the or- 
ganic type. It is true that thrills are simply the 
tactile equivalent of the auditory basis of the mur- 
mur and hence have no greater significance than 
Akv? jTOivzmi’' AtjaO/. Jj happA'ts, Jh2>»WK£r, i}>c 
kind of murmur which gives rise to vibration? that 
can be felt as a thnil is almost invariably nf or- 
ganic origin. Such thrills are of especial importance 
in the diagnosis of aortic stenosis. 

The pericardial friction rub may occasionally be 
confused with a harsh systobc murmur or with an 
insignificant adventitious sound (“sternal crunch”). 
Such uncertainty, which arises when the rub i‘ only 
systolic, wU be solved by consideration of the total 
clinical picture. The characteristic to-ari<l.fro 
squeaking sound signifies pericarditis and is nearly 
always accompanied by other findings of thi? Jj?. 
order (p. 1467). 

ELECTROCARDIOGRAPHY IN THE 
DIAGNOSIS OF CARDIAC DISEASE 

In patients ivith arrhythmias, the electrocardio- 
gram usually supplies precise mformation. Under 
other circumstances, the records are likely to lead 
to erroneous conclusions unless evaluated in rela- 
tion to the total picture. \'ariations in the place- 
ment of precordial electrodes during successive 
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tracings may lead to an erroneous conclusion that 
an acute myocardial disorder is present because of 
"changes” in the record. Similarly, a chest defoim- 
ity or an unusually low diaphragm, with a vertical 
position of the heart, may bo associated with an 
“abnormal” record when the precordial electrode is 
placed in the usual positions. Such errors may be 
avoided by securing each V lead from multiple 
interspaces. Ceitam innocent electrocardiographic 
findings which ore Iilely to be misinterpreted are 
illustrated on p. 1446. 

Abnormalities in the form of the ventricular com- 
plex are often erroneously evaluated. There is 
strong evidence that the Q-R-S-T sequence is 
mainly dependent on the subepicardial portions of 
the ventricle and that the subendocardial fibers arc 
electrically silent. Therefore, subepicardial fibrosis 
due to such innocent causes as healed focal peri- 
carditis or remote contusions of the heart may cause 
Impressive changes in the electrocardiogram, while 
an extensive recent subendocardial infarction may 
show no significant cliange. T waves are especially 
labile and may be altered by electrolyte shifts, emo- 
tion. tachycartha. pressure on the ventricle, inges- 
tion of iced drinhs, or even by a carbohydrate-rich 
meal. The QRS complex is less unstable, and the 
presence of Q wa^■es of 0.04 sec or longer duration 
has greater or lesser significance as a sign of focal 
myocardial disease, depending on the leads in 
which the Q wa\es occur. However, there is no 
necessary parallelism between such a change and 
the gravity of the clinical picture, or even the na- 
ture of the underlying disease process. It so hap- 
pens that coronary disease is the commonest cause 
of focal m)'ocardial disease, but identical changes 
may be Induced by other localized disorders such 
as abscess or tumor. Thus, except in patients with 
arrhythmias, therapy should be based on the clini- 
cal picture. Diagnosis is based on evaluation of all 
the evidence, uilh emphasis in most instances on 
that derived from the clinical study. 

OTHER DUCNOSTIC PROCEDURES 

The impDitance of the fluoroscopic cxamuiation 
has already been mentioned. Certain methods, such 
as cardiac catheterization, angiocardiography, and 
o-ximetry, which are widely used in the study of 
congenital lesions, arc considered In Chap. 252, 
which deals with those disorders. 

In the hands of those uho are c.xpericnced with 
them, the ballistocardiographic, elcctrolq'mo- 
graphic, and kinclocardiographie techniques yield 
certain information of practical value. Their main 
present value, howoer, is in the field of rcscard. 

For a more detailed consideration of physical 
signs in relation to specific congenital and acquired 
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lesions, tlie reader is referred to the two succeeding 

chapters. 
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OKq CONGENITAL 

heart disease 

William R. Mihor atul 

Henry T. Bahnson 

The demonstration that many congenital mal- 
formations of the heart can be treated successfully 
by surgery has radically chanced the physician’s ap- 
proach to congenital heart disease. Not long ago 
the nonspecific clinical diagnosis of congenital heart 
disease was regarded as all that was possible or 
necessary in many cases. Tod-ny, the accurate rec- 
ognition of specific lesions and a quantitative esH- 
male of the burden th^ impose on the heart in each 
case is of great practical importance. 

Incidence. Congenital heart disease occurs in ap- 
proximately 0.3 per cent of all live births, and con- 
genital m.nlformations constitute 1 to 5 per cent of 
all cases of recognized heart disease after infancy. 

Etiology. Many abnormalities of tlie heart and 
great vessels can be explained by failure to progress 
beyond an early stage of cmbryologic development, 
while others seem to represent aberrant develop- 
ment of 0 normal structure. The cause of these 
embryulogie misadventures is unicnown in most 
cases, but various theories involv ing fct-al hypoxia, 
fetal endocarditis, immunologic abnormalities, vita- 
min deficiencies, and specific genetic abnormalities 
have been proposed. 

In some cases a clear relation between maternal 
rubella during gestation and congenital malforma- 
tions of the heart has been demonstrated. It ap- 
pears that maternal rubella during the first 2 months 
o( pregnancy will lead to congenital malformations 
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of the heart, cataracts, deaf-mutism, or other anom- 
alies in almost all cases. The later in gestation the 
rubella occurs, the lower the incidence of congenital 
abnormalities, but cases of congenital heart disease 
have occurred following rubella in the sbtdi month 
of pregnancy. In clinical practice, however, rela- 
tively few cases of congenital heart disease — ^prob- 
ably less than 2 pet cent — can be attributed to this 
cause, and in most instances no significant environ- 
mental factor during fetal de\'elopmenl can be 
elicited by history. 

Inheritance. With few exceptions, patients with 
congenital heart disease have a negative familial 
history for congenital malformations. There are, 
nevertheless, well-documented exceptions, includ- 
ing families in which the same malformation has 
recurred in tw'o or three successive generations, 
patent ductus arteriosus is the commonest lesion 
thus reported, but this may simply reflect the rela- 
tively benign course of this anomaly. 

The birth of one child with a congenital mal- 
formation of the heart does not in itself contrain- 
dicate future pregnancies, since the risk that 
subsequent slblmgs will have congenital malforma- 
tions is extremely small. 

There is good evidence that factors concerned 
Nvith some congenital malformations can be trans- 
mitted as mendelian recessive traits, while others 
may arise as a result of mutation dc nooo. In at 
least one heritable disorder of conne^ive tissue 
(Marfan’s syndrome, p. 1884) cardiovascular mani- 
festations are a prominent feature. 

The incidence of some congenital malfonnalions 
of the heart shows clear sex differences, which may 
be attnboteA \d ea^ber sex-VmVefi inberitanee or 
en\ironmcnta] factors in utero. Defects of the atrial 
septum and persistent patency of the ductus arterio- 
sus are much more common in females than in 
males; pulmonic stenosis and ventricular septal 
defect sbmv hide oi no sex difference; coarctation 
of the aorta and congenital aortic stenosis affect 
males predominantly. 


PHYSIOLOGIC EFFECTS 
Shunts 

A cardiovascular shunt may be broadly defined 
as blood flow through an abnormal pathway. It 
requires an open communication (or one potenHally 
open, such as a patent foramen ovale) between the 
pulmonic and systemic circulations. The direction 
and degree of blood flow are determined hy die 
dimensions of the operung and the pressures exist- 
ing on either side of it. Such communications usu- 
ally represent persistence of an embryonic stage of 
development into postnatal hfe. 
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In some cases changing pressure gradients during 
the heart cycle will produce shunts that vary in 
duret^on. In other instances the existence of roughly 
equivalent pressures on opposite sides of a defect 
may prevent shunting of blood, even if the defect 
is large. Streamlining of flow is an important factor 
in some instances and may produce shunting in the 
absence of measurable pressure gradients. 

Left-to-Riglit Shunts. In this situation, a portion 
of the blood which flows through the lungs is 
diverted before reaching the systemic capillaries 
and is recirculated through the pulmonary bed. The 
volume of blood pumped through the pulmonary 
capillaries therefore exceeds the systemic flow per 
minute, unless complicating shunts in the opposite 
direction are also present. Pulmonic blood £io%vs of 
12 to 15 liters per min, with systemic flows of 4 to 
5 liters per min, are common, and the ratio of 
pulmonic/systemic flow may reach 20 or more. In 
the latter situation, however, the difference in oxy- 
gen saturation between arterial and venous blood 
is so small that accurate calculation of pulmonary 
flow by the usual methods of cardiac catheterization 
is impossible. 

With left-to-rlght shunts at the atrial or ventricu- 
lar level, the right ventricle is required to pump an 
increased volume of blood per minute, at pressures 
which may or may not be higher than normal. This 
results in right ventricular dilatation and hyper- 
trophy, the degree of hypertrophy being roughly 
proportional to the degree and duration of pulmo- 
nary hypertension. When the shunt is at the level of 
the pulmonary artery, as in patent ductus arteriosus 
uncomplicated by pulmonary hypertension, only the 
ventricle bypEitropbies; wbtfn pblmonaiy byper- 
tension appears, right ventricular hypertrophy is 
superimposed. 

Left ventricular work is increased if the site of 
the shunt is in the ventricular septum or distal to 
the Ml ventricle. Left ventricular hypertrophy and 
dilatation result but may be overshadowed by 
simultaneous right ventricular hypertrophy. 

Arterial unsaturation does not occur with pure 
left-lo-right shunts, but clinical cyanosis may occa- 
sionally be present as a result of decreased systemic 
flow or inadequate o.'^'genation in the lung The 
latter is rare. 

Auscultatory findings with left-to-right shunts de- 
pend on the specific malformations. When the shunt 
is distal to the mitral valve, an apical mid- or late 
diastolic murmur is often present, presumably be- 
muse the greatly increased blood flo^v across a 
normal mitral orifice is equivalent to relative mitral 
stenosis. A similar diastolic murmur is sometimes 
present in cases of atrial septal defect, and ruay be 
due to relabve tricuspid stenosis. 

Right-to-Left Shunts. In this condition systemic 
venous blood returning to the heart enters the left 
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heart chambers or systemic arterial circuit without 
passing through the pulmonar)' capillary' bed. 

Tile major signs and symptoms accompanying 
right-tO'Ieft shunts result not only from die diver- 
sion of blood through abnormal pathways but also 
from the ohstniclion to blood flow through normal 
pathways (c.g , pulmonic stenosis) ivhich is often 
present. The functional effect of these abnonnalitics 
is to reduce the partial pressure of oxygen in arte- 
rial blood and to burden one or both ventricles witli 
extra work. Some of the resulting signs and symp- 
toms are common to many difFercnl malformations 
and will be discussed Individually. 

Cyanosis. Cyanosis, or the appearance of clin- 
ically recognizable blueness in the systemic capil- 
laries, is usually a direct result of lowered arterial 
oxygen saturation. Slowed peripheral blood flow 
and inadequate saturation in the lungs can also 
cause cyanosis, but these factors are of secondary 
importance in cyanotic congenital heart disease 
The oxygen saturation of iho blood leaving the 
lungs is usually normal, but the admixture of ve- 
nous blood distal to die site of the rig>it-to-lcft shunt 
reduces the arterial saturation. Tlic degree of 
arterial unsaluration varies directly with the vol- 
ume of the venous-arterial shunt, and Inversely 
with the volume of pulmonary blood flow. 

Cyanosis Is best observed in the nail beds, buc- 
cal mucous membranes, and lips. It becomes evi- 
dent clinically only when the equivalent of ap- 
proximately 5 Cm per 100 ml unsatumted hemo- 
globin is present in arterial blood; hence patients 
with anemia may not show cb'nical cyanosis even 
though the oxygen saturation of arterial blood is 
well below normal, while polycythemia accentu- 
ates cyanosis with even minimal degrees of arterial 
unsaturation. 

In congenital heart disease, cyanosis usually Im- 
plies the existence of an abnormal communication 
bebveen the venous and arterial sides of the circu- 
lation, which may be n patent foramen ov'alc, defect 
of die interatrial or interventricular septum, trans- 
posed great vessels, patent ductus arteriosus or 
other communication between the aorta end pul- 
monary artery, or {rarely) direct entry of ^’slemic 
veins into the left atrium In addition to the abnor- 
mal communication, hemodynamic conditions must 
be such tliat blood flows through the opening from 
“right to left," producing a venous-arterial shunt; 
tins usually requires elevation of right atrial, right 
ventricular, or pulmonary artery pressure above nor- 
mal levels. An extreme example of a stnictuml 
anomaly which produces a right-lo-left shunt is 
seen in complete transposition of the great vessels, 
in which the right ventricular outflow enters the 
aorta instead of the pulmonary artery. In occasional 
eases, clinical cyanosis may be due to diminished 
^peripheral flow or other factor*:. in the normal 
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vigorously crying child. It Is almost never doe to 
inadequate pulmonary oxygenation. 

rohjajthcmla. Polycylhemia with red cell counts 
of G to 0 million per cw mm, and hematocrits as high 
as 80, develops in response to the lowered arterial 
oxygen tension. The oxygen-carrying capacity of 
the blood is thereby increased, partially compensat- 
ing for the decreased oxygen saturation. In nviny 
cases the increase of circulating licmoglohtn Is such 
that the oxygen content of the arterial blood is 
octually higher than normal. 

Tlic polycythemia is absolute rather than relative, 
he., the total red cell mass is Incrc.vscd. Tlie plasma 
volume is usually decreased, but the red eel! vol- 
ume increase Is of such magnitude that total blood 
vohune is greater than normal. 

Tlris adnptativc response Is not entirely benefi- 
cial, since the blood viscosity increases as the 
hematocrit rises. The resulting increase in heart 
work is undesirable, but of even greater signifi- 
cance is the tendency to vascular thromboses 
Hemiplegia and other cerebrovascular accidents oc- 
cur frequently in polycythemic congcnit.il heart dis- 
ease. Dehydration Is particularly to be avoided in 
these patients, since further reduction of plasma 
volume increases the prodisposition to tluoraboses. 
In some patients w iih cyenolic congenital heart db- 
ease, polycythemia Is accompanied by thrombocy- 
topenia and low blood fibrinogen IcvxjIs, le.nding to 
Impaired clot retraction Severe postoperative bleed- 
ing following the surgical repair of congenital car- 
diac defects can sometimes be attributed to thU 
deficiency'. 

Cluhhxnn. Clubbing of the fingers, and less often 
of the toes, is usually found in patients who have 
had cyanosis and polycythemia over a period of 
yean The pathogenesb of such clubbing u unex- 
plained, but it may represent excessive growth of 
local tissue due to increased blood flow. Clinically 
identical clubbing may occur with pulmonary ab- 
scess or other diseases of the lung. 

Imjjoircfl Crotrfh. Impaired growth and develop- 
ment in children has been attributed to tissue hy- 
poxemia In venous-arterial shunts, but it is open to 
question whether such a causal relationship exists 
Some children with congenital heart disease arc 
unquestionably stunted in growth and development, 
while oUicrs develop normally. Underdevelopment 
may be associated with malnutrition from inade- 
quate feeding, or with tlic frequent respiratory and 
otlier infections to which tlicse children are prone, 
or it may represent a concomitant congenital defect. 

Squalling. Many patients with tetralogy of Fallot, 
and soma witli other lesions which obstruct blood 
flow to the lungs, find that squatting with the 
knees drawn up to the chest is the most com- 
fortable resting position. They are uncomfortable, 
and often show mcrc.-ising cyanosis, if m.ido to stand 
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quietly, or if they are tilted passively on the Buoro- 
scope table. Their avoidance of postures in whidi 
the legs are dependent suggests that decreased \’e- 
nous return is the important factor in these phe- 
nomena, but the mechanism is not well understood. 
Squatting is also observed In many normal children, 
and is a habitual resting position of adults in many 
parts of the world. The posture is clinically signifi- 
cant only if it can be shown to give symptomatic 
relief after exertion. 

Paradoxic EmhoUam. This condition, in which 
emboli arising in the systemic veins travel through 
a defect and lodge in a peripheral artery, is always 
possible with righl-to-Ieft shunts. This is probably 
responsible in part for the increased incidence of 
brain abscess in these patients. 

Pulmonary Jlijpertension 

In the normal adult the pulmonary circulation Is 
a relatively low-pressure system. Mean pulmonary 
artery pressures of IS mm Hg. or about 10 mm Hg 
higher than mean left atrial pressure, are sufficient to 
maintain adequate blood fiow through the lungs at 
rest. When the cardiac output is increased by exer- 
tion, the norma] pulmonary vascular bed is so disten- 
sible that pulmonary blood flow can be doubled with 
very little increase in pulmonary artery pressure. 

Two different mechanisms commonly give rise to 
pulmonary hypertension in congenital heart disease: 
greatly increased pulmonary blood flow and in- 
creased pulmonary arteriolar resistance. Increased 
resistance to pulmonary venous outflow, as in mitral 
stenosis or left ventricular failure, is a third cause 
of pulmonary hypertension, but is more common in 
acquired heart disease. 

The increased pulmonary blood flow accompany- 
ing large left-to-right shunts is often four to five 
limes normal flow, which requires increased 
pulmonary artery pressure even when the pulmo- 
nary vascular bed is normal. In these circumstances 
pulmonary v’ascular resistance, which is defined as 
the pressure drop across the pulmonary bed (mm 
Hg) per unit of pulmonary blood flow (liters/ 
min/m-), remains normal or even decreases if the 
vessels are readily distensible. Pulmonary hyper- 
tension of this type is usually moderate in degree, 
with mean pulmonary artery pressures less than 40 
mm Hg. 

Increased pulmonary vascular resistance due to 
narrowing or partial obliteration of pulmonary ar- 
terioles, on the other hand, makes necessary an 
increased perfusion pressure to maintain even 
normal flow, so that pulmonary artery pressure 
rises without a proportionate increase in flow. In 
some cases this increased arteriolar resistance is 
predominantly due to irreversible structural changes, 
while in others vasoconstriction plays the dominant 
role. Pulmonary vascular resistance in this latter 
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group can be temporarily louvered by inhalation of 
100 per cent oxygen or by injection of acetylcholine 
and usually falls after successful correction of the 
accompanying cardiovascular defect. 

Pulmonary vascular resistance is normally high 
at birth, and the small pulmonary arteries possess 
thick walls and relatively narrow lumina charac- 
teristic of the fetal circulation. After birth the 
arterial walls gradually become less thick and 
pulmonary vascular resistance falls. In patients with 
large communications between the ventricles or 
between pulmonary artery and aorta, the fetal 
structure of the pulmonary arteries persists into 
adult life; pulmonary hj'pertension is found in in- 
fancy and cyanosis appears early. Smaller com- 
munications between ^e ventricles, atria, or great 
vessels are usually accompanied by normal regres- 
sion of pulmonary vascular resistance during in- 
fancy. The pulmonary arteries assume the normal 
thin-walled postnatal structure and remain normal 
throughout childhood or longer. In many of these 
cases the pulmonary vascular resistance eventually 
begins to rise, although the onset vanes from ado- 
lescence to the fifth decade. 

It seems clear that the absolute magnitude of 
pulmonary blood flow is not the only factor which 
Influences the development of pulmonary hyperten- 
sion. Abnonnally high pulmonary artery pressures 
are found more often with ventricular than with 
atrial septal defects, and only occasionally with 
patent ductus arteriosus, although puhnonaiy blood 
flow is often three or more times the systemic flow 
in all these abnormalities. 

The significance of pulmonary hypertension m 
each case, therefore, depends on its duration, the 
site and size of the cardiovascular defect, the ana- 
tomic changes in the pulmonary vessels, and the 
part played by active vasoconstriction. The desir- 
ability of correcting defects before irreversible 
pulmonary vascular changes have taken place 
whenever possible and the increased operative risk 
in patients wth extremely high pulmonary vascular 
resistance are factors that play a large part in de- 
ciding on surgical therapy. 

The most important chnical effects of pulmonary 
hypertension are: (1) Right oentricufflr hyper- 
trophy, with characteristic left parasternal thrust 
and changes in the electrocardiogram and roentgen- 
ogram. If the strain on the right ventricle is too 
severe or too prolonged it may fail, wth the same 
increased venous pressure, distention of the liver, 
and peripheral edema seen in right ventricular fail- 
ure from other lesions. (2) Enlargement of the 
pulmonary artery and its main brancdies, which can 
be recognized by fluoroscopy or roentgenography. 
Precotdial pain (p. 34), coming on either spon- 
taneously or with effort, is frequently a troublesome 
symptom in patients with a dilated pulmonary 
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artcr)’ and pulmonary h)’pcTtonsion. (3) Cyanosis, 
if the riglit-sided pressures rise enough to produce 
a right-to-Icft shunt through the existing defect. 

The principal auscultatory' signs of pulmonary 
hypertension arc accentuation of the pulmonic 
component of the second sound, often with split- 
ting, and a systolic murmur in the pulmonic area 
attributable to turbulence as blood is ejected Into 
the dilated pulmonary artery. Such murmurs may 
be as loud as grade 4, but are not usually accom- 
panied by n thrill. When the pulmonary artery Is 
greatly dilated, there is sometimes an extra sound 
early in systole (“systolic click"). 

Primary pulmonary hypertension Is characterized 
by increased pulmonary \ascular resistance In the 
ahsence of ca^iovascular shunts or other abnormali- 
ties that arc Icnowm to produce pulmonary hyper- 
tension. A similar disease in adults (p. I53S). seen 
most often in women between twenty ami Uiirty- 
five years, appears not to Ik* congenital In origin, 
but is usually fatal within a few years after the 
onset of symptoms. Tlie condition is rare, and many 
suspected adult cases prove to be due to multiple 
small pulmonary emboli or to {ntrac.irdiac sinmts 
which had not been detected clinically. 


SPECIAL DIAGNOSTIC METHODS 

roentgenography. Tlic importance of roentgeno- 
graphic examination in congenital heart disease enn 
hardly be overstated, Fluoroscopic examination 
should be carried out in every patient suspected of 
having a cardhic malfonnation, and full-size chest 
films m the posteroantcrior and obliriuc positions. 
With barium in the esophagus, should be recorded. 
The size and position of the great vessels and heart 
chambers, the vascularity of the lung Reids, and the 
pulsations observed during fluoroscopy arc often 
the deciding clues in differential diagnosis. Char- 
acteristic configurations in some congenital anoma- 
lies of the heart are shown In Fig. 252-1, 

Angiocardiography. The introduction of radio- 
paque solutions into the blood stream to demon- 
strate the course of the blood and to outline iho 
chambers of the heart Is often of great help In 
diagnosis. Angiocardiography is most helpful witli 
complex malformations in which data from calheter- 
ization are inadequate or equivocal, particularly 
when there is some uncertainty as to bow blood 
reaches the lungs or which ventricle communicates 
with the systemic circulation. 

The solution may be introduced through a periph- 
eral vein, but injection directly into the heart 
through a catheter (selective angiocaidiogrophy) 
allows the use of smaller volumes and gives a more 
satisfactory visualization of intracardiac Structures. 
.Motion pictures of the fluoroscopic image (a‘ne- 
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angiocartliograpliy) give an essentially continuous 
record of the pass.ngc of the contrast malium and 
m.iy show dcLiils not readily apprcci-itcd in single 
films. 

The mortality .associated with these procedures is 
in the neighborhood of 0.3 per cent. As with cardiac 
catheterization, the Iiazard Is greatest In (he pres- 
ent* of pulmon.irv hypertension or cyanosis. 

electrocardiography. In congenita! heart disease 
llic pnncipal contribution of electrocardiography is 
the determination of specific ventricular hyper- 
trophy. and (t is often more sensitive for this pur- 
pose (Inn roentgenography. Right ventricular hy- 
pertrophy and enlargement are common with irnny 
types of congenita! m.xlformation. In the most ri- 
(remc examples of right vcnlriciil.vr hypertrophy the 
QRS axis may come to point ov cr the right shoulder, 
giving prominait S waves in standard lead lii 
which may erroneously be Intcrprcletl as left axis 
deviation. The amplitude of Uic QRS complexes is 
as Important ns the QRS axis In evaluating ven- 
triailar hyqicrirophy. QRS changes are always more 
specific fh.in T-wave abnormalities in indicalrng 
vvliicli ventricle is involveil. 

rrolong.nlion of tlie QRS duration beyond 0 12 
sec Is uncommon In congenita! heart disease. An 
rsR' complex In precordial Je.id V, and adjacent 
leads occur frequently with right ventricular hyper- 
trophy, but the duration usu-illy ranges from 0.00 
to 0.11 see. This pattern has termed “incom- 
plete right bundle branch block" when the QRS 
duration is 0.10 to 0 12 sec, but the clinical signifi- 
cance in this situation is the same as with shorter 
QRS durations. Tlie Wolff-Patkinson-W'hite con- 
duction anomaly is not common In congenital heart 
disease, except in Ebstein's anomaly. 

Prolonged P-R intervals are particularly frequent 
with atrm! septal defect and arc found occasionally 
in other malformations. Complete atriovcnlriCTiIaf 
block is rare. Although it is said to be common in 
ventricular septal defects. Its incidence in this 
anomaly has probably been overestimated. Con- 
genital complete Iicart block is a rare functional 
abnormality which may occur in the absence of 
Ollier defects and is usually of no functional conse- 
quence. 

Supraventricular arrhythmias, including atrial 
fibrillation .mrl flutter, atrial and nodal tachycardia, 
and wandering of the pacemaker, occur with many 
malformations, particularly wj'tli atrial septal defect 
and with Ebstein's anomaly. Ventricuhar anhylh- 
mias are no more frequent than in acquired heart 
disease. 

Cardiac Callicicrization. Information obtained 
1^' catheterization of tlie right side of the heart has 
betm essential to the development of knowledge in 
the field of congenit.il heart disease. In many cases 
it gives an accurate indication of the lesions present 




Fic. 252-1. A. Pure pulmonic stenosis, >vith prominent poststenotic dilatation of the pulmonary artery, in a 42- 
year-oltl woman. Pulmonary vascular markings in the peripheral lung fields are less prominent than normal, 

B. Tetralogy of Fallot in a girl 17 years of age. Greatly increased transverse diameter, svith apex of the 
heart "tipped up,’’ and relatively avascular lung ^Ids. (The three small radiopaque shadows at the upper mar- 
gin of the Elm are artefacts ) In many cases the heart size is normal. 

C. Anomalous drainage of all pulmonary veins into the left brachiocephalic (innominate) vein, with typical “fig- 
ure-8’’ contour, in a 4-year-old boy. 

D. Complete transposibon of the great vessels in a 12-year-old boy. Note absence of normal pulmonary 
conus, with nanowing of upper mediastinal shadow in this view, prominent pulmonary vascular markings, and 
ventricular enlargement. 


and a quantitative estimate of their functional sig- 
nihcance. 

In general, three questions can be answered by 
cardiac catheterization: 

1. Are the pressures and pressure gradients in 
the heart and vessels normal? The most important 


deviations from normal pressure relationships to be 
recognized are elei’ation of right \entricular or pul- 
monary artery pressure, or an axaggerated pressure 
drop across a xxilve, indicating stenosis. 

2. Is highly oxygenated blood admixed with 
systemic venous blood at any point? The finding of 
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blood which is more highly o’cygenated than sam- 
ples taken furllier upstream (a “step-up” lo oj^cn 
saturation) may indicate a left-io-right ^unt 
through a defect, hut interpretation of such meas- 
urements is sometimes dilRcult. As a result of in- 
complete mixing of the mcoming streams {rom the 
supenor and inferior venae cavae and from the 
coronary sinus, which normally has a very lo\v oxy- 
gen content, there is a normal %‘ariation between 
samples from the same chamber. In tlie right atrium 
samples may diSer normally by as much as 20 ml 
per liter (or 2 vol per cent), in the right \enlricle 
by less than 10 ml per htcr, in the pulmonary artery 
by less tlian 5 ml per liter. Differences of larger 
magnitude usually indicate a left-to-righl shunt, 
and their significance is increased if confirmed by 
multiple samples. It follows that small left-to-righl 
shunts amounting to less than 15 per cent of sys- 
temic blood flow will not ordinarily be detected by 
their effect on blood oxygen content. Right heart 
catheterization will not identify the site of a nght- 
to-Ieft shunt unless the catheter passes through a 
defect or indicator-dilution curves are employed. 

3 Does the cntlieter follow an abnormal course 
or pass through an abnormal opening? Under the 
Ouoroscope the catheter may sometimes pass 
through a congenital defect and thus provide pnma 
facie evidence of an anomalous communication. 
Such observations must, however, be interpreted 
cautiously, for the Suocoscapic Image of the catheter 
in a single plane does not always identify its ana- 
tomic location unequivocally. Moreover, it is not 
always possible to put the catheter where one wants 
It. In occasional patients, for example, repeated 
attempts to advance the catheter into the pulmonary 
artery will fail, even in the absence of pulmona^ 
stenosis or other abnorm.'ility. Failure to pass the 
catheter through a suspected defect is therefore of 
hfnited signi^snce. 

Catheterization studies are usually done with 
the patient at rest, under conditions approaching 
as nearly as possible a steady basal state. Alterations 
in tins steady state during tlie procedure, which 
may cliange the relative oxygen saturation of con- 
secutive blood samples, are to be avoided 

In many cases, a reliable diagnosis can be 
reached on the basis of history, physical examina- 
tion, and roentgenographic and electrocardiographic 
studies, and cardiac catheterization is not needed. 
Unnecessary catheterization is obviously to be 
avoided, although the risk is small In large diag- 
nostic laboratories the average mortaltly in cardiac 
catheterization is approximately 0 05 per cent. Tlie 
nsk in acj'anotlc patients with moderate symptoms 
is distinctly less than tliis figure, and roost of the 
fatabtics occur in severely ill patients with pulmo- 
nary hypertensiem and cyanosis. The procedure is 
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particularly hazardous in pah'ents with primary 
pulmonary hypertension. 

Cardiac catheterization is indicated when data 
so obtained are essential to tbc management cf 
the patient, as, for example, in deciding on surgical 
treatment. One hesitates lo use cardiac catheteriza- 
tion when the diagnosis is already reasonably clear 
from routine examination and surgery seems not 
indicated, but if the diagnosis is uncertain, it is 
better to secure the additional information provided 
by cardiac catheterization than lo deprive a patient 
of possifile surgical benefit. Mi'ith more malforma- 
Oons being added constantly to Uie list of those 
amenable to surgery, it becomes increasingly im- 
portant to identify the lesions in each case of con- 
genital heart disease, by catheteriz.ation or other 
appropriate methods. Table 252-1 lists typical data 
obtained by cardiac catheterization in some of the 
more common congenital anomalies. 

Catheterization of the chambers of the left heart 
can be c-amed out by a number of different routes. 
It IS roost widely used to evaluate acquired ab- 
normalities of the mitral or aortic valve, but b 
congenital disease combined right and left heart 
catheterization can be used to localize left-to-right 
shunts and to obtain tbe measurements needed to 
estimate pulmonary vascular resistance. 

Pressure measurements by direct puncture during 
open thoracotomy are now routine in many surgical 
departments and can give valuable data concerning 
(he lesion and the Immediate results of surgery. It 
should be emphasized, howev’er, that measurements 
obtained in the presence of the relatively low 
cardiac output, systemic pressure, and pulmonaiy 
artery pressure of the anesthetized patient with an 
open chest may be radically different from those 
under more normal conditions. 

Indicator-dilution Curves. Rapid injection of a 
small aaiatmt of dye or other mdicator into one of 
the chambers of the heart is followed by a cliaro^ 
(eristic arterial tune-concentration curve m the oor- 
ro.il circulation (Fig. 252-2). A shunt that permits 
the indicator to reach the artery prematurely super- 
imposes an early curve on the normal one, while a 
shunt that delays some portion of the indicator giv'es 
a typically low, prolonged curve. Successive inj'ecs 
lions m tlie venae cavae and tight heart chambers 
can identify the site of a nght-to-Icft shunt, since 
injections distal to the shunt will produce norma! 
arterial curves, while injections proximal to the 
shunt demonstrate the premature arrival of indi- 
cator that travels through the shunt. Very small 
shunts can be detected by this method under op- 
timal conditions, and a rough estimate of the shunt 
Dow can be made from the resulting curves. 

Numerous diagnostic tests employmg this prin- 
ciple have been devised By varying the site of 
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injrclion, anti sampling from catliclors in the heart 
ns well as the peripheral arterj’, the site, direction, 
and approximate magnitude of most shunts can be 
accnratcly determined, natltoaclitc materials, in* 
haled gases, and substances that alter (he electrical 
resistance or redox potential of the blood can be 
used as indicators, as tvcll as nontoxic dyes. One or 
more of the available techniques should be available 
iv. ^9.•y UVyM^^eAy vtitlv 

the diagnosis of congenital heart disease. 

rhonocardiograplty. TliC graphic recording of 
heart sounds and murmurs has clarified the inter* 
pretation of a number of auscultalor)’ phenomena 
and made possible a more intelligent use of the 
stethoscope. In practice, however, it is rarely neces- 
sary to record tlie phonocardiogram except when 
the precise timing of an extra sound or the duration 
of a murmur is in question. 


COMPLICATIONS 

In many types of congenital heart disease there 
appears to be a lowering of resistance to infections 
in general and to respiratory infections in particular. 
A history of repeated attacks of bronchitis or 
pneumonia is common, particularly in cliildren and 
particularly with atrial septal defect. In at least 
some cases malnutrition and underdevelopment 
may be ascribed to these recurrent illnesses. Neither 
hypogammaglobulinemia nor deficient antibody for- 


mation seems to be coneemed in this losvcnat 
sist.nnce. ^ 

Bacicrial cndocardiiL^ acute or subacute b 
common complication of congenita! heart disca/ 
About 10 per cent of all cases of subacute bacterM 
endocarditis occur in congenital heart disease P t 
cnl ductus artcriosuSv ventricular septal dcfcrt 
arctalion of the aorta, and bimispid aortic vahe r*" 



Fic. 252-2. Schematic representation of arterial loclJca. 
tor-dilution curve after injection of dye info right atrimn_ 

normal circulation ( ); left-to-right shum 

( ); rigIit-to-Ief( shunt ( . . . ). InjecUortv 

at oilier sites would be needed to determine vvliether 
the shunt were between the right and left afriurfl, the 
ri^l and left ventricle, or the pulmonary artery and 
aorta. , 
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under the age of thirty years, even in the alKence 
of symptoms. 

Patients with congenital malformations of the 
heart and symptoms which unmistakably limit their 
activity or in whom there are signs of cardiac em- 
barrassment or symptoms of increasing sev'erity 
should be carefully studied as possible candidates 
for surgery. The risk of correction svith open-heart 
surgery has steadily diminished since Gibbon began 
the use of the pump oxygenator in 1953, and correc- 
tion is possible with an operative mortality of no 
more than several per cent. 

In estimating the severity of the burden imposed 
on the heart, the patient’s response to such ordinary 
activities as walking and climbing stairs is a good 
guide. Dyspnea is a subjective phenomenon, how- 
ever, and the patient’s own estimate of his limita- 
tions may be misleading in either direction. An 
objective test of myocardial competence in relation 
to ordinary activity is badly needed. Measurement 
of cardiac output, shunts, and intracardiac pressure, 
particularly under resting conditions, does not sufli- 
dently answer this need. 

In cases with severe and prolonged pulmonary 
hypertension, the decision to operate is particularly 
difficult. In many patients, but not all, pulmonary 
hypertension appears to be res’ersible when a right- 
to-left shunt is corrected early in life. There is less 
likelihood of complete reversibility if the increased 
pulmonary How has persisted for a long period or 
if the pulmonary vascular resistance is greatly In- 
creased. In the advanced states the shunt may re- 
verse, producing cyanosis and a larger systemic 
than pulmonary flow. Unless there is reversal of the 
shunt, correction of the defect should be theo- 
retically beneficial, but patients with advanced pul- 
monary vascular changes may not withstand the 
stress of operation. In brief, unless there is evidence 
of a significant left-to-right shunt, there is little 
likelihood of benefit from the operative procedure 
unless the patient is a young child. 


SPECIFIC hULFORMATIONS 

Congenital heart disease includes such a variety 
of anatomic lesions and so many possible combina- 
tions of lesions that some system of classification is 
essential. Either structural or functional abnormali- 
ties can be used as a basis for such classification, 
but it is difficult to reconcile the two in a single 
system. Most cases of ventricular septal defect with 
pulmonic stenosis are cyanotic, for example, and 
most cases of atrial septal defect are not, but cac- 
ceptions are too frequent to be ignored. The classi- 
fication introduced by Maude Abbott, a pioneer in 
this field, depends primarily on the presence or 
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absence of cyanosis; yet this sign is found with 
many lesions that have little else in common. 

The compromise adopted in the section that 
follows is to group congenital anomalies under three 
major headings according to their effect on blood 
flow; 

1. Malformations that pennit shunting of blood 

a. Initial shunt left to right 

b. Initial shunt right to left 

2. Malformations that obstruct blood flow 

3. Afalformations with no direct effect on 

blood flow 

A/alformaihns teilh Potential Shunts 

Initial Le/f'to-Rfght Shunt 

Atrial Septal Defect. This is the most common 
congenital lesion of the heart. The defects may be 
single or multiple and vary in size from an open 
foramen ovale to complete absence of the inter- 
atrial septum (cor tnJocuJare biventriculare). Pa- 
tency of the foramen ovale with an unsealed valve, 
which persists m 5 to 20 per cent of the adult 
population, does not usually pennit shunting of 
blood, since the valve flap over the foramen pre- 
vents left-to-right flow and is held closed as long 
as atrial pressures remain normal. 

Atrial septal defects may be divided into two 
general types: persistent ostium secundum (ceph- 
alad or midseptal in location) and persistent ostium 
primum (caudad, with one margin of the opening 
made up by the tissue between the atrioventricular 
rxilves). This distinction has a practical value for 
the surgeon, since the persistent ostium primum is 
technically much more difficult to repair. It also 
serves a clinical puqiose in that the ostium primum 
type of defect, also called atiiox’entricular canal or 
endocardia] cushion defect, is often accompanied 
by persistence of the atrio%'entricular cleft in the 
mitral and tricuspid leaflets, which may cause 
clinically recognizable insufliciency of one valve or 
of both. 

Ostium Secundum Defect*. The shunt through 
an atrial septal defect is predominantly from left 
to right, presumably because left atrial pressure is 
normally slightly higher than right atrial pressure 
and because the right ventricle presents less resist- 
ance to diastolic filling than the left. Pulmonary 
blood flow is usually two or three times the sys- 
temic blood flow. At the same time, streamlining 
of flow often produces a small right-io-left shunj 
which lowers systemic arterial oxygen saturation 
sUghtty. Marked arterial unsahiration docs not ap- 
pear unless complications such as pulmonic steno- 
sis or increased pulmonary vascular resistance are 
present. 
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the lesions most likely to become infected, while 
patients with atrial septal defect rarely dewlop this 
complication. It may appear at an)’ age btil Is 
commonest in young adults. The symptoms, signs, 
and treatment of subamto bacterial endocarditis 
are the same with congenital heart disease as with 
other cardiac abnormalities. Subacute bacterial en- 
docarditis in patent ductus arteriosus is in itself 
an indication for surgical closure, and this procedure 
alone will usually terminate the infection. 

Because of the susceptibility of many congenital 
cardiovascular malformations to baclcrwl endo- 
carditis, prophylactic antibiotic treatment should be 
carried out during procedures winch may produce 
transient bacteremia, such as dental extractions. 
Continuous prophjlaxis similar to that cmploj'cd in 
rheumatic heart disease is not indicatcrl, however. 

T/iromhoses are common, particularly in the 
cerebral circulation. The high incidence In poly- 
cythemic patients, and after dehydration, suggests 
a relationship witli blood vucosily. Fluid Intake 
should be carefully watched in such patients, par- 
ticularly in warm weather. Cerebral thromboses 
may present vrith conMilsions or sudden hemiplegia, 
or they may be immediately fatal. Treatment of the 
polycythemic patient is based on use of anticoagu- 
lant drugs, venesection, and hemodilution with in- 
travenous isotonic fluids. 

Brain abscess is a serious complication of con- 
genital heart disease which may appear any time 
after the first year or two of life. It is more frequent 
in patients with right-to-left shunts, since bacterial 
emboh bypass tlic lung filter and enter the brain. 
Successful treatment depends largely on early diag- 
nosis, and the possibility of brain abscess should be 
considered promptly in any patient wiUi congenital 
heart disease who develops unexplained fever, head- 
aches, or other appropnate signs or symptoms. 

THERAPY 

Medical. Medical treatment of congenital heart 
disease consists mainly in the treatment of heart 
failure, maintenance of myocardial compensation, 
and prevention and treatment of comphcalions. 

Many cases of congenital heart disease are in- 
stances of “high-output failure" (see Chap. 13), 
m the sense that at least one ventricle is required 
to pump more than its normal output per minute. 
Digitalis is nevertlieless just as cflectivc in these 
cases as in the “low-output f.ailure’' of most forms 
of acquired heart disease. 

The congestive heart failure wluch occurs willi 
congenital malformations of the heart docs not 
differ essentially from that seen in other diseases of 
the heart, and the principles of treatment arc simi- 
lar. Right sentricular failure is more common (ban 
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left in congenital heart disease, and is usually a 
more chronic problem. 

Digitalis is the keystone of therapy for esLibhsh- 
Ing and maintaining cardiac compensation. Tlie 
dioicc of n digitalis preparation is dictated by the 
speed of action required and the personal preju- 
dices of the individual phjsician. There is no con- 
vincing cs’idencc to show that the nutneruus digi- 
tabs preparations n\-nilablc differ in their clinical 
effects except in rapidity and duration of action 

In the polycythemic patient venesection serves 
a double purpose by decreasing blood viscosity as 
well as temporarily reducing total blood volume, 
but »l must nevertheless be used cautiously. 

Surgical. TIic list of congenital abnormalities 
which can Iw corrected or relieved by surgery is 
constantly growing, but the more common abnor- 
malities which can at present be successfully treated 
inclmlc: patent ductus arteriosus, pulmonary val- 
vular or infundibular stenosis (eillier isolated or in 
the Iclralogy of Fallot), coarctation of the aorta, 
otri.al septa! defect, anomalous pulmonary’ venous 
drainage, aortic stenosis, ventricular septal defect, 
transposition of tlic great vessels, and congenital 
stenosis of the mitral and tricuspid vahes. These 
anomalies are enumerated in approximately the 
order of increasing operative risk, which varies 
widely with the dilfcrcnl lesions. Closure of patent 
ductus arteriosus, for cx.implc. has Iwen carried out 
in hundreds of patients since 1039, and the present 
operative mortality is about 2 per cent, while open- 
heart surgery on transposition of the great vessels 
has been successful for only a short tune, and com- 
plete evaluation of llie risk and tlic results is not ) et 
possible. 

The responsibility of deciding whellicr surgery is 
to be ndvised in the individual case should be 
shared by the internist and the surgeon. The only 
rational liasis for such a decision is accurate knowl- 
edge of the prognosis without operation in Uie case 
in question, as compared with the risk and chance 
of benefit from surgery. Under many conditions the 
factors which enter into tliis comparison are not 
completely known. 

In general, patients with physical signs of con- 
getiital heart disease but vvilliout symptoms clearly 
related to their heart disease or signs of cardiac 
embarrassment should not undergo corrective sur- 
gery as prophylaxis against future difficulty. There 
are at least three e.xccptions to this generalization: 
patent ductus arteriosus, coarctation of the aorta, 
and atrial septal defect. Hie cliances of subacute 
bacterial endocarditis, increasing difficulty witli ad- 
vancing age, or other possibly fatal complications 
are great enough with these three lesions and the 
risk of operation low enough that surgical correc- 
tion should be considered in all affected patients 
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The clinical effects of an atrial septal defect 
depend primarily on the size of the defect and tfie 
volume of the shunt Uirough it, A small proportion 
of cases remain asjTnptotn.itic throughout adult life. 
In patients who develop symptoms, the earliest 
complaints are exertional dyspnea and fatigue. 
Parox)’smal atrial tachyc-ardia with \'arying degrees 
of block is a frequent manifestation. Growth and 
development are essentially normal unless there is 
an unusually large shunt, and the "graede habitus” 
shown by some children is relati\ely rare. Cjano- 
sis and evidence of pulmonary hypertension are 
not encountered until late in the disease, if at aB. 

A S)'Stollc murmur in the second left Intercostal 
space is the most prominent and constant physical 
finding. It begins early in systole, reaches a maximal 
intensity in midsystole, and diminishes rapidly to 
terminate before the pulmonic second sound, char- 
acteristics which suggest that it arises from ejection 
of a large stroke volume into the ddated pulmonary 
artery (p. 1411) 

The aortic and pulmonic components of the sec- 
ond sound are clearly separated so that the second 
sound in the pulmonic area is split, and this split- 
ting varies little if at alt with respiration. In normal 
pcisons the second sound splits appreciably only 
on inspiration (p. 1403). 

Fluoroscopy shows a greatly enlarged pulmonary 
conus and pulmonary arteries, increased pulmonary 
vascularity, a “hilar dance,” and enlargement of the 
nght atrium and right ventricle. The electrocardio- 
gram shows signs of right ventricular hj-pertrophy 
in almost all s)‘mptomatic cases It has frequently 
been stated that the electrocardiogram in this mal- 
formation usually shows right bundle branch block, 
but it is more accurate to say that an rsR' pattern 
is often found in VT and other right precordial leads, 
usually with a QHS duration less tlian 0 12 sec. Tills 
rsR' pattern in itself is probably an indication of 
right ventricular hypertrophy. Paroxysmal atnal 
tachjeardia, atrial fibrillation, and prolongation of 
the P-R interval are all common. 

Ostium Primum Defects. When this lesion is 
present symptoms almost always appear in child- 
hood, and an apic.-U systolic murmur, plus radiologic 
and electrocardiographic signs of left ventricular 
hjpertrophy as well as right suggest the diagnosis. 
Signs of free mitral or tncuspid insufficiency also 
favor the duignosis of persistent ostium primum 

Cardiac catheterization will usually establish the 
diagnosis, subject to the general limitations of this 
procedure discussed above. The differential diag- 
nosis between atrial septal defect and anomalous 
pulmonary veins draining into tlie right atrium is 
often impossible. 

The majority of alnal septal defects are not eom- 
plio.ited bj’ other congenitJil lesions, except for the 
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tricuspid and mitral valve deformities mentioned. 
The combination of atrial septal defect and mitral 
stenosis (Lutembachers syndrome) appears to be 
much less common than previously supposed. Mod. 
em diagnostic methods and surgical exploration 
have shown tliat an apical diastolic murmur is often 
present in cases of atrial septal defect when the 
mitral valve is entirely normal, and the diagnosis 
of Lutembachcr’s syndrome should therefore be 
made with considerable caution. 

Ventricular Septal Defect. This is the second 
most frequent congenital anomaly of the heart 
More dran 90 per cent are defects of the mem- 
branous portion of the septum, the rem.iinder being 
in die muscular portion and usuaffy unaccompanied 
by other cardiac malformations. They vary in size 
from very small ventricular defects, which produce 
a loud s)'stolic murmur but no symptoms tiirough- 
out adult life (maloiUe de Roger), to complete ab- 
sence of the interventricular septum (single uen- 
triclc, cor triloculare biatriatum). 

Tlie direction and magnitude of the shunt depend 
on the size of die defect and on the relative re- 
sistances to pulmonic systemic flow. In the majont)' 
of cases the shunt is predominantly from left to 
right, but die development of Increasing pulmonary 
vascular resistance can reverse the direction. Pa- 
tients With extremely large defects or complete ab- 
sence of the interventricular septum (single ven- 
tricle) usually have increased pulmonary vascular 
resistance from birth. 

A harsh systolic murmur, of greatest intensity in 
the third and fourth interspaces just left of the 
sternal edge, is the classic sign of ventricular septal 
defect, m the majority of cases it is accompanied by 
a dmll. It usually extends throughout sy'stole (p. 
1411) and is maximal in mid- or late systole. If the 
pressure gradient between the tw'o ventricles de- 
creases as pulmonaiy hypertension develops, the 
5)-stohc murmur decreases in intensity as the pul- 
monic second sound increases. An apical diastolic 
murmur is present in most cases with large shunts, 
because of either relative mitral stenosis or pul- 
monary insufficiency (p. 1412, Cliap. 251). 

As long as the Icft-to-right shunt predominates, 
the roentgenogram shows increased pulmonary vas- 
cularity, and the electrocardiogram reflects com- 
bined ventricular hj-pertrophy. If the pulmonary 
vascular resistance increases markedly, the periph- 
eral lung fields become relatively avascular, in con- 
trast to the dilated main branches of the pulmonary 
arterj’, and signs of right ventricular hypertrophy 
predoQunate in the electrocardiogram. 

Stenosis of tile pulmonary valve or infundibulum 
may pve a murmur similar to that of ventricular 
septal defect, but it is usually loudest in the second 
or third interspace, particululy with valvular steno- 
sis. The decreased pulmon.iry v.-iscularity seen by 
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x-ray is the most important point in distinguishing 
these lesions from pure ventricular septal defect. If 
phonocardiograms show that the murmur is un- 
doubtedly pansystolic and definitely starts before 
ejection, then this evidence speaks strongly for in- 
terventricular defect as compared to pidmonaiy 
stenosis. 

The systolic murmur of atrial septal defect is 
occasionally quite loud and may even produce a 
thrill, but it too is typically Irigher on the chest watt 
than in ventricular septal defect. Moreo\^r, with 
atrial septal defect left ventricular hypertrophy does 
not occur unless mitral incompetence is also present 
In ventricular septal defect with marked pulmonary 
hypertension, right ventricle enlargement predom- 
inates. and differentiation from atrial sept^ defect 
by clinical means may be impossible. 

Ventricular Septal Defect In Combination with 
Other Lesions. Approximately 9 out of every 10 
patients with an interventricular septal defect have 
other cardiac malformations as well, the most com- 
mon being pulmonary stenosis. Aortic incompetence 
due to an anomalous aortic cusp Is an occasional 
complicating lesion of considerable importance, be- 
cause the murmurs and wide pulse pressure may 
lead to an erroneous diagnosis of patent ductus 
arteriosus. 

Eiscnmengcr's complex is the name sometimes 
applied to a condition characterized by ventricular 
septal defect in which cyanosis develops in adoles- 
cence or later adult life. The aortic root is normally 
positioned in most cases, and the clinical course is 
the result of gradually increasing pulmonary vas- 
cular resistance, with increasing pulmonary hyper- 
tension and eventual reversal of the shunt. 

Patent Ductus Arteriosus. The ductus arteriosus, 
which is an essential communication between the 
pulmon.ary artery and aorta during fetal develop- 
ment, normally closes before the age of two years. 

Persistent patency of the ductus arteriosus be- 
yond this age is a common abnormality, represent- 
ing approximately 10 per cent of all congenital mal- 
formations seen clinically. The lumen varies from 
5 to 10 mm in most patients. With the normally 
existing pressure gradients, there is a left-to-rlght 
shunt from the aorta to the pulmonary artery, but 
this varies greatly in magnitude in different pa- 
tients and is often well tolerated. The majority of 
patients with this anomaly are asymptomatic and 
are unaware of its existence until it is discovered 
on routine physical examination. 

The open ductus provides a low-resistance path- 
way from the aorta during diastole as well as sy^ole, 
and a lowering of the arterial diastolic pressure re- 
sults. The arterial pulse pressure is thereby widened, 
yist as in aortic regurgitation. 

The left rentricle bears the burden of the shunt, 
sho^^ing b)'pcrtrophy and enlargement in cases 
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where the shunt is large enough to cause symptoms. 
As In other left-to*right shunts, continued high pul- 
monary' blood flow is sometimes followed by the 
development of pulmonary hypertension. This tends 
to decrease the Jeft-to-right shunt, and if the pul- 
monary artery pressure readies systemic levels, the 
flow Arough the ductus will be reversed, witli 
cyanosis of the toes and the area of the body nour- 
ished by branches of the aorta distal to the ductus. 
In such cases, cyanosis may appear at first only 
With exertion, but if the patient survives, tlie right- 
to-lefl shunt becomes permanent, even at rest. 

When the ductus enters the aorta distal to the 
great vessels of the aortic arch, as is customary', a 
venous-arterial shunt through it gives rise to the 
almost paihognomonic finding of cyanosis of the 
lower extremities with normally pint upper ex- 
tremities. Once this stage has been reached the 
prognosis is poor, and survival for mote tivan a few 
years is exceptional. 

The classic machinery murmur of palenty of the 
ductus extends through systole and diastole, as does 
the flow of blood through the ductus. The tourmur 
reaches its ma-ximal intensity about the end of sys- 
tole and “overrides” the second sound, which may 
be completely obliterated. It may begin with the 
first sound or in early systole, and may extend 
throughout diastole, or die away in late diastole. 
The second left interspace at the sternal border is 
most often the aiea of maximal intensity. The sys- 
tolic element may be heard over most of the precor- 
dium and above the clavicles, while the diastolic is 
sometimes less widely transmitted. As in other left- 
to-right shunts, a separate apical diastolic murmur 
(com relative mitral stenosis is sometimes heard. 

Pulmonary hypertension modifies the typical mur- 
mur just as it modifies the size and direction of the 
shunt- With roughly equal pressures in aorta and 
pulmonaiy' artery and little or no shunt, the mur- 
mur may disappear entirely, while under other cir- 
cumstances either the diastolic or the systolic com- 
ponent may be absent. Other causes of continuous 
murmun are considered on p. 1413, Chap. 251. 

Fluoroscopy may show a prominent pulmonary 
conus, slight right and left ventricular enlargement, 
slight increase in pulmonary vascularity, or no ab- 
normality at all. The electrocardiogram may show 
moderate left, or combined ventricular, hypertrophy 
but is more often within normal limits. 

Patent ductus arteriosus can occur in combina- 
tion with many other malformations. In some in- 
stances, such as complete pulmonary atresia, a 
patent ductus performs an essential function by 
carrying blood to the lungs. 

Differential diagnosis is relatively easy in the 
average patient with a typical murmur aud no 
c^-anosis. Although many other lesions produce both 
s^olic and diastolic murmurs, Uic hi o murmurs are 



142G SEC. 2 

usually separate and do not continue through the 
second sound. Defects of the septum beh\-een the 
ascending aorta and pulmonary artery are an ex- 
ception to this rule, wliich is not surprising since 
this anomaly is phj’siologically identical with patent 
ductus, except for the slightly more pioximrJ site t>£ 
the communication. Cardiac catheterization may be 
of help in differentiating between patent ductus 
arteriosus and such aortic septal defects, if the 
catheter passes through the defect. Retrograde aor- 
tography may establish the diagnosis. 

Anomalous Pulmonary Venous Drainage. This is 
a relatively uncommon malformation. Tl\e most fre- 
quent sites of drainage are the superior vena cava, 
the right atrium, the left innominate vein, and the 
coronary sinus. Tlie effects of this malformation are 
determined by tlie proportion o! the blood from the 
lungs that is returned to the right heart. If all pul- 
monary veins drain into the right heart, an asso- 
ciated patent foramen ovale or atrial septal defect 
is essential for survival. Partial anomalous drainage, 
in vvhich some pulmonary veins enter the right side 
of the heart while others enter the left atrium 
normally, may occur without other complicating 
lesions. 

Partial anomalies are often well tolerated and may 
be entirely asymptomatic, while total anomalous 
drainage Is a much more severe handicap; less than 
a fifth of patients willi the latter condidon survive 
beyond infancy. 

In both situations there is a ]cft*to-right shunt, 
and therefore increased pulmonary blood flow, but 
the size of tlie shunt varies greatly. In patients with 
total anomalous pulmonary venous drainage, there 
may be a history of cyanosis at birth and infancy 
and mild degrees of cyanosis at rest or on exertion, 
and even clubbing m later life. 

Physical signs may be lacking in cases of partial 
anomalous pulmonary venous drainage, but in the 
total anomalies there is almost always a grade 2 to 
4 systolic murmur, often mth a thrill, in the second 
to fourth intercostal space at the left sternal border. 
This IS probably related to an associated atrial 
septal defect and the accompanying dilatation of 
tlie pulmonary artery. A softer, continuous murmur 
is often heard in the aortic area, probably a true 
“venous hum” from increased flow through the 
anomalous veins. 

Roentgenograms may be characteristic in three 
specific pallems of anomalous pulmonary venous 
drainage: (1) a common right pulmonary vein 
draining into the inferior vena cava, which adds n 
smooth semicircular shadow to the right heart 
border; (2) total pulmonary venous drainage into a 
persistent left superior vena cav’a, giving a "figure- 
s’’ or "snowman" contour to the whole cardiovas- 
cular silhouette (Fig.252-lC); (3) total pulmonary 
venous drainage into the coronary sinus, in vvhicdi 
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the greatly dilated coronary sinus and anomalous 
veins displace the esophagus posteriorly, slmuliit- 
ing left atrial enlargement. The electrocardio- 
graphic findings are normal in most asymptomatic 
patients and show signs of right ventricular hyper- 
trophy as symptoms become predominant. 

Hemodynamically, the systemic flow is norma] or 
slightly lowered, while the left-to-right shunt gives 
an increased pulmonary flow varying from one and 
one-lialf to five or more limes the systemic flow. 
Peripheral arterial oxygen saturation may be nor- 
mal vvilli partial anomalies, but with totally anoma- 
lous drainage the pulmonic and systemic venous 
blood arc mixed in the tight atrium, and pulmonafy 
arterial and aortic blood are equally unsaturated- 
Pulmonary artery pressure is usually normal Or 
slightly elevated. 

Cardiac catheterization can demonstrate the left- 
fo-right shunt and "step-up” fn oxygen saturation 
in the right atrial blood but cannot distinguish be- 
tween anom.ilous pulmonary venous drainage into 
the right atrium and atrial septal defect unless the 
catheter actually passes out one of the pulmonary 
veins from the vena cava or the right atrium. Even 
this finding is often equivocal, since it is difficult to 
be sure that the c-itheter has not passed into nor- 
mally draining pulmonary veins by way of an atrial 
septal defect. The situ.ition is further complJeated 
by the frequent association of the two anomalies 
Angiocardiography can be helpful in demonstrating 
anomalous pulmonary veins draining into the venae 
cavae or coronary sinus, but it does not rule ouf 
concomitant atria! septal defect. In many casef. 
therefore, differential diagnosis of these two mal- 
formations con be made only at tivoTacotomy. 

When the anomalous v’cins drain only one lung, 
a specialized application of the dye-dilution method 
may establish {lie diagnosis. Injection of dye or 
other indicator into first one and dicn the other 
main branch of the pulmonary artery will give 
normal dilution curve in the systemic arteries after 
injection into the normally drained lung and 9 
curve typical of a left-to-right shunt after injection 
into the anomalously drained pulmonary bed. 

As has been indicated, many patients with partial 
anomalous pulmonary venous drainage are without 
symptoms, and therapy is not needed. In otliers, 
however, and particularly in the total anomalies, 
signs of right heart failure develop bec.iuse of a 
large shunt or pulmonary hj-pertension, or both. In 
these patients surgical intervention should be con- 
sidered, although with total anomalies and with 
marked pulmonary hypertension, the risk of opera- 
tion is hi^ 

Mliai RIght-to-Left Shunt 

These are the cases of “c)’anotic heart disease” in 
which the malformed structure of the heart and 
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great vessels diverts all or part of Urc Jlgl'f ven- 
tricular output into the aorta from birth, so that the 
fetal predominance of the tight ventricle persists. 

The partitioning of the cinbr)’onic truncus arterio- 
sus iirlo pulmonic and aortic channels is a Icey stage 
in the development of the heart, and anomalies in 
this process underlie a number of clinical malforma- 
tions, including complete transposition of the great 
vessels, Fallot’s tetralogy, and some defects of the 
membranous portion of ibc interventricular septum. 
An understanding of tins episode in the develop- 
ment of the human fetus is essential to a logical 
appreciation of tlicse lesions, and the excellent re- 
views of Harris and Farber and Patten arc recom- 
mended. 

Deviations in tlic location of the partitioning 
septum can produce great s^ariations in the relative 
size of Uie aorta and pulmonary artcr)'. Failure of 
the normal twisting of the truncus may leave the 
aorta in direct communication with the right ven- 
tricle only, and the pulmonar}' artery with the left 
\*cnlride, as in complete transposition. The almost 
unlimited permutations and combinations of such 
developmental errors can lead to the most complex 
malformations. Tlic caudad end of the truncus sep- 
tum is contiguous with the membranous portion of 
the interventricular septum and with the edge of 
the interatrial septum which closes the ostium pri- 
mum. Any abnormality of development in this rela- 
tively small area In the fetus can give rise to such 
apparently diverse anom.alics as transposed great 
vessels, defects of the interatrial and interven- 
tricular septum, and anomalies of the atrioven- 
tricular valves. 

Transposition of the Great Vessels. In this mal- 
formation the failure of normal torsion of the 
piimilive truncus leaves the aortic root opening into 
the right ventricle and tlie pulmonary artcr}’ into 
the left. This separation of the pulmonic and sys- 
temic circulation into two independent circuits is 
obviously incompatible with life unless some addi- 
tional anomaly provides a communication between 
them. Complete transposition of aorta and pulmo- 
nary artery is, therefore, not seen clinically except 
in combination with other anomalies such as 
patent foramen ovale, atrial septal defect, ven- 
tricular septal defect, or patent ductus arteriosus. 
The bronchial arteries provide an additional shunt 
pathway in many eases. Tlie larger the communica- 
tion, the better the patient’s chances for survival. 

In patients with these conditions the paths of 
blood flow are not yet fully understood, but th^ 
involve muted shunts which may reverse their 
direction from systole to diastole. There is usually 
marked lowering of peripheral arterial saturation, 
witli cyanosis and poI)'cythemia. 

Signs and symptoms, including cyanosis, are 
present from birth, and rapid cardiac enlargement 
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during the first year of life is tlic rule. The mal- 
formation is occasionally seen in older children, but 
the majority of the infants affected die during the 
first year, unless compensating anomalies coexist. 

A pTccordial bulge is frequently present, owing 
to the early cardiac enlargement, and the precordial 
pulsation is indicative of dominant right ventricular 
enlargement. Tlic second pulmonic sound is greatly 
accentuated and not split. Systolic murmurs and 
thrills arc usually found but are related to the 
assodated defects rather than to the transposition 
itself. Some patients with a p.ntent foramen ovale 
or patent ductus arteriosus have only faint systolic 
murmurs or none at all. 

Tlie radiologic picture is often characteristic (see 
Fig. 252.1D). 

When the ascending aorta lies directly ventral 
to the pulmonaiy trunk, their shadows are super- 
imposed, giving an unusually narrow upper medias- 
tinal shadow and an absence of the usual pulmo- 
nary conus. The pulmonary arteries and smaller 
vessels arc large and pulsate vigorously. Both ven- 
tricles, and often both atria, arc enlarged, flight 
axis deviation and marked right ventricular hyper- 
trophy arc found in Ihe electrocardiogram. 

Tlic diagnosis can usually be made from the his- 
tory and roentgenologic features. On cardiac cathe- 
terization the catheter may enter the aorta, and the 
characteristically anterior origin of the aorta may be 
identified in the lateral \4ew. 

Surgical creation of an atrial septal defect may 
help patients with this condition by allowing 
greater mixing of pulmonary and systemic blood. 
More complete correction has been possible in a few 
instances with open-heart surgery, the most success- 
ful ojwrations being directed at producing trans- 
position of the pulmonary veins and venae cavae to 
correct for the transposed great arteries. The opera- 
tion is belter done in infants before pulmonary 
vascular changes become excessive. 

A variant of this anomaly is complete transposi- 
tion of the aorta with only partial transposition of 
tire pulmonary artery, so that the pulmonary artery 
ovurridcs the right ventricle, and a high ventricular 
septal defect (Taussig-Bmg complex). Although 
this ma]form.ation differs devciopmentally from the 
Eisenmenger complex, the clinical pictures are 
similar. The single distinguishing feature is the 
appearance of cyanosis at birth in tlie Taussig-Bing 
complex, as contrasted with its later appearance in 
the Eisenmenger complex. 

Persistent Truncus Arteriosus. This is a rare 
anomaly in which blood flows from both ventricles 
into a single common trunk overriding a high ven- 
tricular v'cntra] defect. Blood reaches the lungs 
through pulmonary arteries branching from this 
trunk. There may be a right or left aortic arch. 

Cyanosis is present, but its degree depends on 
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usually separate and do not continue through the 
second sound. Defects of tlie septum between the 
ascending aorta and pulmonary artery arc an ex- 
ception to this rule, ^^’hich is not surprising since 
this anomaly is physiologically identical with patent 
ductus, except for the slightly more proximal sHe 
the communication. Cardiac catheterization may be 
of help in differentiating between patent ductus 
arteriosus and such aortic septal defects, if the 
catheter passes through the defect. Retrograde aor- 
tography may establish tlie diagnosis. 

Anomalous Pulmonary Venous Drainage. Thb is 
a relatively xmcommon malformation. The most fre- 
quent sites of drainage are the superior vena cava, 
the right atrium, the left innominate vein, and the 
coronary sinus. The effects of this malformation are 
determined by the proportion of the blood from the 
lungs tliat is returned to the right heart. If all pul- 
monary veins drain into the right heart, an asso- 
ciated patent foramen ovale or atrial septal defect 
is essential for survival. Partial anomalous drainage, 
in wliich some pulmonary veins enter the right side 
of the heart while others enter the left atrium 
normally, may occut without othet complicating 
lesions. 

Partial anomalies are often well tolerated and may 
be entirely asymptomatic, while total anomalous 
drainage is a mucli more severe handicap; less tKan 
a fifth of patients with the latter condition survive 
beyond infancy. 

In both situations there is a Icft-to-rlght shunt, 
and therefore increased pulmonary blood flow, but 
the size of the shunt varies greatly. In patients with 
total anomalous pulmonary venous drainage, there 
may be a history of cyanosis at birth and infancy 
and mild degrees of cyanosis at rest or on exerUon, 
and even clubbing in later life. 

Physic.nl signs may be lacking in cases of partial 
anomalous pulmonary venous drainage, but in die 
total anomalies there is almost always a grade 2 to 
4 s) stohe miumwr, often with a thrill, in the second 
to fourth intercostal space at the left sternal border. 
This is probably related to an associated atrial 
septal defect and the accompanying dilatation of 
die pulmonary artery. A softer, continuous murmur 
IS often heard in the aortic area, probably a true 
‘‘venous hum" from increased flow Uinnigh the 
anomalous veins. 

Roentgenograms may be characteristic in three 
specific patterns of anomalous pulmonary venous 
drainage: (1) a common right pulmonary win 
draining into the inferior vena cava, which adds a 
smooth semicircular shadow to the right heart 
border; (2) total pulmonary venous drainage into a 
persistent left superior vena cava, gning a “flgure- 
8“ or “snowman” contour to the whole cardiovas- 
cular silhouette (Fig. 252-lC); (3) total pulmonary 
venous drainage into the coronary sinus, in which 
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the greatly dilated coronary sinus and anomalous 
veins displace the esophagus posteriorly, simulat- 
ing left atrial enlargement. The electrocardio- 
graphic findings are normal in most as)Tnptomatic 
patients and show signs of right ventricular hyper- 
trophy as s)Tnptoms become predominant. 

Hemodymamically, the sy'stcmic flow is normal or 
slightly lowered, while the Icfl-to-right shunt gives 
an increased pulmonary flow varying from one and 
one-half to five or more times the systemic flow. 
Peripheral arterial oxygen saturation may be nor- 
mal with partial anomalies, but with totally anoma- 
lous drainage the pulmonic and systemic venous 
blood are mixed in the right atrium, and pulmonary 
arterial and aortic blood are equally iinsaturated. 
Pulmonary artery pressure is usually normal or 
slightly elevated. 

Cardiac catheterization can demonstrate the le/t- 
lo-right shunt and “step-up" in oxygen saturation 
in the right atri.il blood but cannot distinguish be- 
tween anomalous pulmonary venous drainage into 
the right atrium and atrial septal defect unless the 
catheter actually passes out one of the pulmonary 
veins from the vena cava or the light atrium. Even 
this finding is often equivocal, since it is difficult to 
be sure that the catheter h.i$ not passed into nor* 
roally draining pulmonary veins by way of on atrial 
septal defect. The situation is further compfleated 
by the frequent association of the two anomalies. 
Angiocardiography can be helpful in demonstrating 
anomalous pulmonary veins draining Into the venae 
cavae or coronary sinus, but it does not rule out 
concomitant atrial septal defect. In many cases, 
therefore, differential diagnosis of these two mal- 
formations can be made only at thoracotomy. 

When the anomalous veins drain only one lung, 
a specialized application of the dye-dJution method 
may establish the diagnosis. Injection of dye or 
other indicator into first one and then the other 
main branch of the pulmonary artery will give a 
normal dilution curve in tlie systemic arteries after 
injection into the normally drained lung and 3 
curve typical of a Icft-to-right shunt after injection 
into the anomalously drained pulmonary bed. 

As has been indicated, many patients with partial 
anomalous pulmonary venous drainage are without 
symptoms, and therapy is not needed. In others, 
however, and particularly in the total anomalies, 
signs of right heart failure develop because of a 
large shunt or pulmonary hypertension, or both. In 
these patients surgical intervention should be con- 
sidered, although with total anomalies and with 
mathed pulmonary hypertension, the risk of opera- 
tion is high. 

Inlliat Rtghi-lo~Left Shunt 

These are the cases of "cj-anotic heart disease" in 
which the malformed structure of the heart and 
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lesions. Cases of vTiIvular stenosis with nonnal ven- 
tiicular septum ate ielati%cly common and may 
constitute as much as 10 per cent of all patients 
with congenital heart disease. The degree of steno- 
sis varies from slight narrowing to a domelike mem- 
brane with only a pinhole opening. 

The principal effects of this lesion are reduction 
of Uie pulmonary blood flow and right ventricular 
hj'perlension and h)pcrtrophy. When the right \-cn- 
tricle can no longer maintain the high pressure 
needed to propel blood through tlie lungs, conges- 
tive failure superv’cnes, with the increased periph- 
eral venous pressure, hepatic distention, and 
peripheral edema characteristic of right ventricular 
failure. 

Sliunts are not usually present in the early course 
of the disease or in mild cases, but right-lo-left 
shunts may develop through an unsealed foramen 
ovale or concomitant atrial septal defect if right 
atrial pressure eventually rises. 

Patients wa'lh mild degrees of pulmon.-iry stenosis 
may have no s)’mptoms and have an excellent prog- 
nosis. In more severe cases, the age of onset of 
sjTnptoms— primarily exertional dyspnea or syu- 
cope— varies widely, but in the average case is 
during adolescence. Exertional dyspnea usually pre- 
cedes Uic appearance of cyanosis and for some lime 
is more striking than the cyanosis. Once cyanosis 
Iws appeared syTOploros gradually become more se- 
vere, but there are striking exceptions to this rule, 
and occasional patients continue to exhibit cyanosis 
on exertion for 20 years or more, with little change. 
Clubbing is present in proportion to the severity 
and duration of cyanosis. 

The most important physical signs of pulmonic 
stenosis are a systolic murmur with maximal inten- 
sity (usually at least grade 4) in the pulmonic area 
and a diminished or absent second pulmonic sound. 
Pbonocardiograms reveal a splitting of tbc second 
sound, but only the first (or aortic) component may 
be audible. With infundibular stenosis the site of 
greatest intensity is somewhat lower, in the third 
to fourth interspace at the left sternal border. The 
murmur terminates before the second pulmonic 
sound. Diastolic murmurs are not usually present, 
a point which is helpful in diffcrentiab'ng this le- 
sion from ventricular septal defect. Signs of right 
ventricular failure, including enlargement and some- 
times pulsation of the liver, develop in the most 
sev eie instances. 

Radiographic study shows a prominence or actual 
enlargement of the pulmonary artery and its main 
branches, the so-called "poststenotic dilatalion” (see 
Fig. 252-1), with valvular stenosis but usually not 
with infundibular stenosis. The pulmonary arteries 
do not pulsate actively as a rule, but with mild 
stenosis slight pulsation may occur. The vascularity 
of the lungs is diminished, giving a relatiwly clear 
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appearance to the peripheral lung fields. In mild 
cases the ventricles are of nonnal size, while in 
sev’crc cases the right x'entricle may be enormously 
enlarged. The right atrium usually enlarges along 
with the right ventricle. 

Electrocardiographic signs of right ventricular 
hypertrophy ate roughly proportional to the degree 
of obstruction. Severe degrees of pulmonic stenosis 
produce the greatest increase in the amplitude of 
the R wave over the right precordium (up to 4.0 
mv) encountered clinically. Right atrial enlarge- 
ment is indicated by increased P-wave amplitude, 
most prominently in leads II and V|. 

The most important hemodynamic finding is an 
increase in right ventricular pressure and the dem- 
onstration of a large pressure gradient across the 
site of the stenosis. Right ventricular systolic pres- 
sure in symptomatic patients is usually behveen 60 
and 180 mm Hg, but one patient w’lth a pressure 
of 270 mm Hg has been reported. The pressure 
drop across the stenosis is often 100 mm Hg, or 
more. The systemic flow is usually slightly below 
nonnal, but not so much below as one W’ould ex- 
pect from the severity of symptoms. One critical 
handicap in patients w'ith this condition is their 
limited ability to increase pulmonary flow on exer- 
cise, even with considerable increase in right ven- 
tricular pressure. In extreme instances, exertion may 
lead to syncope. 

Cases showing early cyanosis must be differen- 
tiated from tetralogy of Fallot, and those with late 
onset of cyanosis from Eisenmenger’s complex. A 
prominent pulmonary artery, enlarged heart and 
right atrium, and m.irked dyspnea with relatively 
little cy'anosis help to rule out tetralogy of Fallot, 
while clear lung fields and absence of pulmonary 
artery pulsation are not usually found in Eisenmen- 
gers complex. Cardiac catheterization can furnish 
direct evidence of the stenosis and the degree of 
right ventricular hypertension. Accurate diagnosis is 
of particular importance because the Dlalock-Tausstg 
operation does not benefit patients with isolated 
pulmonic stenosis, the increased left-to-right shunt 
apparently being the last straw for an already over- 
burdened right ventricle, which rapidly fails. A 
specific attack on the pulmonic stenosis is the treat- 
ment of choice. 

Other malformations may be found in combina- 
tion with pulmonic stenosis, including anomalous 
pulmonary veins, atrial or ventricular septal defects, 
and patent ductus arteriosus. 

The prognosis is good in uncomplicated cases 
without cyanosis, cardiac enlargement, or electro- 
cardiographic signs of right ventricular hypertro- 
phy. When any of these findings is present, with 
sev’ere or increasing symptoms, surgical relief of the 
stenosis should be considered. In borderline cases, 
the right ventricular systolic pressure is a useful 
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the relative proportions of pulmonary blood flow 
and venous-arterial shunt. Pulmonary blood flow 
exceeds normal x-alues if there is free communication 
from the truncus to the lungs and no pulmonary 
vascular changes occur. This increased pulmonary 
blood flow, mixing wth the systemic venous returri, 
often results in an almost normal oxygen content of 
arterial blood, in spite of a large right-to-left shunt. 
The pulmonary arteries may be large, m which 
case pulmonary blood flow is opt to be high and 
C)anosis minimal early in life. At the other extreme 
tliere may he no connection of pulmonary arteries 
with tlie truncus, so that the bronchial arteries may 
provide the only pathway for blood flow to the 
lungs. Pulmonary blood flow is low and ryanosis Is 
mtense. Anatomically, this condition more doscly 
resembles the tetralogy of Fallot than the usual 
truncus arteriosus. 

In infants the roentgenogram may be diagnostic, 
with a sharp right angle between the sbclflike 
upper surface of tlie right ventricle and the aorta 
in the left anterior oblique view. With increasing 
age tills disappears, and the great right ventricular 
enlargement and absent pulmonary conus give a 
picture similar to that in Fallot’s tetralogy. 

Tetralogy of Fallot The structural anomalies In 
Fallot’s “tetralogy” are actually Uvo in number: 
ventricular septil defect and pulmonic stenosis. 
Although overriding of the aorta was originally 
considered an essential feature of tlus syndrome, 
defects of the membranous portion of the ventricular 
septum leave the aortic root in dose proximity to the 
right ventricular outflow tract even when the aorta is 
in normal position, so that the anatomic and hemo- 
dynamic fhdmgs in most cases can be explained 
without assummg dextroposition of tlie aorto. The 
right ventricular hypertrophy that completes the 
tetralogy is a consequence of the functional abnor- 
mality induced by the structural lesions. 

Fallot's tetralogy is the most common combina- 
tion of lesions which leads to early cyanosis yet 
often allows survival into adult life. Tbe stenotic 
obstruction is usually in the infundibulum or right 
ventricular outflow tract, but may be in tbe valve 
itself, or at botli sites. Dilatation of the pulmonary 
ariciy beyond the stenosis is usually not sinking. In 
some instances, there is atresia of the pulmonary 
artery, and blood reaches the lung through other 
channels, a condition sometimes confusingly re- 
ferred to as “pseudotnincus arteriosus “ A large 
nght-to-Ieft shunt is present, with cyanosis appear- 
ing either at birth or within the first two years. 
Clubbing and poljcythcmia follow at an early date. 
The pulmonic stenosis produces a characteristic 
murmur, described below, and decreased pulmonary 
vascularity. The electrocardiogram shows right ven- 
Inculat hj'pertrophy. The size of the heart nilio- 
^ logically IS usually normal, but the normal leftward 
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convexity of the pulmonary conus is missing. In 
some cases the ape.x of Ae heart is somewhat 
"tipped up” in the anteroposterior view (see Fig. 
252'IB). A right aortic arch occurs in about 23 
per cent of patients and c.in be seen to displace 
the barium-filled esophagus to the left in the antero- 
posterior view, and posteriorly in left anterior 
oblique view. 

In rare cases there may be only moderate pul- 
monic stenosis and a left-to-right shunt. Such cases 
of “atypical” or "acyanotic” tetralogy of Fallot haie 
noimd or increased pulmonary vascularity, and 
diagnosis is often difficult. 

In the typical case the diagnosis can usually be 
made clinically. These patients are more cyanotic 
than the usual case of uncomplicaled pulmonic 
stenosis and do not have the greatly enlarged heart 
of complete transposition of the great vessels or 
the enlarged, pulsating pulmonary artery of Eisen- 
menger’s complex. 

Although many patients with tetralogy of Fallot 
reach adult life, their exercise tolerance is in- 
variably limited, and very few survive beyond the 
age of thirty years. The Blalock-Taussig operation 
provides an increased blood flow to the lungs 
through an artificial ductus, relieving the cyanosis 
and dubbing and greatly increasing ability to 
exercise. 

Anomalous Origin of Coronary Arteries. This fs 
a rare malformation m which one coronary artery, 
usually the left, arises from the pulmonary artery. 
A few cases with both coronary arteries arising from 
tbe pulmonary artery have been reported. The 
combination of low coronary perfusion pressure and 
low oxygen tension seriously impairs mjocardial 
function. Severe congestive heart failure and car- 
diac enlargement appear in the first few months of 
life. Pulmonary and peripheral edema may both 
develop. The electrocardiogram shows S-T and 
T-wave abnormalities strikingly similar to those 
seen jn adults with acute myocardial infarction (see 
Fig. 252-3). Murmurs are usually absent. Differen- 
tiation from otlier rare causes of early cardiac en- 
largement without c>'anosis or murmurs, discussed 
later in this chapter, is based principally on the 
characteristic electrocardiographic changes. In sev- 
eral reported cases retrograde flow has been present 
in the vessel arising from the pulmonary artery, 
constituting in essence an arteriovenous fistula. In 
such cases Lgation of the anomalous artery has 
given relief of the myocardial ischemia. 

Malformations Which Obstruct Blood Floto 

Pulmonary Stenosis. This may involve either the 
pulmonic valve or the pulmonary infundibulum. 
Since it is often associated with other anomalies, 
the terms pure and isolated pulmonic stenosis arc 
often used to indicate the absence of complicating 
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cleft mitral IcaQct producing mitral regurgitation. Combincit right and left ventricular Iiypertropliy U indi* 
ented by the left axis dcvlallon, tall n**Vs, and tall n*V«. A double 11 waie Is present in lead V|, ultli QRS dura* 
tlon of 0.09 sec, and the P>n {nter>‘al is prolonged. (Arrows indicate t]>e peak of n>l and S)'nchronous points 
in oUwr leads.) 

C. Electrocardiogram from an Infant boy aged 4 months with anomalous origin of the left coronary artery. 
The prominent Q waves and S-T elevation In leads 1, V#, and V* are characlerlsUc of anterior myocardral >n- 
farcUon. 


blood from the pulmonary artery supplies the lower 
haU qC the body (through llva ductus) &ud the toes 
arc cj-anotic, often in contrast to tlic fingers. 

pQstductal or adult coarctation is usually located 
immediately distal to the left subclavian artery, and 
a narrowed or obliterated ductus enters the segment 
proximal to the co.irclalion. Bicuspid aortic v^ve 
is present in 25 to 40 per cent of cases, but other- 
wise the heart is normal. In rare instances, coarcta- 
tion may be in the midthoracic aorta, at the dia- 
phragm, or even in the abdomen. 

Tlie presenting signs are hypertension in the arms 
pro.ximal to the obstruction, and hypotension or 
absent pulses in the legs distal to it; by these signs 
the diagnosis is made. In llie preductal type the 
associated intracardiac defects are prominent and 
incapacitating, and the clinical picture is largely 
detDirnined by those defects. Patients with a pc»t- 
diiclal coarctation characteristically are troubled 
either early in life or a number of years later. A 
few infants develop cardiac failure because of the 
load placed upon the left ventricle, but most pa- 
tients with coarctation of the aorta weather early 
childhood without symptoms or diagnosis. Heart 
failure in an infant suggests some other lesion, not- 
ably endocardial libroelastosis, for most infants with 


coarctation dexclop collateral circulation, and hy- 
pertension is wot strvkvng untvl hte ehildhood or 
adulthood. Complaints rarely arise from diminished 
flow to the legs. 

In addition to the pathognomonic pulse and pres- 
sure gradients, there are striking pulsations in the 
neck and supraclavicular areas. Systolic murmurs 
may be heard posteriorly from the coarctation or 
anteriorly from an abnormal aortic valve, and di- 
astolic murmurs may arise from collateral circula- 
tion. Enlarged collateral vessels may bo felt in Uic 
inlerscapular and subscapul.ir areas. 

Notching of the ribs is the most characteristic 
radiologic observation, caused by dilatation and 
tortuosity of intercostal arteries carrying tlio col- 
lateral flow. A "'three sign” may be produced in 
roentgenograms of the left upper mediastinum by 
the enlarged left subclavian artery, the constrittion 
at the coarctation, and poststenotic dilatation distal 
to it. 

Tlie electrocardiogram may be normal or may 
show left a.xis deviation and signs of left ventricular 
hypertrophy. 

In addition to cardiac failure, these patients ttl- 
timately suffer cerebral accidents, rupture of the 
aorta, or other complications of hypertension. Un- 
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guide to prognosis, and systolic pressures pealer 
than 100 mm Ilg are usually an indication for op- 
eration. 

Coarctation of the Aorta. This obstructive lesion 
results from an abnormal obliteration ol the aorta 
during regression of the multiple aortic arch system 
of the embryo. Tlie common classifications are based 
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largely upon the age at death (infantile and adult) 
and on the site of coarctation in relation to the 
ductus arteriosus. The infantile or preductal type 
occurs In the aortic arch or just proximal to the 
ductus arteriosus, which is usually patent. Com- 
monly, there are other intracardiac defects which 
account for death at an early age. In most instances, 



Fic. 252-3. A. Electrocardiogram from a O-year-oM girl with pure pulmonic stenosis. TJje right ash (Icvi.ntinn 
in the limb leads, tall R waie in lead V,, and reversal of the normal precorthal transition indicate in.irkcd right 
wnlrictil.ir liyi'crlrophy. Note that prccordial leads were reewded at Inlf norma! sensitivity. 

D. niectrocardiogTam from .a S-jear-olJ boy witli an atrial septal defect (“persistent ostium pninum”) and 
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Congenital Cardiac Hypertrophy. On rare occa- 
sions, cardiac dilatation and hypertrophy, with t»n- 
gestive heart faOure, develop during the first few 
months of life, in the absence of cyanosis, thrills, 
or murmurs. In a few of these cases no clear 
etiologic factors can be discovered, even on patho* 
logic examination, and they are accurately termed 
idiopathic congenital cardiac hijpertrophtj. 

The same clinical picture may be produced by 
a variety of causes, including endocardial fibro- 
elastosis, von Gierke’s disease, nonspecific myo- 
carditis, and prolonged ectopic tachycardia. 

Endocardial fibroehslosis is a collagenous and 
elastic tissue thickening of the endocardium lining 
the heart chambers, most frequently limited to the 
left ventricle. The etiology is not known; “fetal 
endocarditis” has been suggested as a possible cause, 
but the evidence is not convincing. In some cases 
the cardiac enlargement is predominantly left ven- 
tricular, while in others the endocardial sclerosis 
appears to constrict the left ventricle and lead to 
right ventricular hypertrophy. 

Von Gierke's disease is a general metabolic dis- 
order in which glycogenolysis is impaired and intra- 
cellular deposits of glycogen are found in the liver, 
kidneys, and myocardium. Hepatomegaly, fasting 
hypoglycemia, and ketonuria ore ^aracteristic 
features. 

The diagnosis of nonspecific myocarditis is based 
on the microscopic finding of interstitial roiind-cell 
infiltration, often with small areas of necrosis or 
fibtosis, in the myocardium, in the absence of in- 
fectious or other known causes of myocarditis. 

Prolonged paroxysms of tachycardia in infants 
have occasionally been reported as a cause of 
marked cardiac enlargement and death. Although 
prominent dilatation of the ventricles can occur 
under these circumstances, it is unlikely that myo- 
cardial hypertrophy can be attributed to a pro- 
longed rapid heart rate alone. 
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ACQUIRED VALVULAR 
DISEASE OF THE 
HEART 

T. R. Harrison and 
William U. 

Those congenital malformations vvliich cause 
valvular deformity are discussed in Chap. 232. 
These include almost all instances of disease of 
the pulmonic cusps and rare disorders of the other 
thme valves. However, the great majority of aortic, 
mitral, and tricuspid lesions arc not congenital but 
acquired and arc due to rheumatic fever. Although 
this dimrdcr, which has been considered in some 
detail in a preWous chapter (p. 013), affects all 
parts of the hc.irt. Us distinclitr frature is cakutar 
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less surgical correction is carried out, 51 per cent 
of patients with this condition die before the for- 
tieth year, but a few survive to old age. 

The pathologic physiology has been of considera- 
ble interest because hj’pertcnsion in this disease is 
associated with a discrete lesion which can be sur- 
gically corrected. In addition to increased redstano: 
from the constriction and the collateral vessels, a 
renal mechanism activated by the lowered renal 
blood flow and pressure seems to contribute to this 
hypertension 

Surgical correction is indicated in most children, 
and also in adults in whom hypertension Is great or 
symptoms related to it are present. The segment 
can be excised and end-to-end suture perfonned in 
most instances, but in some cases a graft may be 
required to bridge the gap or to obtain a satisfac- 
tory lumen. 

Stenosis or Atresia of Other Valves. Congenital 
stenosis of the mitral, tricuspid, or aortic xolves Is 
uncommon. Except for the relatively early appear- 
ance of signs and symptoms as compared with their 
counterparts in rheumatic heart disease, the effects 
are similar. Tricuspid alrcsta is usually associated 
with an underdeveloped or absent right ventricle, 
atrial septal defect, and atretic pulmonary artery. 
Blood ffows from the right into the left atrium and 
left ventricle and reaches the lungs through a patent 
duetus artenosus. The right ventricular cavity is 
absent or filled with blood clot, or it communicates 
with tlie left ventricle through a v’entricular septal 
defect, but docs not function. Left axis deviation in 
the electrocardiogram results, and this finding in 
a cyanotic patient suggests either tricuspid atresia 
or single ventncle. 

Aortic atresia, extremely rare, is associated with 
a hypoplastic, nonfunctioning left ventricle, and 
frequently with mitral atresia as well. Blood flows 
from left atrium to right atrium to the lungs, and 
reaches the systemic circuit only through a patent 
ductus. Survival for more than a few weeks is rare. 
Congenital and acquired varieties of aortic stenosis, 
as well as the vigorous contractions of the aortic 
outflow tract, which mimic true stenosis are consid- 
ered on p. 1434, Chap. 253). 

Malformations tcithoul Direct Effect 
on Blood Flow 

Dextrocardia and Situs Inversus. Dextrocardia 
may occur as an exact mirror-image reversal of the 
heart within the thorax (true dextrocardia) or as 
abnormal rotation of the heart, with twisting of the 
great vessels (dextroposition or dextrorotation) of 
the heart. Situs inversus, or reversal of all the vis- 
cera, may accompany any form of dextrocardia, or 
it may occur with normal heart position. Neither 
dextrocardia nor situs inversus is of any functional 
significance in itself, but additional cardiac malfor- 
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motions are common and may be severe. Mirror- 
image dextrocardia produces an almost patho^rno- 
monic electrocardiogram in the limb leads, i.e. in- 
version of oB waves in lead I and reversal of leads 
If and III. 

Ebstein’s Anomaly. The rare anomaly of the tri- 
cuspid valve which bears this eponym consists of 
a congenital downward displacement of the vaKe 
into the right ventricle, with anomalous insertion 
of one or more valve leaflets. The malformation 
sometimes produces surprisingly little functional 
disturbance, while in other cases incompetence of 
the tricuspid valve and impaired function of the 
right ventricle produce prominent signs at an early 
age. Sudden death has often been reported. 

Although patients with Ebstein’s disease axe not 
cyanotic in infancy, they may eventually dei'clop 
right-to-left shunts through a patent foramen ovale 
The right atrium and right ventricle are then greatly 
enlarged, and the pulmonary vascularity may be 
decreased. The electrocardiogram shows tall P 
waives but no signs of ventricular hypertrophy. 
Complete right bundle branch block and parox- 
ysmal tachycardia are common. There is often s 
tricuspid apical systolic murmur, which is attnb- 
uted to incompetence of the dislocated tricuspid 
valve. 

Anomalies of the Aortic Arch. The multiple bi- 
lateral aortic arches of the embryo provide a back- 
ground for a great variety of anomalies. One of the 
commonest is a right aortic arch, in which the 
ascending aorta arches toward the right instead of 
the left. The aorta may then continue to he on the 
right in its descent, or may cross over to descend 
in the normal position Just left of the midline. In 
either case, the anomaly is of no functional signifi- 
cance. A right aortic arch may be recognized by 
its indentation of the barium-filled esophagus, since 
it impinges on the right side of the esophagus in 
the anteroposterior view, and displaces the esopha- 
gus backward in the left anterior oblique view. 

In some cases, both right and left aortie arches 
persist, forming a vascular ring. Such a ring, which 
may also result from anomalies of the subclavian or 
other arteries or from the ductus or ligamentum 
arteriosum, usually has no effect on cardiac func- 
tion, but it may produce symptoms by compression 

the esophagns or trachea. 

Anomalies of the Great Veins. Many variations 
in the structure of the superior and inferior venae 
cavae and their major branches are possible. A per- 
sistent left superior vena cava, for example, is a 
fairly common anomaly. Anomalous venae cavae 
may drain normally into the right atnum and be 
fit no functional significance, or they may drain into 
the left atrium, producing major venous-.arterial 
^unts. The course of such anomalies can usually 
be clearly outlined by angiocardiography. 
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culature (idiopathic hypertrophic subaortic steno- 
sis) is at fault. Both conditions may be associated 
with similar signs, although it has been stated that 
the murmur of the latter disorder is more apt to be 
maximal to the left of the sternum and is less well 
transmitted to the nech. The angiocardiographic 
/indings may be of differential value. 

The acquired type of subaortic stenosis is usu- 
ally seen in older persons with left ventricular hy- 
pertrophy due to any cause. It is ascribed to un- 
usually vigorous contraction of the muscles encir- 
cling the outflow tract. In most instances the pres- 
sure gradient between aorta and left ventride Is 
small and the functional stenosis is of no clinical 
significance other than the possible confusion with 
true stenosis. The muirnur is the only physical sign 
in these persons with “pseudoaortic stenosis.” Oc- 
casionally, however, there may be a thrill with the 
peripheral signs of true obstruction. In such in- 
stances cardiac catheterization \vill reveal a signifi- 
cant systolic pressure gradient, but the “pull-back” 
technique (see above) will demonstrate that it is 
below the valve and hence that surgical interven- 
tion is not indicated. 

The symptoms and management (except surgi- 
cal) of subaortic stenosis are the same as those of 
the valvular variety. 

Prognosis. The appearance of syncope on exer- 
tion or congestive failure is ominous and that of 
angina only slightly less so. Nevertheless, there are 
Individuals who may present the characteristic mur- 
mur and thrill of aortic stenosis and who survive 
svithout symptoms until their seventies or eighties. 
This must be due to the fact that there is no neces- 
sary parallelism between the signs and the degree 
of obstruction. 

Treatment. This consists of the usual precaution- 
ary measures against the development of subacute 
bacterial endocarditis and of the usual management 
of congestive failure or angina, should they occur. 
Surgical dilatation of the valve is still hazardous, 
although an operative morUxIity as low as 5 pet cent 
has been reported in some series. The decision is 
difficult because the risk is altogether too great for 
the asymptomatic patient, and it is still greater 
when disability has appeared. Yet, when symptoms 
are present, especially early congestive failure, the 
over-all outlook statistically is better with surgical 
than with medical treatment. In facing this prob- 
lem the physician may wish to recall the statement 
of Claudius, the stepfather of Hamlet, that, 

. . diseases desperate grown. 

By desperate appliance are relieved. 

Or not at all.” 

We do not believe that any patient should un- 
dergo so liazardous an operation unless preliminary 
left ventricular catheterization reveals a cross sec- 
tional orifice of 0.8 cm^ or less, as calculated from 
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the pressure gradient and the blood flow. Like- 
wise, the "pull-back” procedure (see above) should 
be used to loam whether the valve rather than the 
subvalvular outflow tract is the site of the obstruc- 
tioiL 

AORTIC INSUFnCIENCY 

Occasionally, this, defect may result from con- 
genital weakness of the root of the aorta, sometimes 
associated with aiachnodactyly ox with medial ne- 
crosis. It may likewise be produced by a congenital 
bicuspid valve, usually in conjunction with coarc- 
tation of the aorta. In practically all other instances 
up to the age of thirty, the lesion is due to rheu- 
matic fever. In the thirties and forties, the problem 
is usually one of differentiation of rheumatic from 
syphilitic aortic regurgitation, and in the late fifties 
and beyond from atherosclerotic disease of the 
aortic valves. In male patients aortic insufficiency 
may occur as an apparent complicaUon of rheuma- 
toid arthritis or rheumatoid spondylitis. Rarer 
causes of the valvular defect are bacterial endo- 
carditis, the anatomic disruption of the valve being 
one of the chief causes of mortality in this condi- 
tion even when the infection is eradicated; injury 
to the cusps by trauma; distortion of the valve bj’ 
dissecting aneutysm; stretching of the aortic ring 
In severe hypertension, producing a relative regur- 
gitation; and fenestration of the aortic cusps. 

When the lesion is advanced, dilatation carries 
the usual disadvantage of diminished pressure for 
a given degree of systolic fiber tension (p. 1406) 
but is advantageous in that it permits filling from 
the low-pressure atrium despite pronounced re- 
gurgitation from the aorta. However, when the 
volume of this backflow is very great, the left ven- 
tricular pressure during late diastole may exceed 
that in the atrium and so produce diastolic closure 
of the mitral valve. 

Symptoms and Natural History. The patient with 
aortic insufficiency usually remains asymptomatic 
for a long period. Once dyspnea on mild effort ap- 
pears, seizures of parotysmol nocturnal dyspnea arc 
common, and from this point on congestive failure 
tends to progress rapidly. 

Syncope and angina may occur but are much less 
frequent than in patients w'itb aortic stenosis. The 
reduction in coronary flow during diastole because 
of the lowered aortic pressure is compensated for 
in part by increased subepicardial flo\v during sys- 
tole (p. 33). 

Diagnosis. The first problem involves tlie detec- 
tion ol the lesion; the second is concerned with the 
recognition of its cause. The Iiigh-pUcbcd blowing 
diastolic murmur heard best at the aortic area or 
along tlic left sternal border is the cardin.al sign. 
Sometimes it can be elicited only at the end of held 



1434 SEC. 2 

deformUy, evidence of which is essential for the 
diagnosis of chronic rhciimalic heart disease. Never- 
theless, all acquired vahular distortions are not of 
rheumatic origin, and iir the following pages lesions 
due to the other causes are also considered. 

Bacterial infection may be superimposed on any 
\'alvular lesion. It is relatively uncommon when the 
valve is extremely deformed or calcihcd and espe- 
cially likely to develop upon a valve which has a 
slight impairment due to rheumalte fever. The 
simultaneous presence of murmur and fever should 
arouse the suspicion of bacterial endocarditis and 
also of an acute flare-up of tlie rheumatic process. 

The precise identification of valvular disease has 
assumed increasing importance as cardiac surgery 
has advanced. Such evaluation depends in large 
measure on the proper interpretation of heart mur- 
murs. The general principles involved have been 
discussed in Chap. 251. Here, we are concerned 
with the more practical aspects of valvular disease. 

AORTIC STENOSIS 

During the first two decades, this lesion is usually 
due to congenital abnormality of the cusps or of 
the outflow tract of the left ventricle. Between the 
ages of tliirty and fifty the usual cause is rheumatic 
fever. In elderly persons, degenerative distortion of 
the valves is ue major factor, altliough there is 
some evidence that minima! and cUnicatly un- 
detectable injury by rheumatic fever is often pres- 
ent and predisposes to these changes. At aU ages 
there is a striking predominance of males. 

Mechanism of Symptoms. The obstructive lesion 
at the aortic orifice is rarely of hemodynamic sig- 
nificance until the stenosis has reduced tlic cross- 
scctional area by 75 per cent. Eventually, this leads 
to left ventricular hypertension, with a large pres- 
sure gradient across the aortic valve. However, since 
the flow vanes with the fourth power of the radius 
and only with the first power of the pressure dif- 
ference, this is not an ideal compensatory mechan- 
ism. Thus there occurs an increasingly fixed cardiac 
output, that IS, a progressive inabili^ of the heart 
to elevate output in response to the metabolic needs 
of the body. 

Sj/ncopc on exertion occurs in 10 to 20 per cent 
of the patients, probably due to the failure of 
cardiac output to increase as peripheral resistance 
diminishes in response to muscular exertion This 
presumably leads to a sudden fall in cerebral blood 
flow and hence to loss of consciousness. This symp- 
tom has grave prognostic significance, and death 
usually occurs wathm 3 years. 

Angina pectoris develops in about one-third of 
the patients. Sometimes it may be caused by the 
not infrequent coexistence of coronary disease, but 
it may occur in tlie absence of coronary obstruction. 
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and is attributable then to the incapacity of the 
coronaries to supply a flow of blood to iii>o- 
carduim adequate to meet the demands of the hy- 
pertrophied left ventricle. Indeed, myocardial in- 
farction may ensue even wlicn the coronaries arc 
relatively normal. Sudden death occurs in 20 to 25 
per cent of cases, as it may in any Ischemic heart. 

Eventually, if the patient survives, congestive 
failure appears, becomes increasingly refractoiy to 
treatment, and death usually ensues within 2 or 3 
years. A curious phenomenon, as yet unexplaiiied. 
is the persistence of a normal or slightly clevatfd 
resting cardiac output even when the left ventricu- 
lar cnd-diastoIic pressure is elevated (left ventricu- 
lar failure). 

Signs. The classic signs of this disorder are the 
loud, rough systolic murmur, usually heard best in 
the second right interspace and transmitted into the 
neck; the corresponding thrill; the diminished or 
absent second aortic sound: the slowly rising pube 
of low volume (plateau pulse); and the preseP“ 
of calcification in tJie region of the aortic cusps as 
revealed by fluoroscopy. However, departures from 
this klealized picture arc frequent, artd unsuspected 
aortic stenosis is frequently discovered only at the 
autopsy talle. The murmur may be loudest at the 
apex and may disappear completely during congM- 
live failure, reappearing when compensation n^s 
been restored. The thrill may not be present, the 
second sound over the aortic area may be vvcH 
heard, and the character of the pulse may not can- 
form to the classic description. Finally, calcification 
of the valves is present in only half tlie patient*, 
and even then its detection depends on the skill and 
experience of the fluoroscopist. 

Left ventricular hypertrophy is indicated by the 
forceful thrust at the apex, even though definite 
cardiac enlargement is usually absent by x-ray. Tho 
electrocardiogram may display the characterbbc 
signs of left ventricular hypertrophy, and when 
coved T waves axe present and the R wave is ab- 
sent in the first tlirce precordial leads, diiTerentiH" 
lion from an old septal infarct may be difficult oi 
impossible. 

Diagnosis. Tlie several varieties of subaortic stC’ 
nosis may present physical signs which are idcob- 
cal with those ol valvular obstruction, although the 
diminution of the aortic second sound is likely t** 
be Jess pronounced. The distinction is likely to re- 
quire catlicterization of the left side of the heart* 
with careful "pull-back” observations and the dem- 
onstration that the site of tlie sj-stolic pressure 
gradient is below rather than at the valve. 

Two different types of congenital subaortic steno- 
sis have been described. Surgical treatment 
be highly successful when tlic hindrance is due 
endocardial fibrous thickening of the outflow tract, 
but has little to offer when hypertrophy of the mU*' 
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contraction, while the marked reduction in cardiac 
output and hence in flow through the very narrow 
mitral orifice reduces the intensity of the early fill- 
ing murmur and, very rarely, may even cause it to 
disappear. Howev’er, the other characteristic signs 
are hkely to be marked, and their presence should 
lead to a meticulous search for the filling rumble 
under the conditions already mentioned. As a gen- 
eral rule it is not the intensity but the duration of 
the murmur which Is the most reliable guide 1o the 
degree of stenosis. 

Pathophysiology. In the early phase, dyspnea on 
erertion due to the mechanical effect of the ob- 
struction is the outstanding symptom. The capacity 
to increase the flow through the narrowed valve is 
limited, and the increase in venous return with ex- 
ercise tends to aggravate pulmonary congestion. As 
the lesion becomes more advanced, two types of 
compensatory adjustment occur; the clinical picture 
depends in large measure upon wliich predomi- 
nates. 

Rise in pressure in the left atrium and in the 
pulmonary veins and capillaries tends to maintain 
cardiac output. However, the flow varies with the 
fourth power of tbc radius of the orifice and only 
with the first power of the pressure gradient on the 
two sides of the valve. Thus, in the presence of 
significant stenosis, a normal flow can be obtained 
only by means of a well-marked rise in atnal pres- 
sure, which leads to congestion of the lungs. Thus 
dj'spnca is progressive and pulmonary edema, oc- 
casionally fatal, may occur when venous return is 
increased by exertion or fever or ^vhen rapid atrial 
fibrillation causes further impairment of ventricular 
filling by rcducinc the duration of diastole. Recur- 
rent hcmopt)’Sis due to the development of anasto- 
motic channels between the pulmonary and bron- 
chial veins is common, hut right-sided failure may 
be absent or minimal. 

The second metliod of adjustment is by increase 
in pulmonary arteriolar resistance. This may be 
caused by structural thickening of the vessels, by 
anoxia resulting from pulmonary edema, and per- 
haps also by reflex vasoconstriction conscrjuenl to 
congestion of the lungs, although the latter mecha- 
nism is disputed. When this increase in pulmonary 
arteriolar resistance is predominant, right-sided 
heart failure occurs at a relatively early sl.igc, with 
decline in output of the right ventricle, "rtus the 
pulmonary- capillaries are protected against exces- 
sive congestion and dj-spnea may be relatively 
slight, despite the presence of the classic manifes- 
tations of right ventricular failure. Because of the 
decline in cardiac output and in flow from left 
atrium to left ventricle, the diastolic rumble may 
be faint or c%cn absent, and the opening snap may 
not be heard. It is this t^yic of patient which may 
be mistakenly thought to have primary’ pulmonary 


CHAP. 253 1437 

hj’pertension or myocarditis as the cause of the 
heart failure. 

Both types of compensation are present in most 
instances, but the extent to which one or the other 
is predominant tends to determine the outstanding 
cbnicol features. 

Natural History. Patients with mitral stenosis may 
survive for many years after the onset of heart 
failure. In this respect, the disorder resembles tri- 
cuspid stenosis but is entirely different from aortic 
lesions. The latter do not induce symptoms until 
failure of the left ventricle has occurred, but in the 
case of mitral stenosis the symptoms are duo to the 
mechanical effect of the valvular narrowing. This 
may be nonprogressive ov'cr a period of many 
years. 

Atrial fibrillation eventually occurs in the great 
majority of patients and increases markedly the 
hazard of peripheral or pulmonary embolism. In 
the absence of such complications, the arrhjtlimia 
is compatible with many years of life, provided tlie 
ventricular rate is controlled by digitalis. Even so, 
repealed, massive, and fatal pulmonary infarction 
may supervene, once right-heart failure has devel- 
oped. 

Tlie frequency of hemoptysis due to collateral 
venous channels has been mentioned. This mani- 
festation is likewise often the result of pulmonary 
infarction. 

The long-standing congestion due to mitral ste- 
nosis leads to important secondary changes in the 
lungs. Some patients develop extensive hemosidero- 
sis and a pulmonary state not unlike that resulting 
from one of the primary pneumoconioses, ^^uch 
more frequently, there is chronic bronchitis with 
winter aggravation, the symptoms becoming severe 
vvnth each minor respiratory infection. The preven- 
tion and management of such infections arc among 
the important principles of treatment. 

\\'hcn pulmonary hypertension is present, sev-erc 
pain may occur. This resembles that of angina in 
its relation to effort but is often of longer duration 
and responds poorly to nitroglycerin. It is probably 
due to reduction in the coronary flow relative to 
the needs of the hypertrophied right ventricle (p. 
34). 

Tlie thromboembolic complications have been 
mentioned. The valvTilar obstniction predisposes to 
thrombosis in the left atri'um, and systemic embo- 
lism may occur even in patients with normal 
rhythm. However, tliis complication is far more 
common in patients with long-standing atrial fibril- 
lation. Pulmonary' embolism and infaicUon are rare 
in the absence of right-sided failure but in its pres- 
ence are very common. More than onc-h.ilf the fatal 
instances display evidence of recent or old infarcts 
in the lungs. 

Bacterial endocarditis is a rare complication of 
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expiration when the patient leans fonvard. Most of 
the patients also have systolic murmurs at tire base, 
and many ha\-e them at the apex. The Austin FImt 
murmur, mimicking mitral stenosis, is frequently 
heard. The peripheral signs are also important: the 
wide pulse pressure, the water-hammer pulse, the 
collapsing pulse, the pistol-shot sound, the double 
Duroziez murmur, and the capillary pulse — all in- 
dicative of a leak from the arterial system and of a 
peripheral vasodilatation. The x-ray reseals the en- 
largement of the left ventricle, and when the lesion 
is pronounced the electrocardiogram displays evi- 
dence of left ventricular hypertrophy and "strain." 
A more reliable manifcslation of moderate left ven- 
tricular hypertrophy is the exaggerated localized 
apical thrust. 

Two conditions may be readily confused with 
aortic insufRciency. One of them, fortunately rare, 
is rupture of a sinus of Valsalva, and the other is 
patent ductus arteriosus Ho\ve\’er, careful auscul- 
tabon wiU usually enable one to distinguish be- 
tween the continuous murmur of these conditions 
and the to-and-fro basal murmur which is com- 
monly heard in patients with aortic regurgitation. 
The differentiation from pulmonic insufiidency b 
considered later. 

Tho recognition of aortic insuiHciency due to 
congenital anomalies, hypertension, or senile de- 
generabon of the cusps wiU depend in large meas- 
ure on the age of the patient and the associated 
fmdings. The common problem Is the distinction 
betsvecn rheumatic fever and syphilis os the cause. 
Althougk tills differentiation is impossible in some 
instances, certain points are likely to be of value. 

Syphilitic aortic insufficiency should be suspected 
when a middle-aged individual, usually a male 
lacking a story of rheumatic fever, presents the 
classic manifestabons of aortic rc^rgitation. Tbc 
suspicion IS strengtliened when there is a history 
of a primary lesion or of antisyphitiUc treatment 
in the past and when the serologic tests for syphilis 
are positive (they are positive in about 85 per cent 
of such cases). Tiie tambour quahty of the second 
heart sound at the aortic area is often present but 
is also heard in pabents with aortic atheroma or 
li)’pertension. Hence it is significant only when 
heard in a comparatively young patient with a 
normal blood pressure. 

Although syphilis does not produce deformity of 
the mitral valve, the dilatation of the mitral ring 
consequent to aortic regurgitation frequently causes 
an apical systolic murmur. Fvwthennore, the Austin 
Flint murmur ("relative mitral stenosis”) b fre- 
quently heard in patients with syphilitic aortic re- 
gurgitation, and tliis murmur cannot be differen- 
tiated witb certainty from the similar munmir of 
mitr.ll stenosis. Rough basal systolic mutmurs are 
commonly present, and rarely, a systolic thrill b 


fell, but oilier evidence of aortic stenosis is not 
ent-ounlcTcd. Kcncc, in an individual presenting 
aortic insufRciency, the differentiation between 
syphilitic disease involving the aorb’e valve only 
and iheiimatic disease involving either the aortic 
valv'c only, or both die aortic and mitral valves, 
cannot be made by auscultation alone. The pre^ 
cncc of chronic atria] fibrillation constitutes almost 
coriclushc evidence that the lesion is rheumatic, ns 
does the presence of peripheral signs of aortic ste- 
nosis or x-ray evidence of compression of the esoph- 
agus by an enlarged left atrium. In the absence 
of such differentia! points, the distinction between 
sypliibb’c and rheumatic disease has to be made on 
the basis of the history, the serologic reactions, etc 
Treatment. The management is essentially tliat 
of congestive heart failure plus the usual prophy- 
laxis against rlieumatic recurrence and against bac- 
terial endocarditis. Wien syplulis is the cause, an- 
liluetic therapy Is indicated but is probably of little 
value once congestive failure has appearw. Surgi- 
cal treatment is still experimental and is far l«s 
likely to be successful than for aortic stenosb. 


MITRAL STENOSIS 

This lesion is practically always the result of 
rheumatic fever. Thus the diagnosis of mitral ste- 
nosis automab’eally implies tlut the patient has 
rheumatic heart disease, even though a history of 
previous joint pains and fever con be elicited in 
only about 60 per cent of the patients. 

In die typical patient, the physical signs arc cha^ 
acterbtic: the sustained right parasternal heave of 
right ventricular hypertrophy; the loud staccato 
high-pitched “snapping” first sound, the exagger- 
ated second pulmonic sound, the short opening 
click, and the long diastolic rumble with presystolic 
intensifu^ation. The electrocardiogram displays right 
axis deviation, whicli is confirmed by fluoroscopic 
examination, which also indicates prominence of 
the left atrium with encroachment on the barium- 
filled esophagus. 

In tile early stages of the disease, die character- 
istic phenomenon, the diastolic rumble, may be du- 
ficuU to elicit. It may be heard only after exercise 
when the stethoscope is placed at the exact point 
of the apex thrust, while the patient lies on the left 
side. The murmur may' be very brief and audible 
only during the brief interval between atrial con- 
traction and the first sound or only during the earl) 
part of diastolic filling. At this stage, all the other 
signs may be absent. 

Difficulty may also be encountered when the le- 
sion is advanced. Here, the advent of atrial Ebtilla- 
lion. which is such a common complication, causes 
dbappearnnee of die rumble associated vrith atrial 
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of the problems invoh’ed may be more appropri- 
ately considered in the subsequent discussion of 
combined stenosis and insuiBciency. 

In most instances, this lesion is associated with 
a faint apical first sound which may be replaced 
entirely by the loud blowing pansystolic murmur 
extending into the axilla and even to the back. No 
opening snap is heard. The apex beat is often of 
the strong localized type indicative of left ventricu- 
lar hypertrophy. X-ray examination reveals enlarge- 
ment of the left ventricle and of the left atrium, 
and the latter chamber may exhibit systohe expan- 
sion. A huge left atrium always signifies the pres- 
ence of a significant degree of regurgitation. The 
electrocardiogram usually exhibits evidence of left 
ventricular hypertrophy, but this may be overshad- 
owed by the coexisting right ventricular enlarge- 
ment when, as occasionally occurs, there is a sec- 
ondary marked rise in pulmonary resistance. 

The distinction between mitral insuffidency and 
aortic stenosis, which sometimes produces a mur- 
mur loudest at the apex, may present difiiculty. The 
demonstration by phonocardiograms that the mur- 
mur begins before ejection is conclusive evidence 
against aortic stenosis. The leftward transmission 
of the murmur will usually differentiate mitral in- 
sufficiency from interventricular septal defect, 
which also produces a pansystolic murmur. How- 
ever, in doubtful instances this separation may re- 
quire cardiac catbetcrlaation. 

The recognition of mitral regurgitation due to a 
dilated ring (relative insufficiency) is easy when 
there is pronounced cardiac enlargement due to 
some cause other than rheumatic fever. However, 
in a patient with obvious rheumatic aortic insuffi- 
ciency and a markedly dilated left vervtiicle, the 
distinction between the organic and relative types 
of mitral insufficiency may be impossible. The late 
systolic murmur, which is so frequent in patients 
with coronary disease, is probably due to mitral 
regurgitation resulting from distortion of ischemic 
papillary muscles. It will rarely be confused with 
the blow of rheumatic mitral insufficiency because 
die latter is in most instances pansystolic, obscur- 
ing the first sound and continiung imtil very shortly 
after the second. 

Patients with slight incompetence of the mitral 
valve usually remain free of symptoms but are par- 
ticularly susceptible to the development of bacterial 
endocarditis. As the lesion becomes more severe, 
dyspnea is increasingly pronounced, and once con- 
gestive failure begins, it is likely to progress rather 
rapidly. 

The management of mitral insuffidency consists 
of prophylaxis against recurrences of rheumatic fe- 
ver (p. 918) and of bacterial endocarditis (p. 1043) 
and die treatment of these disorders or of conges- 
tive heart failure when dther occurs. The advent 


of open-heart surgery, wth the bypassing pump, 
has made practical the attempts at plastic repair of 
insufficient mitral valves. However, the hazard is 
still high and the results are rarely gratifying, 

COMBINED MITRAL STENOSIS 
AND INSUFFICIENCY 

A large percentage of patients with rheumatic 
disease of mitral valve have a combination of 
narrowing and regurgitation. However, marked in- 
sufficiency requires a large left ventricular output, 
including both the backvvard and forward flow, 
while a high degree of stenosis makes this impos- 
sible because it reduces filling. Thus one lesion or 
the other is predominant. The accurate evaluation 
of the relative significance of each is a motTfer of 
great practical importance in relation to the ques- 
tion of surgical treatment. Such evaluation may be 
very difficult by ordinary methods and may require 
catheterization of the left atrium and ventricle, 
with measurements of pressure and flow and cal- 
culation of orifice size. Observation of the effect on 
pulmonary capillary (wedge) pressure of drugs 
which alter systemic peripheral resistance may be 
helpful. Thus norepinephrine may increase the de- 
gree of regurgitation, the wedge pressure, and the 
intensity of the regurgitant murmur, whJe nitrites 
tend to have the opposite effects. 

Clinical findings, although not always decisive, 
are often of value in estimating the relative degrees 
of stenosft and insufficiency. 

Systolic Murmurs in Falients with Mitral Steno- 
sis. Aside from mitral insufficiency, there are three 
other common causes. (1) Concomitant aortic ste~ 
nosts. When this lesion coexists, the additional signs 
are similar to those of aortic stenosis alone except 
that the diminished floiv into the left ventricle may 
reduce the intensity of the ejection murmur. The 
demonstration by phonocardiographic means, that 
the systolic mumiur does not start until ejection, 
will usually separate it from that due to mitral in- 
sufficiency, (2) Ejection murmurs into a dilated 
pulmonary artery occur in most patients with mi- 
tral stenosis and may occasionally be as loud as 
grade IV. The absence of left ventricular hyper- 
trophy and the observation that the intensity is 
greatest in the left upper interspaces will usually 
distinguish this murmur from others. Occasionally, 
the separation from aortic stenosis may require left- 
sided catheterization, with measurement of flow 
and pressure gradient and calculation of the size 
of the aortic orifice. (3) The murmur of tricuspid 
insufficiency, whether due to structural distortion 
of the valves or dilatation of the ring, resembles 
that of mitral insufficiency in being pansj’stolic. 
Hovi’cver, it is likely to be loudest in the lower left 
parasternal region and tends to be transmitted to 
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mitral stenosis. It is more likely to affect the less 
scN'crely damaged valves. 

Diagnosis. The most characteristic phenomenon 
of mitral stenosis, the diastolic rumble, may be due 
to other causes. Thus the Austin Flint murmur is 
often encountered in patients \vith free aortic re- 
gurgitation, ev'en though the mitral valve is nonnal. 
This rumble is presumably due to displacement of 
the aortic cusp of the mitral valve and its vibration 
bebveen the forward stream of blood from the 
atrium and the regurgitating blood from the aorta. 

^\’hen the diastolic flow tlirough the mitral valve 
is greatly increased, as in patients ^vitb patent duc- 
tus arteriosus or in those with outspoken mitral in- 
sufBciency, a diastolic rumble may occur even 
though the cusps are normal. In such instances 
there is relative stenosis, in terms of the size of 
the valve orifice as compared to the flow through 
it. Relative tricuspid stenosis with a diastolic rum- 
ble may occur when, because of atrial septal defect, 
right ventricular filling is markedly increased. Struc- 
tural tricuspid stenosis is almost alwaj-s of rheu- 
matic origin and associated with mitral stenosis. 
Atrial myxoma (p. 1465) is a rare cause of a dias- 
tolic rumble. Its preoperative distinction from mitral 
stenosis may be possible only by means of the an- 
giocardiogram. 

Those several conditions which mimic mitral ste- 
nosis by causing o diastolic rumble may be recog- 
nized by the signs of the basic disorder and, with 
the exception of tricuspid stenosis, by the absence 
of an audible opening snap. Unlike mitral stenosis, 
they do not cause prolongation of the time elapsing 
bet%veen the onset of excitation and the beginning 
of the first heart sound (Q-S| time). 

As has been mentioned, the intensity of the mi- 
tral stenotic murmur is related not only to the de- 
gree of narrowing but also to the rate of flow 
through the orifice. Occasionally, svhen cardiac out- 
put is markedly decreased, there may be no audible 
rumble, despite a high degree of obstruction. The 
absence of a rumble has also been noted in associa- 
tion with large thrombi in the left atrium. Thus in 
a patient — usually a young woman — wth a rheu- 
matic history, severe heart failure, and no murmur, 
the slight hazard of left-sided cardiac catheteriza- 
tion, with measurement of the atrioventricular pres- 
sure gradient and of cardiac output, is justifiable. 
Unless this information, which allows a reasonably 
accurate calculation of the size of the onSce, is 
obtained one will occasionally overlook a surgically 
treatable obstruction. 

Tlie so-called primary pulmonary hypertension is, 
like mitral stenosis, usually a disease of young 
women (p. 1538). The patients may exhibit a pre- 
systolic gallop and a split first sound. These atis- 
cultalorj' phenomena may mimic closely the pre- 
systolic rumble of mitral stenosis. Both disorders 
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are commonly associated with clinical and electro- 
cardiographic evidence of right ventricular hyper- 
trophy. However, the shape of the atrial complex 
is usually different, the P wave being broad and 
notched in patients with mitral stenosis, and nar- 
Knv and spiked (P-puImonale) in those with pri- 
mary pulmonary hypertension. ^Vhen doubt exists 
there is indication for right-heart catheterization 
svith measurement of pulmonary capilljsy 
(wedge) pressure, which remains normal in pa- 
tients avitb pulmonary hypertension but is elevated 
in the presence of hemodynamically significant mi- 
tral stenosis. 

Treatment. Surgical treatment will be discussed 
later. The medical management consists of prophy- 
bris a^inst rheumatic recurrences (p. 018), the 
pres'ention of thromboembolic episodes, control of 
atrial fibrillation, and treatment of congestive heart 
failure (p. 1385) . Although these conditions are dis- 
cussed in detail in other chapters, certain points 
may be emphasized here. 

The presence of a normal resting heart rate in a 
patient xvith atrial fibrillation ancf mitral stenosis 
does not invariably mean adequate digitalization. 
It is essentia] to be certain that slight exertion does 
not provoke undue tachycardia. Periodic augmenta- 
tion of a standard maintenance dose of digitalis is 
usually necessary to ensure optimal digitalization 
(p. 1387). 

The attempt to reestablish sinus rhythm is rarely 
permanently successful when atrial fibrillation is 
due to tight mitral stenosis. Following surgical wid- 
ening of the valve, the likelihood of success is 
greater. \\’hen fibrillation persists, permanent an- 
ticoagulant therapy is desirable in order to reduce 
the hazard of the serious thromboembolic compli- 
cations. 


MITRAL INSUFFICIENCY 

This lesion is occasionally of congenital origin, 
being associated with a low interatrial or high in- 
terventncular septal defect. Coronaiy disease is a 
not infrequent cause, and in such an instance the 
murmur is usually in late systole and may appear 
during anginal attacks and vanish as the pain sub- 
sides (p. 1412). Marked dilatation of the left ven- 
tricle from any cause may produce relative mitral 
insufficiency because of dilatation of the mitral ring, 
the murmur diminishing as improsement occurs 
Bacterial endocarditis is a rare primary factor but 
frequently causes a previously damaged valve to 
become more incompetent. However, in the absence 
of marked left ventricular enlargement or of obvi- 
ous coronaiy disease, rheumatic fever is by far the 
most frequent ctiologic factor. 

The following description of uncomplicated mi- 
tral insufficiency will be relatively brief, as many 
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s)stolic varfet)’ and caused by tricuspid insuffi- 
ciency, they do not mihtate against sui^ical treat- 
ment. However, ejection murmurs of aortic stenosis 
or pansystolic murmurs of mitral ir\sufficiency, while 
not necessarily constituting contraindications, indi- 
cate increased hazard and lesser hkelthood of ben- 
efit than is the case with mitral stenosis alone. 

A diastolic blow associated with the peripheral 
signs of aortic insufficiency is a contraindication. 
In the absence of the latter signs, such a blow may 
signify a slight degree of aortic regurgitation, which 
reduces the chances of a good result, or the Graham 
Steel! murmur of lelatis’e pulmonic insufficiency, 
which constitutes an additional reason for the op- 
eration. If such a blow is audible to the ri^t of 
the sternum, it probably indicates aortic repirgita- 
tion. However, either condition may produce a di- 
astolic murmur, loudest in the left third or fourth 
interspace at the sternal margin, and in the absence 
of peripheral signs the distinction between the 
Craliam Steell murmur and minimal aortic regurgi- 
tation may be impossible. 

Either bacterial endocarditis or an acute rheu- 
matic flaie-up precludes operation until these com- 
plications have been thoroughly controlled. How- 
ever, low-grade smoldering rheumatic activity is not 
necessarily a compelling reason for deferring surgi- 
cal treatment. 

The operation may be done at any age, but the 
chances of restenosis due to recurrent rheumatic 
fever are greater in those under the age of thirty- 
Thus the ideal patient for operation is aged thirty 
to forty-five, with progressive exertional dyspnea 
which is beginning to interfere with normal activ- 
ity, with a prolonged diastolic nimble and no other 
murmurs, and with clinical, electrocardiographic, 
or radiologic evidence of right ventricular hyper- 
trophy but little or no increase in the transverse 
diameter of the heart If, m addition, there is a his- 
tory of hemoptysis, of attacks of pulmonary edema, 
or of systemic embolism in such an individual, op- 
eration is almost imperative. 

It should be emphasized again that in doubtful 
instances right-sided catheterization, with measure- 
ments of the wedge pressure, may be necessary to 
distinguish mitral stenosis from pulmonary hyper- 
tension consequent to disease of the lungs or to 
embolism. The same procedure will also identify 
atrial shunts as the cause of flow rumbles. Cathe- 
terization of the left chambers will occasionally be 
needed to evaluate the relative degrees of stenosis 
and insufficiency of the mitral valv’e and to decide 
whether a coexisting aortic stenosis is of any' real 
mechanical sigruficance. 

In patients with evidence of previous systemic or 
pulmonary embolism, and in persons with long- 
standing atrial fibrillation, operation should be pre- 
ceded by several weeks of anticoagulant therapy. 
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Neither an age beyond fifty-five nor advanced 
heart failure is a contraindication, provided one is 
satisfied that mitral stenosis is the sole or chief 
cause of the symptoms. However, the operative 
hazard is much greater in patients with severe heart 
failure. A previous acute pericarditis does not pre- 
clude operation, although adhesions resulting from 
it may add to the technical difficulty. Knowledge 
from long-term observation that the signs of mitral 
stenosis are of recent origin is a contraindication 
because there is a possibility that the rumble is a 
result of edema of the valves and that the stenotic 
lesion may disappear vvith time and with treatment 
of the rheumatic process. 

Surgical treatment may be instituted during preg- 
nancy but, in general, the procedure should be 
postponed until after delivery. 

The operative hazard naturally varies with the 
stage of the disease. In e.xperienced hands it is less 
than 1 per cent in those patients (class 11) who 
have no symptoms except everb’onal dyspnea. It is 
relatively low even in persons (class III) who 
have had early congestive failure, with mild symp- 
toms at rest. The formerly high mortality fox pa- 
tients with advanced failure (class IV) is steadily 
dedining. 

Opinions diifer as to the long-range results. In 
the experience of the writers, improvement has been 
striking in many instances, and is sufficient to lus- 
Ufy the procedure in most of the others. Failure 
to improve has usually occurred only in individuals 
who have presented one or more of tlic contraindi- 
cations already discussed, in those who have had 
mitral insufficiency produced by the procedure, or 
in those in whom extensive calcification prevented 
adequate dilatation of the valve Restenosis, requir- 
ing a second operation, has been very rare in pa- 
tients beyond the age of thirty-five but has occa- 
sionally occurred in younger patients. 

Types of Chest Pain Following Operation. The 
multiplicity of painful s>mdromes winch may be 
observed has been a source of considerable confu- 
sion. The foUovving clinical pictures may occur 
singly or in various combinations. 

Nonrecurrent pain in the earhj postoperative pe- 
riod arising in the pericordium, the pleura, or the 
wound. This type of discomfort is regularly ob- 
serx-ed during the first few postoperative da)S and 
may endure for several weeks. It is someb'mes as- 
sociated with a pericardial or pleural friction rub 
and usually appears to be related to a sanguinoiis 
or serofibrinous reaction of these membranes to in- 
juiy. Since a similar disorder of the pleura — but 
not of the pericardium — may follow noncardiac 
thonicotonues, it is clear that this sjTidrome is not 
related specifically to the heart. 

Repeated episodes of fever associated with peri- 
carditis and/or pleuritis (the “postcommissurotomj/ 
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atrium may occur with cillicr insufiicicricy or ste- 
nosis. However, either extreme enlargement or 
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this lesion is of congenital origin, except for the 
unusual instances in which it occurs nnth malignant 
carcinoid, practically always with liver metastases. 

Certain other aspects of chronic \al\Tilar disease 
of the heart are considered in the chapter dealing 
with congenital disorders. 
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ISCHEMIC HEART 
DISEASE (Angina Pectoris 
and Myocardial Infarction) 
William H. Resnife and 
T. n. Harrison 

The specific and distinguishing feature of is- 
chemic heart disease is pain due to oxygen defi- 
ciency in the myocardium (Chap. 5). The clini- 
cal picture depends on whether this deficiency is 
permanent, complete, and accompanied by necrosis 
of muscle fibers (myocardial infarction) or teinpo- 
raiy, relative, and xviihout concomitant evidence of 
such destruction (angina pectoris). Both Ij’pcs of 
myocardial hypoxia are accompanied by a tendency 
toward sudden death. This is due to ventricular 
ribnllation, which can be induced in animals hy 
experimental procedures which cause a large o:^- 
gen gradient bct\s-ccn adjacent normal and ischemic 
.areas. 
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Congestive heart failure is a frequent but much 
less specific complication of ischemic heart disease. 
It may set in abruptly following myocardial infarc- 
tion, or may appear gradually over a period of 
months or years. When there is a story of the typi- 
cal anginal pain, coronary disease is readily identi- 
fied as the cause of the heart failure. However, 
when pam is absent, the recognition of ischemic 
heart disease is likely to be ddEcuU and may be 
impossible. 

The problem of diagnosis in the elderly patient 
with nonvalvular normotensive heart disease and 
failure has long been a difficult one. Disregarding 
those rare instances due to disorders such as amy- 
loid, scleroderma, Fiedlers myocarditis, etc., a high 
percentage of the remainder wall be found at au- 
topsy to liave moderate to severe coronai}' sclerosis. 
However, this is often no more advanced than that 
seen in other elderly persons who had been free 
of clinical evidence of disease and have succumbed 
to unrelated disorders. Thus in the absence of clear 
evidence of a critical diminution of coron.iry floxv, 
either by the presence of infarctional scars or 
through a previous clinical history of angina or 
infarction, Uie relationship be^veen the coronaiy 
disease and the heart failure must be uncertain. 
The appUcaiion of the term “arteriosclerotic heart 
disease" to such patients is unjustifiable. It is pref- 
erable to speak of "heart disease and failure of 
undetermined origin,” Senile heart disease (Dock’s 
presbycardia, p. 1378) clone, as the cause of heart 
failure, must be quite rare. Nevertheless, we do not 
believe that the concept of the aging myocardium 
as a frequent contributory cause of failure can be 
in doubt 

It is because of these considerations that we 
believe the term “arteriosclerotic heart disease" is 
misleading and should be discarded. "Coronary 
disease" is preferable but, by definition, includes 
the large number of insignificant atheromas found 
at autopsy. However, the term "ischemic heart 
disease," which is already widely used in Britain, is 
free from those objections because it implies a dis- 
turbanw of funcb'on and that is what the physician 
can diagnose and treat. 

Disease of Uie coronary arteries is the single 
most important cause of death m the United States. 
In men, atheroma begins in jxiuth and occasionally 
produces its characteristic clinical effects in the 
third or fourth decades. More commonly, the 
process remains asymptomatic until after the age of 
forty in men, and until after fifty-five in women, 
who lose their remarkable immunity after llie meno- 
pause. 

Tlic symptoms of coronary atheroma arc due not 
to the intimal roughening but to the ischemia 
caused by the commonly associated narrowing. 
MTicn the lumen is not compromised, the process 
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syndrome”). These attacks may recur for 6 to 18 
months or, rarely, over a period of several years. 
An identical syndrome may follow myocardial in- 
farction (p. 1454) or cardiac trauma, whether of 
the penetrating or nonpenetrating type. Therefore, 
the term poslcardtac injury syndrome is perhaps 
the most suitable designation. This disorfer, of 
which pericarditis is usually the outstanding maoi- 
Icstation, is considered in more detail in Chap. 
256. 

Coincidental reactication of rheumatic fever. 
This is rare, and there is no proof that it is a result 
of the operative procedure. When it does occur, the 
rheumatic pericarditis, pleuritis, or possible myosi- 
tis may produce a clinical picture which, except for 
the elevated antistreptolysin titer, is indistinguish- 
able from the postcardiac injury syndrome. The 
differentiation is of prognostic import because of 
the greater likelihood of restenosis following rheu- 
matic recrudescence. 

Chest loall pain following injury to intercostal 
nerves. The anatomic relationship of these nerves 
to Ihe ribs renders them especially susceptible to 
injury by retractors during the operation. A cau- 
salgic syndrome may result and produce trouble- 
some pain (without fever, pleuritis, or pericarditis), 
whlcli may endure for months. Tlie occasional co- 
existence of this disorder with the postcardiac in- 
jury syndrome is one of the factors which has de- 
layed the clanffcation of these several painful con- 
ditions. 

lUGIIT-SIDED VALVULAR LESIONS 

Tricuspid Stenosis. This lesion occurs in 3 or 4 
per cent of all instances of mitral stenosis. The 
diagnosis should be suspected when intTOctablc but 
noDpTOgressive right-sjdcd heart hilore is present 
for years, with little or no dyspnea or orthopnea, 
and when the physical signs of pulmonary hyper- 
tension (prccordial systolic lift, accentuated second 
pulmonic sound, and electrocardiographic evidence 
of right ventricular hypertrophy) are slight. Ascites 
is sometimes a prominent feature, as is also some 
degree of icterus due to persistent congestion and 
fibrosis of the liver. A diastolic or presystolic mur- 
mur, increased by inspiration (p 1410), may be 
heard in the tricuspid area. X-ray reveals conspicu- 
ous dilatation of the right atrium, without enlarge- 
ment of the pulmonary artery, and the lung fields 
are cliaracterutically clear. 

This clinical picture represents the result of a 
mal.ady whose pieponderant effect is an obstruction 
of the tricuspid orifice. However, tricuspid stenosis 
occurs almost invariably in conjunction with other 
valvular lesions, notably mitral stenosis, and the 
clinical phenomena of "pure” tncuspid stenosis are 
-s^nccessarily modified by the hemodynamic conse- 
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quence of these other valvular lesions Thus pul- 
monaiy congestion, witli dyspnea on exertion, may 
be a prominent feature even though tricuspid ste- 
nosis is present. In practice, diagnosis of the latter 
lesion IS difficult and frequently missed. The only 
certain method of establishing it is by cardiac 
catheterization ami demonstrating a distinct dias- 
tolic pressure gradient between right atrium and 
ventricle. When such a finding exists in a patient 
with mitral stenosis, both valves may be widened 
at the same opcr.ation. 

Tricuspid Insufficiency. This lesion may be due 
to congenital displacement of the tricuspid valie 
(Ebstein's disease, p. 1432), Organic tricuspid In- 
sufficiency may also be present when associated 
with a tricuspid stenosis of rheumatic origin. Ho\v. 
ever, the usual cause for this valvular defect is 
functional: stretching of the tricuspid ring and im- 
perfect closure of the leaflets due to right ventricu- 
lar failure, commonly secondary to left-sided fail- 
ure. YVhen tricuspid stenosis can be diagnosed with 
assurance, a coexistent organic insufficiency of the 
valve may be suspected when there is pronounced 
systolic pulsation of the neck veins and an expansile 
systolic pulsation of the liver, detennined by bi- 
manual palpation. 

Mabgnant carcinoid is a rare cause of deformity 
of the tricuspid vah-e. 

rulmonic Insufficiency. Organic disease of the 
pulmonary %’al\e is practically never of rheumatic 
origin. However, functional pulmonary fnsuS- 
ciency, with a Graham Steell murmur, is common 
in patients with mitral stenosis and congenital heart 
disease, that is, in any condition characterized by 
n marked cIe\’ation of pressure in the pulmon.niy 
artery. The Graham Steell murmur is nearly al\^a)s 
faint (grade 1 to 2) and is usually heard best in 
the left second and third interspaces. Differentia- 
tion of this murmur from the faint murmur of 
aortic insufficiency is difficult or impossible unless 
the peripheral signs of aortic insufficiency are so 
pronounced as to make the existence of foe latter 
lesion certain. In the presence of aortic incompe- 
tence and a condition causing pulmonary hyperten- 
sion, the coexistence of a Graham Steell murmur is 
impossible to ascertain and is not of much impor- 
tance. 

Experimental studies on dogs have shown fo^it 
pulmonary insufficiency per se is well tolerated 
Howev'er, the pulmonary hypertension responsible 
for the functional leakage through the vaJve is a 
serious disorder and. when associated with left-to- 
righl shunts of congenital origin, adds materially 
to the operative hazard (p. 1417). On the other 
hand, pulmonary hypertension secondary to mitral 
stenosis is not a contraindication to operation. 

Pulmonic Stenosis. Pulmonic stenosis due to 
rheumatic fes'er is also a rarity. Almost invariably 
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to two interpretations. It may be that some persons 
ore particularly susccptsble to the reflex coronary 
constriction known to occur with the distention of 
abdominal viscera. On the other band, it is possible 
that in such patients increased cardiac output dur- 
ing digestion, not attended by a decline in periph- 
eral resistance such as occurs during exerdse» may 
impose a load on the heart after eating that is 
greater than occurs during slow walking. 

Some patients experience their initial attacks 
only on assuming the recumbent position, especially 
on retiring; only later does the angina of effort ap- 
pear. In other patients, typical angina appears nof 
miring the exertion but immediately after. In some 
of these individuals postural hypotension is present, 
and the postexertional fall in mean aortic pres- 
sure may be sufficient to reduce coronary flow to 
the point where myocardial hypoxia and anginal 
pain at rest appear. This is partictilarly likely to 
happen in persons receiving ganglionic blocking 
drugs for the treatment of hypotension. 

The location of the anginal pain may differ from 
the usual site and offer some difficulty of interpreta- 
tion. Radiation into the neck and to the angles of 
the lower jaw is not uncommon, and the pain may 
be felt only there. In some cases, the pain may be 
experienced only in the back of the neck at about 
the level of the lower cervical vertebras, or in the 
interscapukr space, or in the left shoulder (p. 18). 

Finally, many patients do not "perish imme- 
diately.’ 

Diagnosis. The cardinal clinical characteristics of 
angina are the steady unwavering chest pain that 
appears on exertion and that begins to subside 
promptly on resting. When such history is obtained 
and, in addition, there is unquestionabfe and rapid 
relief of pain, or increased exercise tolerance, after 
the sublingual administration of an adequate dose 
of glyceryl trintlrate (nitroglycerin), the diagnosis 
may be considered established, regardless of the 
outcome of all other forms of examination. 

Diagnostic difficulties may arise from sex'eral 
sources. The patient may be unable to recall 
whether his pain was related to exertion; or he may 
be unable to say whether the "tightness" in his chest 
represents pain or dyspnea. Because the pain may 
not be described as constrictive or because it ap- 
pears in an unusual location, the physician may not 
consider angina as a possibility and hence may fail 
to ascertain the influence of exercise. 

the patient suffers from the classic exer- 
tional angina and later e.xperiences a similar pain 
at rest, there is usually no problem in recognizing 
the nature of the rest pain. It is when angina at 
rest appears as the initial symptom that the diag- 
nosis may be obscure, for other conditions such as 
hiatal hernia, gallbladder disease, and esophageal 
spasm may simulate every feature of angina pec- 
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toris, aside from the characteristic relationship to 
exertion and the dramatic response to nitroglycerin 
Careful study of these instances of angina at rest 
will sometimes uncover precipitating factors such 
as emotional strain, paro.xysmaI tachycardia, h)po- 
glycemia, paroxj'sms of hypertension due to pheo- 
chromocytoma, or mild congestive failure with 
edema. Since even strenuous exertion may fail to 
induce an attack in an occasional patient, and since 
it rnay not be possible to secure an electrocardio- 
gram during a bout of pain, the influence of nitro- 
glycerin may constitute the sole evidence on which 
a somewhat equivocal diagnosis may he made. As 
is true for all such pains at rest, investigations must 
be made to exclude actual myocardial infarction, or 
liiatal hernia, gallbladder disease, etc. (p. 1454). 
However, the discovery of one of these abdominal 
disorders does not ipso focio prove that it was the 
cause of the pain. 

Rarely, a skeletal pain arising in the chest wall or 
shoulder may seem at first glance to represent an- 
ginal pain, for the increased movements of the 
thoracic cage or the swinging of the arms during 
exertion may enhance pain arising from these struc- 
tures. However, the character of the pain and the 
presence of tender areas in the chest wall or 
shoulder should clarify the nature of the pain 
without much difficulty. ' • 

The greatest difficulty arises with those patients 
who have not only angina but abo some less serious 
cause of pain which is in the same genera] area 
and has a similar quality. At least a third of the 
patients with angina have one or more additional 
types of chest pain. The innocent cause, which is 
usually of skeletal origin, is then confused with the 
serious disease unless the patient is subjected to the 
most careful study (p. 37). 

The physical examination is only occasionally 
helpful in the diagnosis of angina. The finding of 
aortic stenosis, or of ectopic tachycardia, or of a 
late systolic apical murmur (p. 1412) makes it 
probable but not certain that an accompanying 
chest pain is of anginal nature. If the patient is 
seen during an attack, an apical or precordial bulge 
may be felt in about a fifth of the subjects. How- 
ever, this may be due to some other cause, such as 
a previous infarction, and is significant in the diag- 
nosis of angina only if it vanishes as the pain dis- 
appears. 

The ojmmon tendency to place a large emphasis 
on the resting electrocardiogram leads to serious 
errors in both directions. Misplaced precordial elec- 
trodes may give a mistaken impression that the 
record has changed (Fig. 254-1). Patients who, 
having had a myocardial infarction, have made a 
complete clinical recovery usually exhibit abnoimal 
resting records and often have innocent chest pain.^ 
arising in the skeletal tissues. This may be confii ' 
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cannot be detected. However, a roughened vessel, 
not previously narrow, may be the site of tbrombm 
formation. TTierefore, coronarj- thrombosis, mj-o- 
cardial infarction, and even sudden death may 
occasionally occur wthout previous symptoms. 
\Wien symptoms do occur, they depend not di- 
rectly on the degree of n.irrowing of the main 
artenes but rather on the balance between the 
progression of this narrowing and the rate at whfeJi 
collateral channels develop. 

Etiologic Considerations. The usual cause of 
ischemic heart disease is atheromatous narrowing of 
the coronar)’ arteries. The role of dietary and other 
factors in producing such changes has been dis- 
cussed in some detail in Chap. 240. 

Much less commonly, the coronary arteries may 
be compromised at their orifices by luetic aortitis 
or by dissecting aneurysm or affected by arteritis 
or embolism. The myocardial orygen supply may 
also be impaired by congenital anomalies such as 
the origin of one main branch from the pulmonary 
artery or a congenital fistula beriveen n coronary 
artery and a cardiac vein. However, disease of the 
aortic valves (p. 33), and especially stenosis, is 
the commonest cause, other than atheroma, of mj-o- 
cardial ischemia. 

Conditions vvlrich impose a pressure load on the 
right ventricle may lead to pain which apparently 
arises in the w.'ill of this chamber, os the result of 
its increased need for oxygen and the impairment 
of the normally great systolic flow to it (p. 34). 

Ectopic tachycardia frequently Induces anginal 
pain in older persons and may even do so in young 
patients who present no detectable evidence of 
structural disease of the coronary arteries. 

Diffuse, nonischemic myocardial disease has oc- 
casionally been reported as being assoaated with 
anginal pain. Presumably, this is due to involve- 
ment of the sensory nerve fibers in the myocardium. 

Aside from these several anatomic diso^ers, there 
are various other conditions which tend cither to 
reduce coronary flow or to increase myocardial 
oxygen need. Paroxysmal tachycardia has already 
been mentioned. Anemia, thyrotoxicosis, and hyper- 
tension arc rarely if ever primary causes of angina, 
but frequently aggravate it. In persons with coro- 
nary disease the attacks are often induced by emo- 
tion, eating, cold, or hypoglycemia. Physic.il esertion 
h.as n t'vofold effect. It increases cardiac work and 
hence is the commonest precipitating cause of 
attacks Hou'cver, it also tends to promote the 
development of collateral circulation through the 
smaller coronary channels. There is evidence (p. 
1443) that minimal exercise which is one-half or 
less of that required to produce pain may actually 
improve the myocardial contraction, while effort 
sufficient to cause pain has the reverse effect. This 
apparent par.i(lox, which was mentioned by William 


Heberdcn in hts initial description of angina pe^ 
toris, can be readily explained if one assumes that 
the milder exercise causes greater increase in coro- 
nary flow than in cardiac oxygen need, while In the 
presence of narrowed vesseb the more strenuous 
effort has the reverse effect. 

Many patients h.nve attacks of angina appearing 
during recumbency and especially during sleep Oc- 
casionally, these are precipitated by reabsorption 
of edema fluid from the legs as the result of the 
recumbent position, and in sudi an instance diuretic 
drugs may prevent the seizures. More commonly, 
the cause of the nocturnal attacks cannot be estab- 
lished. Various hemodynamic factors such as in- 
creased cardiac output in the horizontal position, 
higher recumbent blood pressure (in subjects with 
postural hypotension), carotid sinus effects, and in 
the left lateral position, tlie higher level of the 
orifice of the coronary sinus as compared to the 
arterial ostia have been proposed, but none h^s 
been clearly demonstrated to constitute the re- 
sponsible mechanism, 

ANGINA PECTORIS 

Clinical Pietiue. The majority of patients with 
angina pectoris have pain that conforms closely to 
the classic pattern originally described so vivid)/ 
and precisely by William Hebetden in 1768. He 
pointed out that the subjects of the malady are 
more commonly men past their fiftieth year; thtl 
they are seized while walking, especially if uphiH. 
and soon after eatine, witli a painful, stianghng 
sensation behind the oreaslbonc; the moment they 
stand still, tlie pain begins to subside. He also 
pointed out that the p.iin often extends into the 
left arm. Finally, he was famUiar with the remark- 
able terrmnation of the disntdert "For if no accident 
Intervenes, but the disease go on to its height, the 
patients all suddenly fall down and perish irO' 
mediately." 

Il is important to emphasise that the anginal pfl"’ 
is steadij, and its unwavering iitiality is more 
portant than the adjective that the patient uses to 
describe it. It Is not influenced by breathing, swoh 
lowing, or liofsting or turning of the body or arms- 

The deviab’ons from this pattern are frequent 
enough so that some of tlie more important onM 
deserve mention The patient may insist the pain is 
**bummg,’’ not constrictive. It is not uncommon for 
angina] pain to be attributed to indigestion because 
it occurs after eating, but in the majority of siiC'* 
cases, the p.ain is actually precipitated by exercise 
which happens to be taken after a mc.il. In a sma'* 
group of patients, it occurs after a meal, even 
though the patient remains completely at rest- 
Indeed, in some of these iiulividu.vls, angin.v 
effort may be absent. This unusual bch.wior is opC” 
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alterations, \vhicli are identical with those com- 
monly observed during the early phase of rojo- 
cardial infarction (“current of injury*"), have been 
produced in dogs by the temporary occlusion of a 
main coronary branch. It is, tlierefore, probable that 
when seen in man these reciprocal changes indicate 
predominancy of a single large area of ischemia 
rather than ^e effects of multiple smaller patches. 

The administration of potassium salts may be of 
value in the differentiation ol T-wave inversions 
of innocent origin (anxiety, hyperv-entilation, car- 
bohydrate ingestion, etc.) from somewhat similar 
inversions due to ischemia. Only in the former 
group is complete abolition of the inversion in all 
leads hkely to occur. 

It is essential io bear in mind that the physical 
examination and resting electrocardiogram can 
never establish the diagnosis of angina pectoris. All 
that they can do is to provide information indicat- 
ing that a cardiac disorder that cotild cause myo- 
cardial ischemia is present. Except when the post- 
exertional electrocardiogram is characteristic or 
when one may secure an electrocardiographic trac- 
ing during an attack of spontaneous pain, the diag- 
nosis of angina must rest on the history and the 
response to drugs. It should be reemphasized that 
anginal pain is practically always rapidly and com- 
pletely relieved by nitroglycerin, provided the dose 
taken is suiBcient to produce headache and/or 
flush. The use of old tablets which have deteriorated 
because of exposure to light is a common source of 
error. Direct observation of the response to effort 
and to nitrites will usually prove to be the mast 
valuable method of diagnosis when the story is 
confusing. 

Prognosis. Prognosis is more uncertain in this 
disorder than in any other chionic disease. Occa- 
sionally, a patient may suffer from angina for a 
period of tune, following which the pain may dis- 
appear permanently, even with strenuous activity; 
presumably, completely compensatory collaterals to 
the previously ischemic area ha\’e developed. In 
others, the severity of the angina may wax and 
wane over periods of time, depending on the race 
between the growth of collaterals and the progres- 
sion of obstructive lesions. Angina may di^ppear 
after an infarction; or, frequently, it becomes worse 
than it had been before. An important peunt to 
remember is that, even in patients with infrequent 
and mild attacks of angina, sudden death is aWa)’s 
a possibility. The other ertreme is illustrated by n 
patient We have personally observed who sursived 
for fortj’-cight years after the diagnosis u'as made 
by William Osier. 

Tlicrc is a long tradition tli.it angina disappears 
w’ilh the onset of congestive failure. This is ccr- 
tainh- not alwaj-s true and, when it occurs, is pre- 
sumably due to the obligator)’ restriction of activity 



Fig. 254-3. This 32-year-old man had been rejected for 
insurance because of tlie inverted T waves in the pre- 
cordial leads. These had been interpreted as csidcnce 
of coronary disease. Tlic history, physical examination, 
and flaoroscopio study revealed no evidence of cardiac 
disease. The patient was able to perform vigorous and 
even violent exercise without any symptoms pointing 
toward cardiac disease. 

Four years previously his sternum had been frac- 
tured by impact against the steering wheel in an auto- 
mobile accident. The electrocardiographic clianges il- 
lustrated are bebeved to have resulted from a contusion 
of die heart and are not considered to have any clinical 
significance. The record illustrates tlie fallacy of plac- 
ing predominant emphasis upon the electrocardio- 
graphic rather than on the clinical findings. 

and not to any inherent incompatibility between the 
mechamstn of congestive failure and of anginal pain. 

Treatment. Aside from relief of discomfort, the 
therapy is aimed at tlie promotion of collateral 
circulation and at prevention of further atheroma- 
tous deposit and of live common complications, 
which are myocardial infarction, congestive heart 


. S-T segment depression dOe to onxiety 



Fig. 254^. Tills man was rejected by the draft Ijoard 
because of a munnur. Since then he has suffered from 
a clironic anxiety st.ate. Tliis type of depressed S*T 
junction with an S-T scqinent rising to the base line 
may be seen in some licallhy persons following exenhe 
and/or tachj'cardia. If his no significance as an indica- 
tion of coronary disease (see Fig. 
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Frc. 254-1. Tills 6S-jear-ol<l man had symptoms refer- 
able to nn mitable colon but no cbiucal evidence of 
cardiovascular abnormalities. Tho electrocardiogram 
was initially thought to point toward coronary disease- 
X-ray revealed a low position of the diaphragm and of 
the heart. \Vlien the precotdial tracings were repeated 
in a lower interspace, normal configurations were ob- 
served Rigid adherence to rulc-of-thumb techniques in 
recording precordial tracings, without consideration of 
the anatomic position of the heart, is often responsible 
for a false positive diagnosis of cardiac disease. 

with anginal pain Other persons who have healed 
pencarditis, emotional disturbances, old cardiac 
contusions, or postprandial hypokalemia may also 
present the combination of T-wave inversion at 
rest and insignificant chest pain (Figs 254-2,254-3, 
and 254-4). The electrocardiogram, though often 
normal or borderline, is sometimes invaluable in the 
diagnosis of angina, provided rigid critena are 
utilized in interpreting those changes induced by 
exercise or occurring dunng a spontaneous attack 

LeoO I Lead Vs 

Before Qiuco^ 


After glucose 


After glutoSe 
and pofosswm 


Fic 254-2 Tlie patient is a hcallliy 44-year-old roan 
without evidence of cardiovascuiar disease. The T 
waves, which were upright in tlie fasting state, became 
inverted in V« and isoelectric in lead 1, 40 min after 
tlie ingestion of 100 Gm glucose. MTien KCl was ad- 
mimsleied on the following day. the T waves remained 
unchanged. Tlie record ilKistratts die fall.icy of diag- 
nosing coronary disease, or any type of organic heart 
disease, on die basis of T-wave inversion akme. 

) 
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of pain, provided also that little attention is paid to 
those alterations found in the resting pain-free state 

Wc see no purpose in subjecting the patient even 
to the small risk of an exercise test when the storj 
is already decisiv’c. When, however, the historv 
leaves doubt, as in the case of an initial bout of 
possible angina at rest, one may resort to an exercise 
test, provided one is reasonably sure that tho pnin 
had not been caused by an infarction. There is 00 
virtue in a standardized test. The amount of exercise 
required to bring on anginal pain or the character- 
istic electrocardiographic changes is influenced lit- 
tle, if at all, by age, sex, or size. The history should 
provide the physician with a reasonably accurate 
Idea of how' vigorous and how Jong the exercise 
should be. Figure 234-5 illustrates diagrammati- 
cally the changes that occur witli exertion and 
those which should be considered indicative ol 
myocardial iscliemia. 

Angina! pam is often a more sensitive Indicator 
than the electrocardiogram, and when exertion 
under the observation of the physician docs induce 
characteristic pain and when the amount of tolet* 
aled exercise is significantly increased by prior ad* 
ministration of nitroglycerin, the result may be 
considered conclusive, regardless of the outcome cf 
the serial electrocardiograms. If no pain is caused, 
but the electrocardiogram is decisive (Fig. 254-5). 
one can be almost equally certain that the patierit 
docs suffer from myocardial ischemia. However, a 
negative electrocardiographic response does not 
all exonerate the patient, for in different studies 20 
per cent or more of patients with unquestionable 
angina pectoris have failed to display the electro- 
cardiographic abnormalities cliarocteristie of core* 
naiy insufficiency after exercise. 

Spontaneous Cleetrocardiogrophic Changes. Un- 
less tliere has been a previous iafaretion, the elec- 
trocardiogram is usually normal during the pain- 
free state. A few patients continue to exhibit norma' 
records during the attacks, but more often S-T 
segment depression occurs in multiple leads and 
vanishes as the pain subsides. This alteration has 
been interpreted as due to subendocardial ischemia- 
However, similar changes have been observed iP 
direct epicardial leads from dogs during hemor- 
rhagic shock and from patients with known ischemic 
heart disease during thoracotomy. Sudi tracings, in- 
dicating scattered regions of ischemia surrounded 
by large areas of electrically normal tissue, throw’ 
doubt on the concept of the subendocardial ongiW 
of S-T segment changes. In any case, it would 
appear that multiple areas of focal ischemia are 
responsible for the widespread S-T depression com- 
monly seen during anginal attacks. 

An occasional patient exhibits, during the seiz- 
ures, marked reciprocal S-T changes, with elevation 
and ifcpression in opposite leads. These temporary' 
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barbiturates will vary from one patient to another. 
Anviely about the heart which is often a major 
cause of emotional stress can be partially alleviated 
by reassurance, including the true statement that 
man)’ patients with angina live for decades. 

Mild physical fatigue is often the best anUdote 
for emotional stress. Thus fishing, golf, and other 
recreational activities should be encouraged, pro- 
\ided they do not induce attacks and the patient 
enjoys them. The spectator sports may be harmful 
because they provide the undesirable effect of er* 
citemenl wthout the benefit of mild physical exer* 
lion. 

Ileduclion of Cholesterol. Although the problem 
of diet remains controversial, we believe that re- 
striction of foods rich in saturated fatty acids is 
advisable. The foods to be avoided are those rich 
in butterfat, yolks of egg, fats of meat, hydrogenated 
vegetable oils, coconut, and cocoa butter. Vegetable 
oil containing a high percentage of urjsaturated 
fatty acids, such as cottonseed, com, peanut, or soy- 
bean oils, are considered beneficial if they are 
given in large quantities (40 per cent of total caloric 
intake). Further details of dietary management 
and of the use of such drugs as triparanol (MEIl/ 
29), nicotinic acid, and thyroid derivatives are 
presented on p. 1304. The unpleasant side effects of 
nicotinic add can be reduced either by the use of 
the aluminum salt, which is expensive, or by gradual 
increments of dosage up to 1.5 to S Cm after each 
meal. The effects of these sescrol substances arc 
additive, probably because the mechanism of the 
action of each drug differs, and the most effective 
results ate usually obtained when two ot more ate 
employed simultaneously. 

It is probable that the hypercholesterolemia, 
which is common in patients with angina, is sec- 
ondary to distortions of the metabolism of other 
fats and especially of the trigl)’cerides. The thera- 
peutic implications of this concept are not yet en- 
tirely known. 

Drugs. Sublingual nitroglycerin is indicated (1) 
to treat pain, (2) to prexent it, and (3) in conjunc- 
tion \vith subthreshold exercise to promote col- 
lateral circulation (see discussion above). It should 
be taken prophylactically before activities, such as 
sexual intercourse or a tense business conference, 
which have been found by experience to induce at- 
tacks. When used for pain it should be repeated 
every 5 min until relief is obtained. If this does not 
occur after several pills, there is a strong possibilJ^ 
of myocardial infarction. The dose varies from one 
patient to another but in most is slightly less than 
that required to produce headache. 

Long-acting coronary ddator drugs are rarely of 
striking benefit in paUents rvith mild angina. Their 
use in the severer variety is discussed later. 

Anticoagulants and monamine oxidase inhibitors 
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are considered later in the discussion of the man- 
agement of preinfarctional angina. 

Frequent premature beats in patients with angina 
indicate increased likelihood of ventricular fibrilla- 
tion. They should usually be treated with quinidioe 
or procaine amide, imless there are contraindica- 
tions to the use of these drugs (p. 1396) . 

In patients with angina and overt congestive 
failure, or with nocturnal attacks that are suspected 
of being precipitated by reabsorption of edema 
fluid, digitalis and sodium restriction are employed 
Diuretics must be given with great caution, be- 
cause of the possibility of potassium depletion and 
consequent intoxication by amounts of digitalis or- 
dinarily well tolerated. ^Ve are familiar with several 
instances of sudden death occurring within a brief 
period after diuretics were first employed in patients 
with ischemic heart disease. In the opinion of some, 
salt restriction should be practiced by all patients 
with angina. 

Tobacco should be prohibited when it clearly in- 
duces pain, premature beats, or pronounced increase 
in heart rate or blood pressure. It is possibly harm- 
ful in others, and its reduction or witbdra\val will 
depend on the reaction of tbe individual. There is 
no evidence that alcohol in strict moderation has 
cither harmful or beneficial effects, Coffee and tea 
should be allowed also unless they can be shoum to 
cause pain, premature beats, or sleeplessness. 

Certain additional therapeutic procedures which 
may be considered in patients with unusually severe 
or "intractable" angina are discussed later. 

Preinfarctional Angina (Coronary Insufficiency) 

The choice of a suitable designation for die in- 
termediate form of coronary pain, one that does not 
fall into the category of effort angina of brief dura- 
tion or the prolonged pain with unquestionable 
manifestations of myocardial necrosis, is difficult. 
“Coronary insufficiency" and "coronary failure" are 
not accurate, since any pain due to h)'poxia of the 
myocardium, whether brief or prolonged, is due to 
insufficiency or failure of tbe coronary circulation. 
“Status anginosus" simply implies a prolonged pain 
but does not indicate whether or not infarction is 
present. “Prolonged angina without evidence of 
myocardial necrosis" appears to be the most accu- 
rate designation, but it is clumsy. The term prein- 
farctional angina is not free from objections, but 
since prolonged angina is actually a forerunner of 
infarction in many instances and since, from a 
physiologic standpoint, it is but one step away from 
the stage of myocardial necrosis, it appears to us 
to be Uie most suitable for the condition under 
ransideration. 

Occasionally, preinfarctional angina develops in 
a previously asymptomatic subject. Much more 
commonly, its onset is heralded by a sudden worsen- 
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ABC 
Fic. 254-5. A. SLghl to moderate postescrtlonal depres- 
sion of the S-T junction with an upsloping S-T segment 
is of no significance {see Fig. 254-4). 

B. Postcxeitional dmvnsloping S-T segmerit. This may 
l>e due to digitalis therapy. Othensise, its appearance 
after c'cercise is strong evidence of myocardial ischemia. 

C. Marked depression of the entire S-T segment. 
Tliis change, when occurring after esertion and disap- 
pearing Within a few minutes, is conclusive evidence 
of isclicraia, hut few patients with angina eshihit such 
a marked alteration, 

failure, and sudden death. Another aim is to detect 
and manage certain commonly associated conditions 
which arc likely to aggra\'ate angina. Of these, 
obesity, diabetes, hypertension, ectopic rhythms, 
anemia, and ihjiotorieosis are especially significant. 

rhyaicai Aclkily- Tlie circumstances svbfcb iit- 
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duce pain should be avoided. Therefore, walking 
should be reduced during the first 2 hr after meals, 
or when there is emotional stress. Outdoor activiU' 
should be sharply curtailed during cold weather. 

Tliere is now con\'lncing evidence that eterdsc 
of a degree considerably less than that required to 
induce the pain is not only harmless but likely to be 
positively beneficial (Fig. 254-6). It is probable 
but unproved that, when undertaken after a coro- 
nary ddator dmg, the desirable effect of widening 
collateral channels is enhanced. Although the actual 
amount of activity prescribed will vary widely from 
patient to patient, according to the sei'erity of the 
disorder, tlie general principle tliat excTtion tchich 
induces pain of dyspnea should he avoided, while 
that tchich does not cause these sijmploms should 
be encouraged is applicable to all. 

Eniotional Stress. All efforts should be made to 
curtail anxiety and worry, ^\'hen, as is often true, 
this aim cannot be achieved, tranquilizing drugs 
ore indicated. The relative value of meprobamate, 
rauwolfia — with due consideration of its tendency 
to cause depression In predisposed persons — and of 



Fic. 254-C. A, D, Ci Q, C, and N indicate, rrspecUvely, times of Q of ECG of carotid upstroke and of carotid 
iiidsura At rest (A) the trace is somewhat abnormal because the downstroke of ejection is delayed. Following 
mild exercise tlie record (B) Is entirely normal, with a brgo inward motion (downstroke) during systole. Ad- 
ditional ncrcisc which produccil anginal pain caused the record to become grossly abnormal (C). The systolic 
bulge lias now returned in exaggerated form and the atrial motion (upstroke before Q) is pronounced, indi- 
cating defective ventricular emptying and Increased atrial stretcli. 

D, C, F: The solid and dotted arrows indicate the carotid upstroke ond (ncisura, respectively. The resting 
record ( D) u borderline, showing n rallicr small downstroke daring ejection Exercise sufficient to produce pun 
caused a large outward systolic bulge (arrow D in E), The same c-tereise caused no such effect when under- 
tskm I lir after the application of glyceryl trinitrate ointment (F). Tlic prccordi.il trace at this time is entirely 
nwnsil ( Taper speed Hi mm per see.) 
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tients respond better to this regime than to the 
orally or sublingually administered long-acting dila- 
tors such as erythritol tetranitrate or penlaerythri- 
tol tetranitrate. In a few the reverse seems to be 
true, arvd in some patients the alternation of one of 
these drugs tvith the ointment appears desirable. 

Once the pain has been controlled, the dosage of 
the ointment should be slowly reduced over a 
period of several weeks. In order to decrease the 
likelihood of the patient’s becoming unresponsive to 
nitroglycerin, which otherwise occasionally occurs. 

The value of prolonged or permanent anlico- 
agulation is disputed. There is evidence that hepa- 
rin, although more expensive, is the drug of choice 
for this purpose. 

The monaminc oxidase inhibitors are being 
widely used in patients with angina. There is no 
con\'incing etndence that they have anj' direct ac- 
tion on the coronarj’ flow. Such benefleial effects, 
occasionally striking, usually questionable, as are 
ohser\’ed are perhaps to be ascribed to a central 
action, with iinpro%cinent in general outlook and 
reduction in emotional stress, or possibly, to an 
effect on norepinephrine metabolism. Some of these 
drugs may have serious toxic effects. Pending more 
complete lnfonn.ition, they should be employed 
with great caution and only in those rare patients 
who do not respond to other measures. 

The remaining measures which are valuable in 
treating preinfarctlonal angina arc those which have 
already been discussed in the management of the 
less severe form of the disease. These include for 
all patients regulation of activity and of diet, plus 
reduction of emotional stress. The antiarrh)‘thmic 
drugs, digitalis, diuretics, and potassium salts arc 
utilized W’hcn the aforemention^ indications exist. 
Those additional measures which are of prime im- 
portance in the preinfarctlonal type of angina arc 
(1) anticoagulation, (2) frequent minimal sub- 
threshold exertion, and (3) long-acting coronary 
dilator drugs. The last tw’o measures are aimed at 
the promotion of collateral circulation to the criti- 
c-xlly ischemic regions of the heart. 

“IntraclabJc'' Angina 

In some patients the relationship beriveen pro- 
gressive narrowing of main arteries and compensa- 
tory widening of smaller channels may remain in a 
state of precarious balance for months, with epi- 
sodes of angina during the slightest physical or 
emotional stress and also during sleep. Under such 
circumstances various special therapeutic measures 
have been advocated. Among them are some, such 
as ligation of the internal mammary artery, which 
have no sound rational basis .and which appear to 
act only by suggestion. The various other surgicil 
procedures aim^ at increasing myocardial blood 
supply arc still to he regarded as being in the experi- 


cruF. 254 1451 

mental stage. Interruption of afferent pathways by 
direct section or by alcohol injection and reduction 
of the demands on the heart by the administration 
of ladioiodinc are rarely if ever indicated. The so- 
called intractable angina is actually a chronic form 
of the preinfarctional type. There is no con\incing 
evidence that any of these procedures prevent the 
massive infarction or the sudden death w'hich may 
occur despite the most vigorous therapy. In any 
case, the large majority of patients survive and 
improve when the conservative plan of management 
which has been discussed is applied for several 
weeks. A goodly percentage of them eventually re- 
turn to useful but restricted activity. 

The surgical treatment of angina due to aortic 
stenosis is an exception to these general statements. 
Although the risk remains high, this procedure is 
entirely justified in properly selected patients (p. 
1435). 

ACUTE MYOCARDIAL INFARCTION 

Connery occlusion, coTonary thrombosis, and 
myocardial infarction are often used sjTionymousIy, 
although the I.nst term is the proper clinical designa- 
tion for the condition to be discussed. Myocardial 
infarction is always the result of a gross discrepanc)’ 
between the blood supply and needs of the myo- 
cardium, usually developing so rapidly that com- 
pensator)’ flo^v through collateral channels is in- 
adequate to nourish the compromised area of myo- 
cardium. This may take place as a result of progres- 
sive atherosclerotic narrowing, with or w’ithout 
thrombosis or hemorrhage at the site of a sclerotic 
plaque, or of any of those circumstances responsible 
for increased load on the heart or diminished coro- 
nary flow described under Preinfarctional Angina 
(p. 1450), provided they are sufficiently severe and 
prolonged. Among the rarer causes are coronarx' 
embolism, occlusion of a coronary ostium by luetic 
aortitis, dissecting aneurysm, and polyarteritis. Right 
ventricular infarction is quite uncommon (about 3 
per cent), the immunity of the right ventricle being 
due to the lesser work load and the proportionately 
greater coronary reserve. 

The Classical Clirucal Picture. In the usual case, 
the patient is seized with a chest pain similar to 
that of angina, except that it is unrelated to exertion. 
It is more intense and prolonged, tends to radiate 
more widely, and is not ordinarily influenced by 
nitroglycerin. The pain usually is described as 
having a constrictive quality, it tends to reach a 
peak rapidly, and it remains at this level without 
wavering from moment to moment; in other words, 
it Is a steady pain, not affected by bodily move- 
ments or breathing or swallowing, an extremely im- 
portant diagnostic feature. Shortly after the onset 
of the pain, the patient perspires profusely, 
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ing of pre\ious exertional angina, the attacks ap- 
pearing with mucli less effort than before and also 
occurring frequently at rest. 

Prolonged, frequent, and severe anginal attacks 
appearing at rest or with minimal exertion are 
likely to be obserx'ed under any of three conditions. 
In a few patients they may be induced by an in- 
creased had on the heart, such as severe emotional 
stress or the excessive ingestion of salt. Wien the 
cause is removed, the patient will usually return to 
the previous state, having only brief and milder 
pain with exertion. 

Less frequently, severe and prolonged angina is 
initiated by some condition such as dehydration, 
hemonhage, shock, ectopic tachycardia, or pulmo- 
nary embolism, which reduces cardiac output and 
thus causes further decline in blood flow through a 
coronary system already compromised by atheroma- 
tous disease. Of particular importance are those 
instances in which Uie circulatory failure induced 
by an initial myocardial infarction may lead to 
ischemic pain in other myocardial regions and thus 
be a threat of more extensive infarction. 

More commonly, however, these prolonged and 
severe attacks ate not associated with demonstrable 
increase in load or decline in output, but apparently 
with progression of coronary obstruction and an 
vicreasinglij unfecorable balance between narroto- 
ing of mam branches and widening of coUaieral 
channels. The patient now begins to have attacks 
of increasme seventy and duration on less and less 
exertion and to be awakened frec^ucntly by seizures. 
Some patients may have only one such attack of 
prolonged pain. The electrocardiographic changes 
may be absent or minimal, but records during the 
pain will usually exhibit depression of S-T segments 
in multiple lends (p. 1440). 

The traditional distinction between acute myo- 
cardial infarction and prcinfarctional angma is a 
somewhat artificial one since daily measurements 
of transaminase over a period of 1 or 2 weeks have 
shown that most instances of the latter disorder are 
actually associated with some tissue necrosis. The 
area destroyed is often so small that the other signs 
of infarction, such as fever, leukocytosis, elevation 
of tlie sedimentation rale, overt congestive failure, 
and permanent electrocardiographic changes, ore 
lacking. Thus one is not justified in an attitude of 
eomplacenic when the usual signs of infarction arc 
absent, since prcinfarctional angina appears to be 
frequently caused by a partial or even a complete 
(Josure of a coronary’ branch, and the collateral 
blood supply to the involved area maintains a 
tenuous balance between supply and need. Without 
proper therapy, a fairly high percentage of the 
patients will, within a short time, develop a much 
more severe attack with unquestionable infarction. 
'Thus, in one large series, about 50 per cent of 
.Ik \ ^ 
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those untreated or inadequately treated developed a 
frank myocardial infarct, while this occurred in only 
7 per cent of those properly managed. 

Treatment. The patient should be hospitalized, 
nje sedimentation rate, transaminase, and electro- 
cardiogram must be repeated frequently. An accu- 
rate pain diary should be kept by the patient and 
should include meals as well as the exact time of 
onset and relief of the pain, the number of sub- 
lingual pills, and the bmc and dosage of long-acting 
coronary dilator drugs. In order to facilitate widen- 
ing of collaterals, slow brief vvalks should be taken 
every hour when awake provided they induce no 
pain, which they usually do not, and also provided 
there is no clinical or electrocardiographic evidence 
of infarction. Unless a contraindication, such as an 
active peptic ulcer, exists, heparin should be ad- 
ministered for several weeks. ^Vhen economic or 
other reasons make this impractical, one of the 
coumarin drugs may be employed. 

There is wide difference of opinion concerning 
the long-acting coronary dilator drugs. Assessment 
of their value is made difficult by spontaneous flue* 
tuation in the severity of angina, by the necessity 
for separation of psychic from pharmacologic ef- 
fects, and by those subconscious preconception* 
which affect all physicians. There is pressing need 
for the most rigidly controlled "double bluid" 
studies on & very large scries of patients. Fending 
such, one must relv on such sparse objective evi- 
dence as is available, plus clinical experience tem- 
pered with Osier’s optimistic skepticism. Subject 
to these reservations, our present opinion of these 
drugs is that despite an occasional exception most 
of them are of limited value in most patients. How- 
ever, nitroglycerin ointment (Nitrol) is usually 
effective as demonstrated not only by (1) the ap- 
pcatani:e of the typical headache, indicating a 
pharmacologic effect, and (2) an abrupt decrease 
in the number of attacks of pain, but dso by (3) 
objective evidence of improved myocardial con- 
traction (Fig. 254-6). 

The 2 per cent lutroglyeerin ointment should h® 
applied to the skin and spread as thinly as possible 
without massage. The initial dose should be a 
1-in. column as measured from the containmg tube, 
and should be progressively increased until one hs* 
determined the largest dose vvhicli can be taken 
without unpleasant side effects (commonly, head- 
ache; rarely, postural hypotension). This will usu- 
ally be ly, to 2 in. Tlie ointment is applied eveO’ 
4 hr, an alarni dock being used to prevent omission 
of the midnight dose. If the diary shows that th^ 
pain IS appearing at tlie height of the ointments 
action, 1 to 2 hr after application, the dose should 
be Increased. The occurrence of pam as the drugs 
effect diminishes, 3 to 4 hr after application, calls 
for greater frequency of administration. Most pa- 
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for the appearance of unquestionable electrocardio- 
graphic and transaminase alterations; the de\’elop- 
ment of tlie typical picture of shock of obscure 
origin, again recognized only by these same diag- 
nostic findings; focal cerebral symptoms, such as a 
hemiplegia, caused either by a sudden drop in 
blood pressure with impairment of blood flow 
through a sclerotic but bitherto asymptomatic cere- 
bral vessel, or by an embolus originating in a mural 
thrombus overlying a painless infarct or scar. It is 
important to bear in mind that painless infarctions 
occur not uncommonly during anesthesia or post- 
operative narcosis or in the course of illnesses, sutJi 
as diabetic acidosis, which impair consciousness. 

Complications. There are a relatively limited 
number of serious complications that introduce spe- 
cial problems of management and that are respon- 
sible for most of the deaths in acute myocardial 
infarction. 

Shock. When, at the onset of the attack, the 
systolic blood pressure lervel falls below 80 to 90 
mm Hg in a previously nonnotensive person or be- 
low 110 to 120 mm Hg in a previously hj-perten- 
sive padent and remains at these low levels for Z 
hr or more, and whgn this fall Is associated tiilh 
the clinical picture of shock, the prognosis is ex- 
tremely grave, over 90 per cent ending in death 
unless prompt treatment (s administered. The cause 
of the shock is not fully understood; a major factor 
in most instances must be the sudden decline in 
cardiac output. This cannot be the whole story, 
however, for occasionally one sees shock as the ini- 
tial manifestation when there are no signs of acute 
left ventricular failure (gallop rhythm, basilar rales) 
and almost no evidence of myocardial necrosis ex- 
cept a minimal elevation of the Serum transaminase. 
There is some experimental evidence that obscure 
reflexes arising from the heart play a contributory 
role. 

Acute Pulmonary Edema, In tbe earliest stages 
of a severe attack, the sudden impairment of con- 
tractile power of the left ventricle may lead to 
serious or fatal pulmonary edema. This is usually 
associated with more or less severe shock; signs of 
systemic congestive failure are absent. If the pa- 
tient survives for more than a day or two and left 
ventricular contractile power fails to recover, or if 
he has improved and a complication supervenes 
that imposes an additional burden on the heart 
(ruptured septum, new infarction, ectopic tachy- 
cardia), the picture of systemic congestive failure 
appears. 

Abnormal Rhythms. The appearance of an ec- 
topic tachycardia, which can be of any type, may 
suddenly alter the course from one that is progress- 
ing favorably to one of grave danger. The harmful 
effect of the tachycardias is due to the rapid rate 
with Its accompanying relative increase in systolic 
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contraction time and abbreviation of diastole. The 
net result is increased work of the heart, diminished 
coronary flow and cardiac output. Heart block of 
either high second degree or complete block in- 
troduces the risk of ventricular standstill or fibrilla- 
tion; fortunately, the block almost invariably dis- 
appears within 2 weeks, provided the patient sur- 
vives. 

Rupture of the Myocardium. Rupture of the free 
wall of die ventricle at the site of the infarction 
with rapid development of cardiac tamponade oc- 
curs in about 10 per cent of the fatal cases; the 
incidence is higher in older patients beyond seventy 
and is particularly likely to occur in older women. 
Rupture b apt to develop within the first 14 daj’s, 
and death occurs so rapidly that it is rarely possible 
to determine which of tbe causes of sudden death 
has been responsible. Rupture of the interventricu- 
lar septum is much less common. The diagnosis is 
suggested by the appearance of a loud systolic 
murmur at the lower left sternal border, often as- 
sociated with a systolic thrill, the rapid increase in 
congestive failure, and death within a week. Barely, 
a patient with this complicab’on may live for sev- 
eral years. Far more uncommon than either of the 
above forms of rupture is the rupture of an infarcted 
papillary muscle, which is responsible for the sud- 
den appearance of murmurs, loudest at the apex, 
and the development of a fatal pulmonary edema 
within a few hours. The appearance of a late sys- 
tolic murmur unassociated with heart failure is not 
uncommon and does not signify myocardial rup- 
ture. It is probably due to a distortion of a papillary 
muscle by the ischemic process. If the heart en- 
larges markedly, the pansystolic murmur of a rela- 
tive mitral insufficiency may appear. 

Thromboembolism, Systemic embolism arising 
from left ventricular thrombi may lead to serious 
or fatal complications: gangrene of the legs, hemi- 
plegia, occlusion of abdominal vessels, etc. Much 
more common ore pulmonary emboli, sometimes 
due to a right ventricular mural thrombus overly- 
ing a septa] infarct, but far more often due to em- 
boli originating in the deep veins of the legs. Fi- 
nally, a second myocardial infarct due to develop- 
ment of another coronary thrombosis may occur 
while the patient is recovering from the first. These 
various thromboembolic complicab'ons are less 
commoQ at present than before the widespread 
employment of anHcoaguIant therapy. 

Other CompIicQftons and Sequelae. During the 
past few years, increasing atteoUon has been di- 
rected to the post-myocaTdial4nfaTcthn syndrome. 
This usually occurs within 2 months after the acute 
infarction, in about 3 to 5 per cent of the cases. 
Recurrences may develop up to 2 years or even 
later. The characteristic features are fever, leuko- 
cytosis, pleuritis and pericardib’s — often with effu- 



1452 SEC. 2 

sl^in becomes pallid, cool, and moist, and diere is 
a moderate drop in blood pressure. At the same 
time, dyspnea, weakness, and faintness occur; nau- 
sea and vomiting are common. The heart rate is 
increased somewhat, although occasionally It re- 
mains as low as 70 to 80; an early diastolic gallop 
rhythm is frequently heard, and fine and medium 
moist rales are audible at the bases of the lungs. 
After a variable period of time, the manifestations 
of shock disappear, and the pain graduaRjr subsides, 
leaving behind a dull ache that may persist for a 
few hours or up to a day or so. Within a few hours 
after the beginning of pain, leukocj’tosis is observed, 
followed by fever; stJI later, usually between 24 
and 48 hr after the onset, the sedimentation rate 
becomes elevated. In the more severe cases, tlie 
white blood count rises to 12,000 to 20,000 and 
may remain elevated up to 10 to 14 days; the fever 
reaches levels of 200 to lOG^F, usually subsiding 
within 10 days; the sedimentation rate may be 
elevated for 3 or 4 weeks. The scrum transaminase 
usually begins to rise in 0 to 12 hr and reaches a 
peak within 24 to 48 hr and then subsides to normal 
levels in 4 to 7 days. In about 80 pet cent of the 
cases, characteristic electrocardiographic alterations 
are noted: S-T elevation followed by inversion of 
the T waves and the appearance of Q waves. In the 
remainder, the electrocardiographic abnormalities, 
absent in the first day or two, are observed to ap- 
pear within 7 to 10 days provided daily tracings are 
recorded. A small percentage of patients exhibit 
only minor and nonspecific alterations or no ab- 
normalities at all even in tlie presence of an other- 
wise classical clinical picture. 

After the first day or two, when the pain has 
usually dbappeared, the patient may be so free of 
subjective symptoms that it may be dUBcult to 
persuade him of the seriousness of the attack and 
of the necessity of several weeks of careful manage- 
ment. TIic gallop rhythm and the basilar rales may 
persist for as long as 2 to 3 weeks. Sometime during 
the first week, usually after the first day and before 
the seventh, a pcncardial friction rob may be 
heard in about 10 to 15 per cent of cases. The 
pericarditis is usually asymptomatic but may rarely 
be associated with mild pam aggravated by breath- 
ing 

The above description applies to patients suffer- 
ing an attack of moderate severity. In milder at- 
tacks, all the clinical manifestations ate correspond- 
ingly reduced, some even being absent, and the 
evidence of myocardial necrosis (fever, elevated 
scdimerftation rate, and leukocytosis) is minimal or 
absent. Practically invariably, hovvever, tlie scrum 
transarmnase is slightly increased or displays varia- 
tions of range greater th.m 12 to 15 units, even 
tJiough the highest figure may be less than 40, On 
,thc other h.-ind, in the most severe cases, shock is 
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profound and may last for hours or even days, 
death being prevented only by the most vigorous 
therapy. Pulmonary edema and later systemic fail- 
ure are more pronounced. Cardiac output may be 
so reduced and peripheral blood flow so impaired 
that cerebral infaiction, gangrene of the extremities 
or bowel, or acute tubular necrosis of the kidneys 
may ensue. 

Tlie severity of the attack, which is sm impor- 
tant guide to the immediate and distant prognosis, 
is judged not by the extent of the electrocardio- 
graphic alterations, but by the total clinical picture 
and the magnitude of those manifestations Mhich 
signify myocardial necrosis. The more severe the 
signs of left ventricular failure (dependent, in ad- 
dition, on the preexisting condition of the myocar- 
dium), the more profound the shock, the higher 
and longer the duration of the fever, serum trans- 
aminase, leukocytosis, and sedimentation rate, the 
greater has been the myocardial damage, regardless 
of the appearance of the electrocardiogram The 
converse is also true: when all the above phe- 
nomena are minimal, tho myocardial insult has 
been small, even in the face of an electrocardiogram 
that may be interpreted as revealing "massive" in- 
farction (QS waves in all or most of the precordial 
leads). The electrocardiogram Is invaluable In Sub* 
stantlating a clinical impression of acute myocar- 
dial mfarction; it is of little value in informing us 
as to the gravity of the attack. Of all the laboratory 
tests, the transaminase level is the one that paralleU 
best the actual seventy of the infarction. Figures of 
300 or more always indicate a large and probably 
fatal infarction. One must bear in mind, how'ever, 
that a very high transaminase figure that is alto- 
gether inconsistent with the mildness of all other 
clinical signs and symptoms may be caused by cen- 
tral necrosis of the liver lobules, particularly prcne 
lo occur if the initial fall in blood pressure is rather 
severe and prolonged. There is some evidence that 
estimations of serum lactic dehydrogenase activity 
may provide more accurate information than does 
the serum glutamic axalacctic transaminase activ- 
ity, now almost universally employed 

Mode of Onset. Myocardial infarction may pre- 
sent itself in a wide variety of pictures aside from 
the usual and classical one depicted above. A com- 
pletely painless and symptomless infarct may be 
discovert in an electrocardiogram taken on a pre- 
sumably healthy and active person who is simply 
having a routine checkup. There are a number of 
oUier forms of painless infarction, and these may 
prewnt themselves as amite pulmonary edema or 
the sudden and rapid worsening of congestive fail- 
ure; development of aiTh)'thmias, such as heart 
block, ventricular tachycardia, atrial flutter, or fibril- 
lation; transitorj- sj-ncopc that may not appear to 
differ from an ordinary innocent faint were it not 
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that, since by definition, the chest pain has occurred 
spontaneously, wc cannot derice any assistance 
from provoking of relieving factors; and since the 
character and location and reference of the pain 
may be identical in all the disorders enumerated, 
one can reach a diagnosis only hy consideration of 
corollary features, clinical and laboratory, that may 
be present at the onset or that may appear after 
a day or several days of observation. Thus we refer, 
to name only some of the items, to tlie development 
of manifestations of thrombophlebitis especially In 
a person confined to bed and of the x-ray findings 
in the chest indicative of pulmonary infarction 
(acute pulmonarj' embolism); or the distribution 
of pain at a distance far more remote than could 
be attributed to infarction, inequality of arterial 
pulsations in upper and lower extremib'es, appear- 
ance of a new diastolic murmur typical of aortic 
insufficiency (dissecting aneurysm); or the devel- 
opment of fever and pericardial friction mb from 
the very onset of the pain or within 2 to 4 hr, the 
early aggravation of die pain by breathing, swal- 
lowing, or change of position (acute pericarditis); 
or the information contributed by the serum amy- 
lase, bilirubin, alkaline phosphatase or by x-ray 
studies in the diagnosis of hiatal hernia, gallbladder 
colic, acute pancreatitis, and perforation of peptic 
ulcer. Often, even if one does secure unassailable 
evidence of an acute pericarditis, one still remains 
in doubt as to whether one is dealing xvith an acute, 
benign (viral) pericarditis or the pericarditis of 
post-myocardial-infarction syndrome. 

Finally, in the interests of completeness and ac- 
curacy, one must add that there are instances of 
chest pain (or high epigastric pain) in which the 
corollary data at the onset or acquired after ob- 
sers’ation arc insufficient to permit one to arrive at 
a diagnosis with anything approaching certainty 
and in which one must concede that one can speak 
only in terms of relative probability or possibility. 

The differentiation of the various causes of chest 
pain is not the only problem introduced by the 
question of acute myocardial infarction. We have 
already enumerated the sj'ndromes that may be 
caused by acute painless infarction: syncope, shock, 
sudden dyspnea and congestive failure, cerebrovas- 
cular episodes. Each one introduces its ovm prob- 
lems of diagnosis and, once again, the solution is 
not always simple and certain. There is no royal 
road to the diagnosis of acute myocardial infarc- 
tion, not even when the road is traveled by the 
most astute and experienced clinician. 

Prognosis. The prognosis is always uncertain. 
Tlic patient apparently progressing most facorably 
may die suddenly and unexpectedly; another per- 
son, desperately ill, may recover to lead a useful 
actixe life. Statistics based on a large series of cases 
may give a general idea of uliat happens to large 
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numbers of patients, but they are utterly worthless 
in assisting one in the prognostication of an indi- 
vidual patient because the outcome depends in each 
instance on a great many’ variables: the size of the 
infarct, the damage inflicted by prc\’ious and pos- 
sibly silent infarcts, the inherent rcsen’c of the 
myocardium, the presence of serious concurrent dis- 
ease, the development of unpredictable disasters, 
such as rupture, serious arrhythmias, recurrent coro- 
nary occlusions, and other thromboembolic phe- 
nomena. In general, if the patient has surmounted 
the initial insult to the myocardium and has sur- 
vived beyond 21 days ^^hcn rupture and ectopic 
rhythms are most likely to have occurred, the chief 
risk IS the development of a thromboembolic com- 
plication, now minimized by' anticoagulant llierapv. 
At no lime, however, is the risk of sudden death 
due to ventricular standstill or fibrillation absent. 

Treatment. The first principle Is tliat the treat- 
ment should be directed at the patient ralber than 
at the electrocardiogram. This is especially impor- 
tant in the decisions concerning activity and return 
to work. 

During the first few hours, complete rest is indi- 
cated, and sufficient opiates or other analgesics 
should be used to relieve the pain. Food may be 
restricted to fruit juices for the first 24 to 48 hr, 
and water given in amounts of 1,000 to 1,500 ml, 
or more, depending on the extent of the loss by 
sweating. Enough fluid should be given to ensure 
a urinary output of at least 700 ml The intravenous 
route for administration of fluids and drugs should 
be avoided except when imperative. If there are 
numerous rales in the lungs, or if cyanosis is pres- 
ent, oxygen is urgently needed. Even in the absence 
of these signs, oxygen is probably of V'alue, as the 
elevation of the arterial oxygen content, altliough 
small in degree, will allow a giv’en Icv'cl of tissue 
oxygen tension to be achieved at a lower level of 
cardiac output and may, Uicreforc, rest the heart. 
It has been demonstrated in animals that the oxy- 
gen content of the marginal areas around the in- 
farct Is increased by the administration of oxy- 
gen. 

De^ite the risk of anticoagulant therapy, such 
as the occurrence of bleeding, of increasing the 
gravity of cerebral and other embolisms, of pro- 
moting the development of hcmopcricardium, the 
benefits accruing from this form of ihcrapv now 
appear definitely to outweigh the risks. Inasmuch as 
a serious thromboembolic episode may occur cx'cn 
in an individu.nl who has sustained only a mild in- 
farction, we believe that it is probably wise to ad- 
minister .mticoagulants to all persons, provided re- 
liable laboratory control is avaikiblc .and the p.i|icnt 
is cooperative. Heparin is unquestionably the liest 
anticoagubnt, and it may bo given in doses of 50 
to 75 rag every G to 8 hr intravenously, or with a 
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sion — and pneumonilisv the pleural and peiicaidial course; or they may be obscured by ekclrocardia- 
emdales may be liemorrhagic. It is evident that the graphic changes caused by previous and now com- 
clinical picture is practically identical with that of plctely healed infarcts or by left bundle block or 
the postcommissurotomy syndrome, and it has been left ventricular hypertrophy. The introduction of 
postulated that both syndromes have a common the serum transaminase test has been of great value, 
basis: sensitization to antigens resulting from myo- but quite aside from the elevations associated wn'th 
cardial necrosis (p. 1468). Tlie importance of the necrosis of the liver or with acute pancre.ititis, we 
syndrome lies in the fact that it is generally a benign must bear in mind that chest pain with an accom- 
disordcr but that it may be mistaken for a recur- panying elevation in the transaminase level may 
rence of mj-ocardial infarction. be doe to an acute pulmonary embolism, the trans- 

Ventricular aneurysm occurs in about 20 per cent aminase increase being caused by involvement of 
of cases within weeks or months after the acute skeletal muscle adjacent to the thrombophlebitis 
attack. It is more frequent in hjpertensive persons, responsible for the embolus. Moreo\’er, tlie charac- 
usiially appearing at the apex or anterior wall of tcristic electrocardiogram of acute cor pulmonale 
tlie left ventricle, and it may be recognized at the occurs too infrequently to be of much assistance, 
bedside by the observation of a large area of pul- Tlie combination of elevated lactic dehydrogenase, 
sation that is distinctly independent of the apieal normal transaminase, and increased serum bilirubin 
pulsation. By x-ray, abnormal bulges of the ven- is suggestive of pulmonary infarction; increase in 
tncular contour and a paradoxical pulsation may the scrum level of both enzymes witli little or no 
be witnessed. The aneurysm practically never rup- elevation of bilirubin points toward myocardial in- 
hires and in most instances does not alter the prog- farction. 

nosis. If one lays any stress on the "tearing” pain sai‘1 

The s/ioiiWcr-hflnd syndrome is characterized by to be characteristic of dvsscciing aneurysm, one 
pain and tenderness of the shoulder, followed by relies on a myth tliat lias been conjured up by 
pain, redness, swelling, and stiffness of tlie hand writers who assume that a tear should be assoch 
and fingers, occasionally tenninatuig in atrophy of ated with a "tearing” pain. The chest pain of dis* 
the small muscles of the hand. The cause is un- seclmg ancury'sm is identical with the pain of acute 
known. The syndrome occurs in 5 to 10 per cent of myocardial infarction, and if perchance, a nre in* 
patients and develops any tune within a year (ol- dividual happens to use the term "tearing," the 
lowing the attack (p. 1923). • adjective me.nns little or nothing: it is employed 

Perforation of or massive hemorrhage from a just as frequently, or more accurately, rarely', by 
peptic ulcer may develop during an acute myo- patients who suffer from other disorders aside from 
cardial infarction and is possibly caused by in- dissecting .aneurysm. It is often WTitten that a da* 
creased adrenocortical activity. tincUon between the pain of dissecting aneurysm 

The Problem of Acute Prolonged Chest Pain and myocardial infarction may be made on the 
(Diagnosis of Acute Myocardial Infarction). Wc b.isis (hot the former readies its peak very rapidly 
are here concerned with the question of acute, pro- or instantaneously. We have found this point, too, 
longed chest pain, steady and unw-avering, persist- of value only occasiatmUy, since patients sufrering 
ing for 20 min or more, unprovoked and uninflu- from a severe pain of this type are rarely able to 
enced by exertion, breathing, swallowing, turning gwe a dear story about the rapidity with which 
or twisting of chest or shoulders or by any other the peak is reached. Finally, the dissection may 
bodily function or activity; unrelieved by nitroglyc- involve a coronary artery, in which case dissecting 
erin, and subsiding spontaneously or oidy after the aneurysm no longer merely mimics but actu.vl]y 
admmistr.ation of a narcotic. One is faced not only causes infarction, 

with the problem of deciding whether the patient The pain of acute pericarditis may for the first 
is suffeving from infarction or prcinfarctional tin- few hours have a steady quality indistinguishable 
gina (p 14 19) but also with the possibility that any from that of acute infarction, and it may be referred 
one of a number of other conditions aside from to tlie arms and back or jaws in identically tlie 
acute myocardial ischemia may have given rise to same manner. 

this type of pain. It is simple enough to lay down In a veiy high percentage of cases, pain due te 
rules of differentiation when each of these disorders hiatal heriiia, gallbladder colic, acute pancreatitis, 
presents itself in so classical a form that confusion, ruptured peptic ulcer is centered at or below the 
one with the others, constitutes no serious problem. level of the xiphoid, whereas the pain of acute 
But there are a number of circumstances that often myocardial infarction is centered above these lev- 
intcrfcre with the ready solution of the matter. els; but occasionally, pain may be distnhuted in an 
In acute myocardial infarction, the characteristic atypical fashion, the former above and the latter 
electrocardiographic alterations may be absent dur- below the xiphoid (p. 16) . 

-,ing the first few days or even throughout the entire The lesson to be drawn from these reflections is 
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involving the pectoral muscles, only reassurance, 
aspirin, and heat are necessary. In the more severe 
forms, steroid therapy or a stellate ganglion block 
may be beneficial. 

Posl-myocardtal-infarction Syndrome. Aside from 
symptomatic relief, nothing needs to be done unless 
the fever and tachycardia constitute a threat, in 
which case cortisone or a derivative usually confers 
dramatic benefit. Because of the possibility of the 
development of a large pericardial effusion when 
anticoagulants are given in the presence of an ex- 
tensive pericarditis, the patient should be observed 
very closely for early signs of tamponade. In the 
latter case, the pericardium should be tapped 
promptly. 

Anxiety Stales. Emphasis has been directed re- 
peatedly at the importance of psychologic manage- 
ment in all cases of disorders of the heart. In none 
are sympathetic understanding and insight into the 
emotional problems of the patient more necessary 
than when dealing with individuals who have suf- 
fered a myocardid infarct. Most of these patients 
are stricken at the height of their business or pro- 
fessional careers and of their responsibility to family 
and colleagues. The ominous significance of "heart 
attack” and "coronary thrombosis'' has attained such 
wide diffusion among the laity, especially through 
reports of the unexpected deaths cf friends who 
but a few days before had seemed robust and well, 
that hardly anyone who has sustained such an at- 
tack can fail to ponder anxiously on what the future 
will hold for him. Aside from the immediate threat 
to his life, the questions of his capacity to carry on 
his business. Job, or profession, and of far-reach- 
ing inBuetice Vhis iWness wfli have on the lives of 
his wife and children, must obtrude on his thoughts. 
It is not necessary to discuss the innumerable anx- 
ieties that inevitably attend the convalescence of 
the person who lies in bed or leads the restricted 
life following the acute attack. Suffice it to say that 
these ideas do preoccupy a large part of his 
thoughts, and recognition of their existence must 
not be overlooked by the physician, ho\vex'er im- 
passive and philosophic the patient may seem to 
be. It is during these days that the physician must 
exert his utmost skill in restoring confidence, in ex- 
plaining in simple terms the significance of the Al- 
ness, and in allaying fears and anxieties. The task 
is not e.asy, for the physician cannot forget that 
beliind the apprehensions of the patient there is 
a core of truth that can never be dissip:^ed. He 
can, however, come to a reasonably accurate esti- 
mate as to the degree of activity in which the pa- 
tient may ultimately participate; and he can, within 
the limitations imposed by a malady of such un- 
certain course, encourage a life that will often be 
more active and useful than the patient had un- 
ngmed. He can point out the many useful and pro- 


cuAr. 254 1457 

ductive years that others suffering from the same 
disorder have experienced. The details and the In- 
tricacies of this problem will be as varied as the 
temperaments and the circumstances sunounding 
each individual patient. The administration of drugs 
and the supervision of strictly medical measures 
constitute a progressively diminishing part of the 
total management as the days of the acute attack 
recede and the days of eonvalescence and resump- 
tion of more or less normal life progress. 

The question arises as to how soon a patient may 
resume his work after a myocardial infarction. The 
answer should never be based on the electrocardio- 
gram alone, but rather on the total clinical picture: 
Die severity of the attack and the rate and com- 
pleteness of recovery as well as the nature of the 
patient’s occupation. There can be no rigid rules. 
The individual who has sustained a mild attack 
may be permitted to return to work within 4 to 6 
weeks, whereas the patient who has suffered a more 
serious attack may require many weeks or months, 
or may never be able to return to work again, par- 
ticrdatly when the occupation is one in which 
strenuous exertion is unavoidable. The physician 
should never advise a change of occupation unless 
such a step is imperative. Searching for a new posi- 
tion, becoming accustomed to unfamiliar duties 
may impose far more stress on the heart than con- 
tinuing at the old occupation. 

Longderm ManogemenU Long-term anticoagu- 
lant therapy should be employed only when the 
patient Is intelligent and cooperative, the laboratory 
controls are reliable, the physician is familiar with 
this form of treatment, and there are no contrain- 
dicaVions such as have heeti enumerated above. 
Even under such optimal conditions there is un- 
certainty conceming the value of prolonged anti- 
coagulant treatment. Restriction of saturated fats 
and reduction of weight to the ideal level for tlie 
person's height are also of importance. Regular 
exercise, such as walking or pkiying golf, is bene- 
ficial, provided it does not provoke angina or dysp- 
nea. Moderate use of alcohol, coffee, and tea is 
permissible, and tobacco should be discouragcil, 
although we have seen few patients who have ob- 
served this last admonition. 
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small amount of procaine subcutaneously. The ex- 
pense and the inconvenience of so many punctures 
usually persuade the physician to employ one of 
the oral drugs, either one of the coumarins or in- 
dandiones, rdter the first 2 to 3 days. Bishydto^- 
coumarfn (Dicumarol), warfarin (Coumadin), and 
other derivatives and the indandiones are all reli- 
able and effective. It is important that the physician 
become thoroughly familiar with the behavior of 
one drug and stick to it; that the prothrombin times 
be dependable; and that vitamin Kj (Mephyton) 
always be immediately available if hemorrhage or 
dangerous prolongation of prothrombin time should 
occur; and that this t)’pe of therapy be omitted in 
any' patient with a hemorrhagic di.athesis, with 
knovMi ulcerative disease of the gastrointestinal 
tract or any other localized bleeding lesion, or with 
seriously disturbed hepatic or renal function 

After the initial nausea and pain h.ave disap- 
peared, the patient is given a diet low in salt, 
saturated fatty adds, and calories and abundant in 
fruit juices. There should bo no fixed rule regarding 
the duration and rigidity of restriction of activity, 
the program depending on the severity' of the 111* 
ness. When the condition of the patient permits, 
often after a few days, he may be allowed to sit up 
m a chair, use a bedside commode, or even walk 
a few steps to an adjoining toilet. A mild laxative 
may be necessary to prevent straining, a particu- 
larly harmful form of exercise. Sedatives, such os 
the barbiturates or reserpine, may be useful, and 
the latter may exert a further beneficial effect by 
sloiving the heart rate and reducing an elevated 
pressure During the period of bed rest, active 
movement of the legs should bo encouraged to 
minimize the likelihood of phlebotlirombosis. and 
elastic stockings are also useful for this purpose 
If the patient's progress is satisfactory, he is per- 
mitted to walk about the room after 10 to 14 days, 
gradually increasing tlie activity unbl he is fully 
recovered. 

Congcstice Failure, Congestive failure usually* 
takes the form of pulmonary edema. If dyspnea is 
severe and il digitalis has not been recently taken, 
I.'inatoside C (Cedilanid) 0.8 mg may be givetr in- 
tramuscularly or intiavcnously, following which an- 
other dose of 0 4 mg in 2 to 4 hr may be given once 
or twice. The patient should be constantly observed 
for the appearance of arrhythmias or nausea. Once 
congestive failure has been controlled, parenteral 
doses of the same drug 0.4 mg may be given daily 
for a few days; or one can change to an oral prep- 
aratiorv such as digoxin 0.23 mg t i d. (to allow for 
the rapid excretion of lanatoside C) for 2 to 4 day’s, 
reducing to a maintcn.'inee dose of 0 23 to OS mg 
per d.iy. Other procedures employed in the man- 
agement of congestive failure .arc discussed in 
Chap. 249. 
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S/iock. By shock we mean not only a fall of blood 
pressure below 100 mg Hg, with a pulse pressure 
of 20 mm Hg or less, but also the accompanying 
cool, clammy skin, aslien color, apathy, lassitude, 
and diminished urinary output. Without these mani- 
festations indicative of intense sympathetic activity 
and inadequate profusion pressure, blood pressures 
as low as 90/60 require no treatment. Shock is a 
grave complication, usually but not necessarily co- 
existing with pulmonary edema. Pressor amines (p. 
1395) and oxygen by mask or nasal tube should be 
given, as well as digitalis (p. 13S3) if signs of left 
ventricular failure are ch'ciled. UTien pressor 
amines are administered, one should be particuhily 
careful to watch for the development of arrhyth- 
mias, particularly those of ventricular origin. 

Arrhythmias. Tlie management of the arrhyth- 
mias is discussed in Chap. 250. The most serious 
arrhythmias are the ectopic tachycardias: uncon- 
trolled atria] flutter and fibrillation, because of the 
increased work and diminished coronary flow in an 
already badly damaged heart; ventricular tachy- 
cardia is even more serious since it canics the addi- 
tional risk of developing into ventricular fibrillation 
The serious forms of heart block are dangerous be- 
cause of the likelihood of ventricular standstill or 
fibrillation. Even when bundle block alone devel- 
ops, the mortality increases, probably because the 
ventricular contraction becomes less cEBcient. Ven- 
tricular premature beats are potentially hazardous 
because they may be the forerunner of a dangerous 
ot fatal tachycardia or fibrillation. While the ques- 
tion is still controversial and the evidence Jnaeci* 
sive, some believe that quinidine sulfate, 0.2 Cm 
four times a day, should be given to all patients 
as a prophylactic measure and certainly should be 
given when ventricular premature beats occur, pro- 
vided he.art block is not present. 

TlirombocmboUc Episodes. The best treatment 
IS prophylaxis: anticoagulants, elastic bandages for 
the legs, permitting the patient to take a few steps 
each day provided lie is able to make this effort, 
and frequent active movements of the legs when 
the patient is confined to bed. 

Rupture of the Heart. Transmural rupture and 
luptoic of a papillary muscle are not amenable to 
therapy, since death usually occurs so rapidly’. Oc- 
casion.'illy, a patient suffering from interventricular 
septa! rupture may survive for weeks or months, 
in which case corrective surgery may be possible 
It is advisable to administer v’itamin C if there is 
any question about the adequacy of the patients 
diet prior to the infarction. 

Shouliler'Hand Syndrome. It is possible that en- 
couragement of the use of the muscles of the shoul- 
der girdles shortly after the onset of the infiirction 
may have some value as a means of preventing this 
syndrome. For the milder forms, including those 
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paroxysmal nocturnal d)'spnca or of acute pulmo- 
nary’ edema. These attacks may seem to he the first 
manifestation of congestive failurej practically al- 
ways, however, tlic patient has already experienced 
at least mild exertional dyspnea and may also have 
noted slight ankle edema at the end of the day (p. 
I3S2). Pln’sical examination rexeals the maniiesta- 
tSons of left ventricular hy’pcrlrophy, die most char- 
acteristic being the localized thrusting, forceful 
apex beat, enlargement of the heart, accentuation 
of the aortic second sound, and often pulsus alter- 
nans. With failure, actual or impending, a diastolic 
gallop rhytlim is frequently heard. Eventually, pro- 
vided the patient does not succumb during an at- 
tack of acute pulmonary edema, left ventricular 
failure progresses to the complete picture of con- 
gestive failure. 

Treatment, The management of hypertensive 
heart disease consists essentially of the treatment 
of hypertension (p. 1355) plus the usual treatment 
of congestive failure (p. 13S4) or of angina pectoris 
(p. 1447), according to which of these conditions 
exists. 


SYPHILITIC HEAHT DISEASE 

With rare exceptions, syphilitic disorders of the 
heart are secondary to inx-olvcment of the aorta 
(p. 1360), and the following discussion is con- 
cerned only wiih such aspects as affect the heart 
directly. Barring the unusual instance of gumma of 
the myocardium, syphilitic heart disease is prima- 
rily a problem of aortic insufficiency (p. 1435) 
when the luetic aortitis Involves the aortic leaflets, 
as is usually the case. Occasionally, ischemic heart 
disease (p. 1444) occurs when a coronary ostium 
is occluded. 

Clinical Course. The patient may reveal the fully 
developed signs of aortic insufficiency for years 
without suffering any symptoms, but once the latter 
develop, the progress of the patient is usually ratiier 
rapidly downhill. Acute left ventricular failure with 
parox)’smal nocturnal dyspnea is sometimes the 
earliest manifestation, though usually following 
slight but hardly noticeable exertional dyspnea and 
edema. When failure occurs, management is usu- 
ally effective at first but often futile at the end of 
1 to 3 years. When a coronary ostium closure takes 
place, the absence or presence of symptoms will 
depend on the completeness with which the com- 
pensatory collateral circulation follows. Often no 
symptoms develop, but when the collaterals are in- 
adequate, angina or even myocardial infarction will 
ensue. Since ostial occlusion occurs so commonly 
in conjunction with free aortic regurgitalioD, whid 
also impairs coronary flow (p. 33), it is difficult 
to know in any one patient how much the ischemia 
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is due to the regurgitation alone and how much to 
the coronary obstruction. Certainly one has good 
reason to suspect syphilitic coronary ostial occlusion 
when ischemic heart disease occurs in a young per- 
son wth a positive serologic test for syphilis. 

Treatment. The treatment of the failure is identi- 
cal with that of congestive failure in general (p. 
1385). Once the valvular disease is discovered, and 
particularly when failure has already occurred, the 
value of antisyphilitic therapy is dubious. In any 
case, such therapy should be administered with 
great caution, as a Herxheimei reaction causing 
complete occlusion of a coronary ostium may be 
disastrous (p. 1079). 


IIICH-OUTPUT FAILURE 

Diseases which alter the oxygen tension or the 
metabolism of the tissues, disorders which lead to 
arteriovenous communications, and certain hyper- 
volemic disturbances may cause Increase in the 
venous return to the heart and thus eventually pro- 
duce "high-output failure.” The pathophysiology of 
these conditions has been discussed in some detail 
(p. 99). Here we are concerned with the clinical 
picture. The recognition of these disorders is of 
great practical importance because most of them 
are amenable to specific treatment. Such recogni- 
tion depends on the specific manifestations of each 
of these several diseases and also on the evaluation 
of these circulatory phenomena which, being di- 
rectly related to the increased flow of blood, ate 
likely to be found in all the high-output disorders 

Palpitation, fatigability, and "nerv’ousness” are 
common complaints Tachycardia is usually present 
and occasionally is pronounced. Tlie pulse is full 
with a rapid rise and fall, and the pulse pressure 
is elevated. The skin is warm and usually moist. 

A quick lift is usually present in the left para- 
sternal area and may be confused with the more 
sustained heave of right ventricular hypertrophy. 
The heart sounds are usually loud but do not have 
the high-pitched staccato quality so characteristic 
of the first sound in mitral stenosis. Systolic mur- 
muis may be heard at the mitral, aortic, and espe- 
cially the pulmonic areas. They are of the ejection 
tj'pe and do not replace the first sound. The com- 
bination of diastolic gallops with split first or sec- 
ond sounds is common and may lead to a mistaken 
impression that an opening snap, filling nimble, or 
presyslolic rumble is present. 

It should be noted that these peripheral phe- 
nomena are similar to those of aortic insufficiency, 
while the cardiac findings mimic those of mitral 
stenosis. The presence of such a complication should 
always lead to the search for one of the high-output 
disorders. Before discussing the more common and 



1458 


SFC. 2 


DISEASES OF ORGAN SYSTEMS 


Gorlin, R., N. BrachGeld, C. MacLeod, and P. Bopp: 
Effect of Nitroglycerin on the Coronary Circula- 
tion in Patients ^^ith Coronary Artery Dis«sc or 
Increased Left Ventricular Work, Circulation. I9s 
703, 1959. 

Gregg, D. A.: “Coronary Circulation in Health and 
Disease,” Phrladclphia, Lea & Fcbiger, 1050. 

Harrison, T. R.i Some Clinical Aspects of Angina 
Pectoris, Bull. Johns Hopkins Hosp, 1(M:27S, 
1939. 

Heberden, Witi.s Some Account of a Disorder of the 
Breast, Med. Trans. Boy. Coll. Phjs., London. 
2:59, 1772. 

Hem, H., L. E. Field, S. Dack, and A. M. Master: 
Acute Coronary Insufficiency: Pathological and 
Physiological Aspects, Am. Heart J., 40:63, 1050. 

Keefer, C. S , and W. H. Retnik: Angina I^loris: A 
Syndrome Caused by Anosemia of the Myocar- 
dium, Arcli. Internal Med., 41:769, 1928 

Mayer, J.. Nutrition and Heart Disease, Am. J. Pub. 
Health, 50.5, 1960 

Mollcr, O., and K. R^mk: Haemodynamic Conse- 
quences of Coronary Heart Disease wth Observa- 
tions during Anginal Pain and on the Effect of 
Nitroglycerine, Brit. Heart J., 20:302, 1958. 

Nichol, E. S , W. C. Phillips, and <3. G Casfen: Virtue 
of Prompt Anticoagulant Therapy in Impending 
Myocardial Infarctions Experiences with 318 Pa- 
tients during a 10>Year Period, Ann. Internal 
Med, 50)1158, 1039. 

Nonis, J. N.: Epidemiology and Cardiovascular Disease 
of Middle Age*. Part [, Mod. Concepts of Cardio- 
vascular Dis., 29.625, 1960, Part 11, ibid, 30.033. 
1961. 

Prinzmetal, M., A. Akmeki, H. Toyoshima, and J. K. 
Kwoczynskl Angina Pectoris: III. Demonstration 
of a Chemical Origin of S-T Deviation in Classic 
Angina Pectoris, Its Variant Form, Early Myo- 
cardial Infarction, and Some Noncaidiac Condi- 
Uoas, Attu J. Cardiol., 3i2T6, 1959. 

ACUTE MYOCAHDUL INFARCTIOV 

Binder, M. J.: The Mechanism and Treatment of 
Shock In iVeute htyocacdial Infarction, Ptogr. 
Cardiovascular Diseases, 1:206, H5S. 

Dressier, \V.: Tlie Post-Myoc.ardia1-Infarction Syn- 
drome, A.M.A. Arch. Internal Med., 103:28, 1059. 

Edeiken, J : Shoulder-Hand Syndrome Following Myo- 
cardial Infarction with Special Reference to Prog- 
nosis. Circulation. 10.14, 1937. 

Hcmck, J B.: Thrombosis of the Coronary Arteries, 
J A..\i-\., 72:387, 1919. 

Killip, T., Ill, and >1. A. Payne: High Serum Trans- 
aminase Activity in Heart Disease. Circulatoiy 
Failure and Hepatic Necrosis, Circul.ition, 21:646, 
1960. 

Pickering. G., \V. M. Amotl, and others: An Assessment 
of Long-term Anticoagulant Administration after 
Cardiac Infarction: Report of the Working Party 
on Aiillco.igulant Therapy in Coronary TItromhosis 

1 


to The Medical Research Council, Brit. Med. J., 
1:803, 1959. 

Wacker, W. E. C., M. Rosenthal, P. J. Snodgrass, and 
E. Amador: A Triad for the Diagnosis of Pulnio- 
nary Embolism and Infarction, J.A.MA., 178 8, 
1061. 

Wright, I. S.; Tlie Use of Anticoagulants in Coronary 
Heart Disease: Progress and Problems: 1960, Cir- 
culation. 22:608, 1960. 

Zenum, F. D., and M. Rodstein: Cardiac Ruphire Cofu* 
plM^ating Myocardial Infarction, AJ.IA Arch. In* 
temal Med. 105:431, 1960, 


255 


MISCELLANEOUS AND 
RARE CAUSES OF 
HEART DISEASE 

Wflltam H. Resnik and 
T. R. Harrison 


HYTERTENSIVE HEART DISEASE 

The problem of hypertension is examined in 
Chap. 245 The present discussion deals only widt 
the heart disease resulting from hypertension. It I* 
caused by the increased work of the left ventricle 
contracting against a permanently increased arte* 
nolar resistance, leading to left ventricular hypei"* 
trophy of lesser or greater degree, in some instances 
so sli^t as to be clinically indetectable and insl^* 
niffcant. 

Clinical Course. Following the development pf 
hypertension, a number of years may elapse, 10 pr 
20 or even 30, before symptoms referable to the 
heart occur, if tliey develop at all. Since coronarj' 
sclerosis is a frequent accompaniment of hyperteH* 
Sion, the clinical picture may be that of angina 
pectoris or myocardial infarction, with or without 
congestive failure. In others, congestive failure 
alone ensues, uncommon before the age of forl)’> 
becoming increasingly frequent with advancing 
years. The age at which the heart begins to fad 
depends on .a number of variables: the level of tlic 
mean arterial pressure, the extent of mjocaidia' 
scarring due to coronary sclerosis, and the degree of 
involutionary change (p. 1378) being the most im* 
portant. It is not uncommon to observe individuab 
who have sustained levels as high as 240 systolu^ 
and 120 diastolic for many years and who have led 
active, unrestricted lives without ever experiencing 
any symptoms indicative of diminished cardiac re* 
serve. Because the strain is priitianly on the left 
ventricle, left-sided failure, with rise in pressure in 
the left atrium and consequent pulmonary engorge* 
ment, may set in suddenly and produce attacks of 
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The Heart in Anemia 

Pathologic Physiology. In chronic anemia, when 
the hemoglobin falls to about 7 Gm or less, tissue 
hypoxia leads to a decline in peripheral resistance, 
increased cardiac output, and tachycardia. Since 
oxygen e-xtraetion in the coronary circulation is 
already practically maximal even in the normal per- 
son, myocardial oxygen requirements in anemia 
can be met only by increased coronary Sow due to 
coronary dilatation. Pallor is usually greater than 
one anticipates with a given degree of anemia, and 
this is caused by the vasoconstriction in the sldn, 
the blood being diverted to more important tissues. 
There is also a compensatory shunting of blood 
from the kidneys, but the glomerular filtration rate 
remains normal. It is the continued effect of the 
sustained increase in cardiac output and the inabil- 
ity of the coronary bed to expand beyond a certain 
limit that are responsible for the ultimate failure 
that may develop in some instances of severe ane- 
mia— another example of high-output failure. Con- 
gestive failure is especially likely to occur when 
cardiac reserve is already compromised by the in- 
volutionary changes of age or by concomitant heart 
disease. Apparently some individuals with severe 
and long-standing anemia are able to compensate 
for the impoverished Wood sufficiently well so that 
they engage in fairly strenuous physical work, even 
in a tropical climate. On the other hand, there are 
other patients svith severe anemia who display fail- 
ure without tachycardia or the clinical signs of in- 
creased cardiac output. The reasons for the absence 
of these compensatory mechanisms are unknown. 

CVinlcal Picture. The clinical picture is that of 
high-output failure with anemia. Cardiac enlarge- 
ment, occasionally with hypertrophy; unusually pro- 
nounced systolic murmurs because of the combined 
effects of decreased viscosity, increased flow, and 
dilatation of the mitral ring; rarely an early’ dias- 
tolic nimble at the mitral area due to increased 
flow or an aortic diastolic blow’, presumably due 
to dilatation of the aortic ring, may present a con- 
fusing problem of diagnosis. Thus, when slight fe- 
^•er is also present, subacute bacterial endoc^itis 
may be mimicked. In patients witlj sickic-cell ane- 
mia with fever and joint pains, acute rheumatic 
fever may be suspected. 

With nn organic obstruction in a coronary artery, 
thus nullifying the compensatory increase in coro- 
nary flow Ural would olheI^v^se take place in ane- 
mia, angina may appear in a person with subclinical 
coronary sclerosis, or anemia maj' aggrav-ate an al- 
ready existent angina. 

Treatment. The treatment is primarily th.il of 
the anemia, which naturally depends on the cause, 
and of the usual means of managing congesti\-c 
heart failure. If it is deemed necessary to transfuse. 
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only red cells, free from plasma, may be given in 
small daily doses. 

Thiamine Veficienct/ (Beriheri Heart Dist'^se) 

Thiamine deficiency (p. 545) leads to a de- 
rangement of carbohydrate metabolism tlie effects 
of which are similar to those caused by hypoxia, all 
the tissues including the myocardium being in- 
volved. This disturbance in myocardial metabolism, 
to whirffi is added a further interference of fatty 
acid catabolism due to the deficiency of cocarhoxyl- 
ase, results in impaired myocardial energy produc- 
tion. The defect in the peripheral tissues causes a 
peripheral vasodilatation, increased %-enous return 
and cardiac output, and consequently an increased 
load on a heart already handicapped by the meta- 
bolic defect. Clinical and e.xperimcntal evidence in- 
dicate that cardiac failure is more prone to occur 
in persons who have the least invoh’ement of the 
nervous system and a greater capacity for work 
and, hence, a greater opportunity for increased load 
on the heart. 

The usual clinical picture of beriberi heart 
disease as seen in the Orient and described by 
Wenckebach and by Keefer is characterized by an 
enlargement of the heart, absence of arrhythmia, 
predominant failure of the nghl ventricle, bound- 
ing arterial pulsations, and the classical phenomena 
of high-output failure. This picture is rarely encoun- 
tered in the occidental countries; the more common 
one is that of an individual who has been on a 
clearly deficient diet over a long period of time 
(excessive consumption of alcohol is almost invari- 
ably the cause), who has heart disease of uncer- 
tain origin, failure that does not respond to the 
usu.ll methods of treatment, signs of mild periph- 
eral neuritis or of other manifestations of dietary 
deficiency, and whose heart fmlurc and cardiac en- 
largement disappear with the administration of 
tliiamine. The electrocaTtliogram reveals only non- 
specific ahnormahties. Not oil patients respond 
quickly, spectacularly, and completely to thiamine 
treatment, and there is still disagreement as to 
whether thiamine deficiency can lead to irreversible 
myocardial changes. 

It is evident that the diagnosis depends mostly 
on securing a good dietary’ history and on response 
to treatment. One should be particularly suspicious 
when high-output failure is observed. One slioiild 
also bear in mind Uiat the factor of thiamine de- 
fidcnc)’ may be pla)ing a contributing role in all 
alcoholics who may h.ive failure ostensilily due only 
to one of the more common forms of heart disease. 

Arteriovenous Tistula 

The acquired t)-pe of this rlisordcr is usually the 
result of a penetrating injury, such as a knife or 
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important of t]icse conditions, it should be empha- 
sized that, when one of tlicm is undoubtedly pres- 
ent, the diagnosis of organic disease of the mitral 
valve should be made with great reluctance, AVhen 
one IhinlvS that both conditions are present, it is 
well to defer judgment until the cause of the high- 
output syndrome has been found and remov'ed. This 
^\^l! result in many instances in disappe.amncc of 
those signs previously attributed to mitral disease. 

Thyrotoxic Heart Disease 

Heart disease caused by hyperthyroidism may 
present itself in the form of congestive failure, or 
angina pectoris, or atrial fibrillation, or in any com- 
bination of these disorders. It is uncommon before 
the age of forty, usually occurring in individuals 
who already suffer from some other form of heart 
disease but not at all infrequently in persons who, 
after cure of the hyperthyroidism, display no rec- 
ognizable cardiac abnormalities. Moreover, autop- 
sies on patients dying of thyrotoxic heart disease 
have confirmed the fact that hyperthyroidism olone 
may cause failure and death. Histologic examina- 
tion of these hearts reveals no consistent type of 
lesion, in some no abnormalities being present, in 
others, rather insignificant fatty infiltration, myo- 
cardial necroses, or interstitial myocarditis. There 
is no basic difference between the influence of toxic 
nodular thyroid and toxic diffuse thyroid disease 
on the heart. 

Pathologic Fh}'siology. The fundamental de- 
rangement is the increased load imposed on the 
heart by the augmented bodily osygen requirements 
in which the heart, itself, participates and llie ne- 
cessity for increased heat loss. Because of the in- 
creased skin and peripheral blood flow, peripheral 
resistance is diminished, arteriovenous difference is 
naiTO\ved, cardiac output and heart rate are in- 
creased, tlie work of the heart increases because of 
tlic enhanced volume and rate loads, and the heart 
hypertrophies. In addition, it is possible that in- 
creased catecholamines demonstrated m the myo- 
cardium of experimentally induced hyperthyroidism 
m dogs may interfere with myocardial enzyme ac- 
tion and energy production as well as contributing 
to m)'ocardjal hypoxia. ^Vhen failure finally ensues, 
the resting cardiac output falls from its previously 
elevated levels, increasing or not witli exercise de- 
pending on the cardiac reserve; but even in faflure, 
the cardiac output and stroke volume are often 
higlier than the same functions in a resting euthy- 
roid individu.il without failure. In other wori, 
thyrotoxic heart disease with failure represents a 
typical form of high-output failure. Tlie load re- 
sulting from the ovcractive thyroid is well tolerated 
by the young and healthy heart. It is -when this 
load is supcririposed on the heart already affected 
^by involulionary changes (prcsbycardla), and par- 
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ticularly when cardiac reserve has been diminished 
by some otlier form of heart disease, that thyrotoxic 
licart disease manifests itself. Angina pectoris oc- 
curs only in those who already have a lesion pre- 
disposing to myocardial ischemia, such as coronars' 
sclerosis or aortic stenosis, and the increased load 
serv'cs merely to raise a subclinical condition to the 
clinical level. 

Clinical Manifestations and Course. In some per- 
sons, the characteristic features of hyperthyroidism 
are so conspicuous even after the development of 
failure that the diagnosis Is simple. In others, when 
the eye phenomena and thyroid enlargement are 
not striking and other classic manifestations of thy- 
rotoxicosis are obscured and masked by the antag- 
onistic effects of cardiac failure, it is not surprising 
that the basic overactivity of the thyroid is hardly 
discernible. Nevertheless, thyrotoxicosis should be 
suspected as a contributing factor in patients with 
cardiac disease under the following circumstances 
persistent tachycardia that endures after prolonged 
rest and during sleep, any suggestion of hlgh-output 
failure (p 1377) in the absence of other recogniz- 
able causes, failure of the usual measures in tlie 
management of failure to bring about a satisfactory 
response. Attacks of paroxysmal atrial fibrillation 
or the presence of chronic atrial fibrillation in a 
person without mitral stenosis, particularly when 
the ventricular rate is resistant to the slowing effect 
of full doses of digitalis, should be especially sus 
pcctcd, since atria) fibrillation occurs in approxi 
matcly CO per cent of patients over the age of forty, 
five with hyperthyroimsm. 

After treatment has been instituted and th)To- 
toxicosis eradicated, remarkable improvement in a 
previously intractable form of heart disease usually 
follows. About one-third of those with fibrillation 
revert ^ontaneously to a normal sinus rhytiim; an- 
gina and congestive faOure disappear or become 
easily controllable. 

Diagnosis. Estimations of the basal metabolic 
rale and of the serum cholesterol are subject to so 
many influences unrelated to the activity of the 
thjTOid that they are of little value- A circulaton 
tune that is within the normal range in a person 
suffering from congestive fadure is highly sugges- 
tive of some type of high-output failure; but the 
most reliable methods of diagnosis are the deter- 
minations of the protein-bound iodine of the plasma 
and of radioiodinc studies, provided one bears in 
mind the sources of error even in these procedures 
Finally, the diagnosis should be confirmed by a 
favorable response to tlierapy duected at the hy- 
perthyroidism 

Treatment. The management of thyrotoxic car- 
diac disease is that of heart failure but priraanty 
that aimed at eradication of the hyperthyroidism 
(p.591). 
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not encountered. However, in certain well-defined 
disorders, such as rheumatic fever, diphtheria, scrub 
typhus, Chagas disease, the involvement of the 
heart may be clinically important and even fatal. 
There are other instances, both with an acute and 
also with a chronic course, in which myocardial 
failure seemingly develops without cause and when, 
in such a case, a more or less difiuse inflammatoiy 
lesion is confined to the myocardium, all other evi- 
dences of a related infection or other disorder be- 
ing absent, the condition has commonly been desig- 
nated isolated or Fiedlers myocarditis. Viral studies 
have indicated, however, that at least in some the 
myocarditis has been caused by strains of Cox- 
sackie or of influenza virus. In other instances, such 
as primary atypical pneumonia, the coexistence of 
myocarditis with the pulmonary disorder consti- 
tutes indirect evidence that the same agent is re- 
sponsible for both. In some of these various dis- 
orders, pericarditis has also been present. Some 
investigators believe that these forms of chronic 
myocarditis, of known or of as yet unidentified vi- 
ral origin, may be responsible for "endocardial 
fibroelastosis," “idiopathic ventricular hypertrophy," 
and for some of the cases of "post-partum heart 
disease.” The failure to recognize the relationship 
of the myocarditis to a respiratory infection may 
come from the fact that several weeks may elapse 
before the onset of the cardiac manifestations. The 
clinical picture may be that of a fulminating and 
rapidly fatal form of cardiac failure or of a slowly 
developing course, extending over a period of years 
and characterized by enlargement of the heart, 
arrhythmias, and eventually failure. When, during 
or shortly alter a respiratory Inlection, clinical 
signs of cardiac complications are absent and the 
only manifestations are such electrocardiographic 
changes as prolongation of the P-R interval or 
T-wave alterations, complete recovery nearly always 
occurs. 
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between coronary thrombosis and infarction and a 
preceding injury is uncertain or unlikely if the 
former occurs more than 2 to 3 days after the 
trauma. Myocardial contusion may cause arrhyth- 
mias, bundle branch block, or electrocardiographic 
abnormalities resembling those of infarcliori. The 
most serious consequence of nonpenetrating injury 
is rupture of either of the atria or ventricles, which 
is always fatal; rarely, a patient with ruptured \’cn- 
tricular or auricular septum may survive. It is im- 
portant to bear in mind trauma as a cause of other- 
wise unexplained electrocardiographic changes (Fig 
254-3). Hemopcricardium with tamponade may 
follow tear of the myocardium or of a pericardial 
vessel or of a coronary artery. 

Treatment for myocardial failure due to vah-c 
rupture is rarely effective. If the electrocardio- 
graphic abnormalities are those of infarction, it is 
impossible to distinguish between contusion and 
Infarction secondary to coronary artery injury; in 
any case, treatment is the same and is that accorded 
the patient with infarction. Pericardial tamponade 
has been managed successfully by repeated Ups 
alone. Others recommend operation when tampon- 
ade recurs rapidly or when bleeding takes place 
into the thoracic or abdominal cavity. Pericardial 
hemorrhage may be followed by permanently in- 
verted T waves and occasionally by constrictive 
pericarditis. 

The electrocardiographic changes that may fol- 
low myocardial contusion are of no significance un- 
less accompanied by clinical manifestations. How- 
ever, their confusion with similar changes follow- 
ing infarction may make it difficult or impossible 
lot the patient to secure Iffe insurance. 

MALIGNANT CARCINOID 

The cardiac manifestations of this disorder are 
considered in Chap. 90. 


TRAUMATIC HEART DISEASE 


HEART DISEASE OF OBSCURE ETIOLOGY 


Cardiac damage may be due to both penetrating 
and nonpenetrating injuries, the most frequent 
cause of the latter being impact of the chest against 
the steering wheel of a motorcar. Serious injury 
of the heart may ensue though there is no external 
sign of disease. 

Although the common type of injury is myocar- 
dial contusion, any structure of the heart may be 
affected. The valve cusps may be ruptured, and the 
appearance of a loud murmur in a previously 
healthy person is followed by rapidly progressive 
myocardial failure. A coronary artery may be lacer- 
ated, leading to fatal tamponade. The frequency of 
coron.irj’ thrombosis after coronary' injury is uncer- 
tain. It is usually accepted tliat the relationship 


Occasionally the physician is confronted by a 
fonn of heart disease tiiat does not appear to be- 
long to any of the more common categories pre- 
viously described, and he is obliged to consider 
more unusual types of heart disease. Before em- 
barking on a speculative voyage in search of some 
esoteric kind of cardiac disease, he should give 
thought again to the possibility that an ordinary 
type may actually be present. Aortic or mitral ste- 
nosis may be missed because the characteristic mur- 
murs are absent as a result of diminished cardiac 
output, especially in failure. The various forms of 
hyperkinetic heart disease are often forgotten if 
one has ignored the manifestations of the ovemetive 
heart Tlie most frequent in this group is the thy- 
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bullet wound. Congenital fistulas, usually multiple, 
also occur. 

Pathologic Physiology. The initial effect of the 
leakage is a reduction of effective blood \’olume by 
the amount of blood that leaks into and is seques- 
tered in the inv'olvcd extremity. This promotes in- 
crease in total blood volume. The fall m blood 
pressure leads to an increase in heart rate and a 
generalized vasoconstriction. Nevertheless, despite 
the peripheral vasoconstriction, the total peripheral 
resistance is diminished because of the predominant 
effect of tlie leak.ige. Renal VTisoconstriction causes 
a fall in glomerular filtration rate but an increase 
in filtration fraction (p. 183), and this plus In- 
creased tubular sodium rcabsorplion leads to an 
increased extracellular volume. In turn, this raises 
the cardiac output, mediated through a moderate 
tachycardia and elevated stioke volume (increased 
systolic emptying against a lowered pertpheral re- 
sistance). Eventually, the heart fails when the myo- 
cardium is incapable of coping with the burden of 
the sustained elevation of cardiac output. 

Symptoms and Diagnosis. The diagnosis of Arte- 
riovenous fistula is not difficult if one keeps the 
possibility in mind The swelling and increased 
warmth in the vicinity' of the fistula, the continuous 
murmur with systolic accentuation, usually associ- 
ated with a thrill, the enlargement of tire heart with 
the bounding pulse, the slowing of the heart vvhen 
the fistula is compressed (Branhams sign) consti- 
tute a char.'ictenstic clinical picture. When myo- 
cardial failure develops, the features are those of 
the high-output type, Even if an arteriovenous fis- 
tula is not immediately apparent, cardiac failure 
with outspoken signs of aortic insufficiency without 
the murmur of that lesion should lead to a careful 
inquiry into possible injuries and vvounds and tbc 
search for a fistula Since evtensive Paget's disease 
causes heart failure on essentially the same basb 
because of the development of innumerable arterio- 
venous fistulas in tbc abnorm.'il bone, it should also 
be borne in mind under these circumst.inccs. 

Pulmonary <jricriovcnotis fistulas may be congeni- 
tal (p 1534) or aetjuued Tliey may produce cya- 
nosis, polycythemia, and clubbing of the fingers 
and thus mimic the cy.nnotic forms of congenital 
heart disease. However, the heart is usually normal 
or may show slight enlargement. 

The Heart in Acute Nephritis 

Tlie edema and the congestive phenomena of 
acute glomemlonephritis probably depend on sev- 
eral mechanisms. The peripheral resistance may be 
increased, but more important is the primary reten- 
tion of sodium which then causes an increase hi 
pkisma volume and a hyperkinetic (high-output) 
st.ite (p 1370). This is what has been termed “non- 
cardiac circulatory congestion” and would account 
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for the usually inconspicuous lengthening of tlie 
circulation time and the absence or minimal en- 
gorgement of the lungs and liver, despite the in- 
creased venous pressure. Nevertheless, one does oc- 
casionally encounter patients in whom the cirada- 
tion time is definitely prolonged, the congestive 
phenomena resemble those of myocardial failure, 
and who display a prompt improvement with diu- 
resis after digitalis. How much this failure of the 
myocardium depends on the increased work load 
of the heart and how much to an obscure effect of 
the disorder on the myocardium is not kmown. 

THE HEART IN MYXEDEMA 

The hypercholesterolemia associated with myxe- 
dema favors the development of coronary sclerosis 
and angmn. In addition, myxedema may be com- 
plicated by pericardial effusion that rarely, if ever, 
causes tamponade. Finally, myxedema may produce 
electrocardiographic changes witli prolonged PH 
conduction time and lowered voltage, although 
is dubious whether myxedema ever causes actual 
rnywardial failure. The dramatic decrease of ihe 
cardiac silhoticttc and the disappearance of the 
electrocardiograpluc abnormalities are usual after 
the administration of thyroid extract. However, It 
should be given with great caution in persons with 
myxedema because of the possibility of Inducing 
anginal attacks or ps)cliic disorders, when sclerotic 
vessels inhibit increase in blood flow parallel with 
the rising o’C)-gen need of the heart .and brain. 

POST-PARTbM HEART DISEASE 

UTielhcr such a specific entity exists is a debat- 
able subject. The term has been applied to cardiac 
disease of unknown etiology, ptcsumably telated 
in some way to pregnancy, for the reports in the 
literature indicate that symptoms usuaUy appear - 
to 0 weeks after the termination of pregnancy, oc- 
casionally a short time before the termination. The 
heart enlarges, there are no characteristic murmurs 
or irregularities, gallop rhythm is common, as am 
pulmonary and systemic emboli Response to treat* 
menl is unsatisfactory, and the prognosis has wined 
in different accounts If one excludes those cases 
which are related to toxemia of prcgn.incy, to ero* 
holism (p. 1538) and to postinfectious myocarditis, 
one gains the impression that a specific form of 
heart disease, somehow related to the post-p.irttint 
period, is a very rare entity, if it exists at all. 

hn'OCARDITIS 

Almost any acute generalized infectious disease 
may cause inn.immatoiy changes in the myocaf- 
diiiin. but ordinarily significant clinical findings am 
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r amUial cariliomc(iaItj is u term tliat li.i$ liccn 
applied to canltnc disorders of undclrrrninrd origin 
omtrring in l«o or tnoro niembcn of a family. Ho- 
vienv of llic lilcraliire indicates wide differences of 
age distribution, clinical clianactcristics such as 
rapidity of progression, presence or absence of 
endocardial tbrombi, frerpu-nc}' of siiddc'n death 
and, finally, in the histologic appearance of the 
m\-ocarduim. Esidently, the designation Eimilial 
canlionicgaly must embrace scscral distinct dis- 
orders. 

Neoplasms of llic Heart. With the esa'ption of 
iiu-snma of the left atrium, primar)' tumors of the 
lirarl (rlualxlonuoma, mesollirl/om.a of the peri- 
cardium. a variety of oilier !>enfgn tumors or ifieir 
malignant ronnti rparls) are medical ewiosilies. 
.Hi/roiiia pf ific atriinii, usually of the left, is rare 
but sliuuld not really Iw considered in a disetission 
of heart iliseasc of obsetire origin, because almost 
invjn.abl) it. bVc b.all \.alvc tbrombtis, is usually 
dwgnosed .as mitral stenosis and recognized first at 
ojK-ration. Occasionally, liovvever, attention to cer- 
tain stnUng features may lead to correct diagnosis 
liefnrc operation: variability (if the murmurs of 
mitral stenosis with change of position, syrumpe. 
parosj-sms of acute pulmon.aiy edema— .all caused 
by sudden and intermittent obstruction of the 
mitral orifice. 

Secondary tumors of the heart are much mote 
frwpicnt and Ivase liccn reported ns occutriug In 10 
to 20 per cent of cases of m.alignancy. Tlie most 
cssmmon form Is by direct cstcusion to the peri- 
cardium of a primaf)' c.ircinoma of the breast or 
brcochus, malignant thvmoma, or Ivmpboma Tlic 
clinical pic-ture is that of rapidly recurring pericar- 
dial effusion, usually bloody. Metastascs to the in)o- 
cardium arc rarely responsible for sjinptoms or 
signs that permit recognition, altlintigb suspicion 
should l>e aroused when the development of In- 
tr.ictable failure or a distinctly abnormal eh’clrocar- 
diogram tales place in a person known to h-arlmr 
ntlier metastatic lesions and previously free of hcarl 
disease. 

Geographic factors are somolimcs of fmporl.incc 
in determining the cause of heart disease of obscure 
origin. Ilcsidcnts in artMS vslicrc SclilUasomfasb 
mamonl Is endemic should bring to mind the pos- 
sibility that this disease may cause cor pulmonale, 
while cardiac fryponosominsis (Cliogot ifisrosc) 
.sJiouId be considered in persons living in northern 
and central South America. b\ the Otient, heart 
disease due to scrub typhus is encountered. 

For the sake of simplicity of presentation, these 
various unusual diseases of the heart have been 
classified as involving primarily the cndoc.ardium or 
myocardium or pericardium. Clinically these dis- 
tinctions svill rarely be apparent, nor vvill these dis- 
orders differ very nnieb from the be.irt disease and 
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failure that occur in about 10 per cent of cases of 
advanced c/rr/ioj£s of the liver and arc attributed to 
the increased cardiac output Uiat lias been demon- 
strated in this disease. When sarcoidosis or amy- 
loidosis or cirrhosis of the liver or malignant dis- 
ease of the mediastinum, to name but a few, is 
Lnovvn to be present or strongly suspected, there 
is a logic In assigning cardiac disease of otherwise 
undetermined origin In the respective disorder. Gut 
when definite clues or biopsy proof is lacking, the 
diagnosis of many of these rare forms of heart 
disc.i<H- can hardly be any tiling other than a lucky 
guevs, the artificial by-product of the clinical patlio- 
logic ctMifcrcnce atmosphere. One cannot help 
g.iiniiig the Impression that a lengthy and seemingly 
scholarly differentiation imcler lliesc circumstances 
can only be *'a laic . . . full of sound and fury, 
signifying nothing.’* 

Since aue or significant ameliofntion of certain 
forms of heart disease is now possible, tliey must 
ahv'ays be home m mind when an obscure form of 
heart disease is considered. One should never hail 
to search c.arcfully for subacute b.icleri.il endo- 
cirditis. the various hyperkinetic circiil.ilory states, 
certain types of ct)ngcnit.nl and acquired valvular 
hc.nrl disease, constrictive pcric.irditis, and cor pul- 
monale due to thromboembolic disease. 
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roto\ic heart v.lrvch may be so maslccd by conges- 
tive failure Uiat Uic customaiy cities are largely 
obliterated. In a person beyond forty-fi\c or Mly 
jears. congenital heart disease Is likely to be for- 
gotten, and patent atrial septum, which is the one 
form of congenital heart disease that is most likely 
to go on to old age, may be ignored. In younger 
persons, the development of pulmonary hyperten- 
sion With Eisenmengcr’s sjmdrome may abolish the 
gradients of pressure responsible for the typical 
muimuis of patent ductus, atrial and ventricular 
septal defect, rvith the result that a common form 
of congenital heart disease will be undetected. 
Chronic constrictive pericarditis and chronic peri- 
cardial effusion are other disorders U»at are impor- 
tant to keep in mind since Uiey are often curable. 

It should be evident that Uie question of obscure 
heart disease arises when the patient presents no 
significant murmurs, hypertension, pulmonary' dis- 
ease, outspoken signs of hyperkinetic heart disease, 
or unequivocal coronary disease (angina pectoris or 
myocardial infarction). When the situation arises 
in an older person, it is hardly ever considered a 
problem, since tliis kind of case is almost automati- 
cally labeled “arteriosclerotic heart disease." How- 
ever, It has been pointed out previously that tire 
statistical frequency of coronary disease should not 
exclude the consideration of other nonvalvular, nor- 
motensjvc forms of heart disease. Moreover, exactly 
tlie same problem appears in younger persons, al- 
though coronary disease Is not so likely here to 
interfere with the contemplation of other possibili- 
ties. In botli ijoung and old, one should bear m 
mind that tnanij instances of heart disease of op~ 
parentlij obscure etiology arc simply unrecognized 
examples of common heart disease. If these can be 
reasonably excluded, one is then forced to specu- 
late on tlie possvlnhty or prolwbiUty that an unusual 
kind of heart disease may actually be present. 

Disorders Affecting the Mural Endocardium. 
This group of disorders of unkmown etiology and 
pathogenesis constitutes one of the most confusing 
fields in cardiology. These disorders have certain 
superficial anatomic features in common, but c.ire- 
fui morphologic study reveals sufficiently signifi- 
unt differences bet'vcen them to make it likely 
that they represent diseases of varying origin. It is 
uncettam vvlietlier any of them are related to ob- 
struction of cardiac lymphatic drainage, which has 
been shown to produce similar anatomic changes in 
dogs 

in this country and in a few reports from Europe, 
there lias been described a condition known as 
idiopathic hypertrophy of the heart or subendocar- 
dial fibrosis. Because a number of these patients 
had been chronic alcoholics and had suffered from 
!otig-st.inding malnutrition, it has been suggested 
that the heart dise.ise represents the end stage of 


Uitamtne deficiency, a view that has not been gen- 
erally accepted. Mural thrombosis is a charartcr- 
istic finding, and the usual clinical picture is that 
of enlargement of the heart, systemic embolic mani- 
festations, arrhythmias, progressive failure of tlie 
heart unresponsive to digitalis or vitamin theMpy. 
Endocardial fbroehstosis occurs most frequently in 
infants, but adults may be alfiicted. At autopsy, 
marked hypertrophy of the heart, more or less gen- 
cralixcd thickening of the endocardium, chieily of 
the left ventride, and frequently mural thrombi are 
found. The clinical picture is similar to the one 
described above. In a very few instances, typical 
angina pectoris has been present, although coro- 
nary sclerosis has been absent at autopsy. Some 
very competent pathologists are convinced that this 
disease, in adults at least, is a result of chronic 
myocarditis, since transition stages between the two 
can he demonstrated. An identical dinical picture, 
with endocardial fbrosis and subendocardial necro- 
sis has beeiv described in South Africa (Becker’s 
disease), and another variant is endocarditis ^hro- 
plastica ivith cosinophilia (Locfiler’s disease), re- 
ported from Western and Central Europe and veiy 
rarely encountered in Great Britain and the United 
States. From Uganda and otlier parts of tropical 
Africa have come reports of endomyocardial pbro- 
sis. again with somewhat similar manifestations ex- 
cept that mural thrombi and systemic emboli ore 
quite infrequent whereas pericarditis Is often 
present. 

Disorders Affecting the Myocardium. The rceog* 
nition of cardiac Involvement by sarcoidosis, scUfo- 
derma, hemochromatosis, and amyloid disease will 
depend on the demonstration of these disonlcrs 
elsewhere in the body by biopsy or by other precise 
methods. All these diffuse disorders of the mye* 
cardlura, as well as an occasional Instance of 
fibrosis secondary to coronary disease, may present 
the clinical and hemodynamic chanieterisircs of 
chronic constrictive pericarditis. Von Gierke's dis- 
ease, Friedreich's ataxia, muscular dystrophy, and 
trichinosis are other diseases that may be associated 
with myocardial involvement. Hurler's syndrome is 
frequently responsible for lesions in the vahes. 
especially the mitral and aortic, as well as in the 
myocardial cells and coronary arteries. Dissemi- 
nated lupus is very frequently complicated by pori* 
carditis and occasionally by signs of valvular diS' 
case; polyarteritis nodosa is often associated vvitli 
coronary involvement, myocardial disease, or pitn* 
carditis 

The combination of marked eosinophilia With 
clinical or electrocardiographic evidence of myocaf* 
dial injury should arouse Uie suspicion of pel)*' 
arteritis, trichiniasis, eosinophilic leukemia vViui 
Infiltration of the heart, or LoefHer’s fibropla^t"^ 
endocarditis. 
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PEIUCARDITIS 
WlUiam U. licsnik and 
T. R. Harrison 

Pericarditis may be classiBecl according to hro 
different. mclboiU, both of practical importance. 

CLASSIFICATION 

I. Morphologic and clinical classification 

A. Acute 

1. Fibrinous 

2. Pericardial elTusion 

B. Chronic pericardial effusion 

C. Clironic coaslriclivc pericarditis 
n. Etiologic classification 

A. Infectious 

1. Acute hctiign 

2. Tuberculous 

3. P)'Ogenic 

4. Ntycotic (fungous Infection) 

B. Noninfectioui 

1. Ischemic (acute m)ocaTdiaI infarction) 

2. Uremic 

3. N’coplastic 

4 Myxedematous 

5. Traumatic 

0. Anticoagulant therapy 

C. Uncertain etiology 

1. nheumatic 

2. Disseminated lupus er)'(hcmalosus and oilier 

collagen diseases 

3. Post-cardiac-injury s)-ndromc 

tt. Post-m>ocardIal-infaTctlon $>Tidrotne 

b. Postpcficardiotomy (postcommissurotomy) 
syndrome 

c. Posttraumatic sjudrome 

Genera) Comments. The above classification im- 
plies that not only must one determine uhether or 
not pericarditis is present, with or williout effusion 
or constrictive scar, but one must also seek to deter- 
mine the cause. 

rain i s-an important syTnptom in various forms of 
pericarditis, usually being present in the acute in- 
fectious types and also in those forms enumerated 
under “uncertain etiology.” Pain, however, is often 
absent in a slowly developing tuberculous or neo- 
plaslic pericarditis, and it is usually absent in the 
pericarditis of myocardi.' ^l infnrfiinn- Pain rarely 
constitutes an important complaint in uremic peri- 
carditis, probably because of the stuporous or coma- 
tose stale of the patient. The character of the pain 
has been described in a previous chapter (p. 36). 
Any one or combination of the three components of 
pericardia) pain may occur, but iisualhj the pre- 
dominant one is the pleuritic type of pain- 0«ra- 
sionally the steady, constrictive pain, radiating into 
cither or both arms and identical with the pain of 
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ischemia, may overshadow the pleuritic pain, or it 
may occur alone at the onset of the illness, with the 
rcstilt that confusion m'tJi myocardial infarction is 
not infrequent. This problem becomes even more 
perplexing when, with acute pericarditis, the serum 
transaminase rises to levels of about SO units but 
occasionally to 125 to 135. Moreover, shock may 
appear, tlie mechanism being uncertain. Possibly 
in some instances it may be caused by tlie same 
obscure reflexes that play a part in the shock of 
myocardial infarction; in other cases, it may be 
brouglit about by tamponade caused by the rapid 
development of pericardial fluid, too small in 
amount to Ije detected by x-ray. The location of 
pcric.'irdial pain Ihis also been described (p. 36). 
Suffice it to say that a pain felt either in the pre- 
cordium or in one or both shoulders or trapezius 
ridges and aggravated by inspiration should alert 
one to the possibility of an acute pericarditis. 

Tlie pericardial friction rub is the most important 
physical sign, sometimes elicited only when firm 
pressure with the stethoscope is applied to the 
chest wall. The pericardial rub is likely to be Incon- 
stant and transitory, and a loud to-and-fro leather)' 
sound may di5.appcar within a few hours, possibly 
to reappear the following day. 

Tlie clcctrccordhgrorn usually displays elevation 
of the S-T segments in several leads without recip- 
rocal depressions in others and without significant 
changes in the QRS complexes Later, the T waves 
become inverted, and in some instances this latter 
change is permanent. 

rcricordlal effusion is usually associated with an 
enlargement of the cardiac silhouette, and this is 
especially important when it occurs rapidly under 
olwrvation. Tlicre is no definitive contour to the 
cardiac shadow in effusion, and differentiation from 
enlargement of the heart may be difficult. A very 
important bedside clue to the presence of effusion is 
the increase in the area of cardiac flatness (not dull- 
ness) on percussion, extending to the third left in- 
terspace and to the right of the midline of the 
sternum, with loss of the normal percussion reso- 
nance over the lower sternum. The heart sounds 
tend to become faint, but they may remain loud; 
the friction nib may disappear or remain clearly 
audible; the ape.x impulse may vanish but some- 
times Is felt well within the left border of dullness. 
On fluoroscopic examination, the ventricular pul- 
sations ore usually diminished or absent. When the 
effusion is large, one often encounters an area of 
d ullness and tubular breath sounds at th e angle of 
the ieir scap ula, probahiy caused by compression 
of the lung (Ewart’s sign). The importance of this 
finding comes Trbm llie tact that often the signs may 
be interpreted as being due to a pneumonic con- 
solidation. 

When an effusion develops, the fluid nearly al- 
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THE CARDIOVASCULAR SYSTEM 
lous origin must be deemed a serious error. Con- 
sequently, no method of examination should be left 
undone to establish or rule out the diagnosis. This 
means chest films for pulmonary tuberculosis and 
a search for tuberculosis in other structures; tuber- 
culin tests, repeated after several weeks; cultures 
and smears of gastric washings and of pericardial 
fluid. Finally, if the diagnosis is still obscure, one 
should resort to pericardial biopsy. If one is still 
unable to secure definitive evidence and one has 
good reason to be highly suspicious of the presence 
of tuberculosis, antimicrobial therapy is justified. 
Pericardiectomy with concomitant anUtubercuIous 
therapy has been successfully employed if explora- 
tion reveals a thickened pericardium. 

Differenltal Diagnosis of Chronic 
Pericardial Effusion 

Cultures and smears of the pericardial fluid are 
so frequently negative in subsequently proved cases 
of tuberculous pericarditis, and a positive tuberculin 
test (p. 1006) so often found in persons who have 
no active tuberculosis, that one is sometimes faced 
with the dilemma of trying to decide how much 
emphasis to attach to each of these conflicting 
findings. 

Myxedema may be responsible for a pericardial 
effusion that Is sometimes massive. Tlte other mani- 
festations of myxedema should clarify the diagnosis, 
but unfortunately, even when they are present, the 
diagnosis is frequently overlooked. It is important, 
therefore, to make appropriate tests for thyroid 
function in every person with an enlarged cardiac 
outline of undetermined origin. 

Neoplasms, disseminated lupus, rarely poit/- 
arteritis nodosa, mycotic infections, certain forms of 
endomyocardial fibrosis found in Africa, and very 
rarely, severe anemia and scleroderma may be the 
cause of a chronic pericardial eSusion. 

Finally, there are individuals who, without fever 
or other constitutional symptoms, are known to 
have had an “enlarged heart" for years, sometimes 
with, more often without, congestive failure, and 
who have subsequently been found to be suffering 
from a chronic pericardial effusion. The most ex- 
haustive studies have failed to reveal the etiology of 
these effusions, but they have all been completely 
relieved by the establishment of a pleuropericardial 
window. Such disorders have been designated 
chronic idiopathic pericardial effusion, with full 
recognition that “idiopathic" merely signifies our 
present ignorance of the cause of Uicse disorders. 
For example, one form of pericardial effusion, ap- 
parently “idiopathic," has been found to be caus^ 
sometimes by an injury to the heart following a non- 
penetrating blow to the chest, the relationship be- 
ris’een the injury and the subsequent effusion being 
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obscured by the lapse of weeks before the effusion 
develops. This type of pericardial effusion is simply 
another form of the post-cardiac-injury syndrome. 

CHRONIC constricti\t: pericarditis 

This disorder results when the healing of an 
acute fibrinous or serofibrinous pericarditis is fol- 
lowed by obliteration of the cavity of the sac, with 
the formation of granulation tissue svhich gradually 
contracts and forms a firm scar, encasing the heart 
and interfering with filling. The condition may be 
the result of tuberculous, staphylococcal, or pneu- 
mococcal infection, acute benign infectious peri- 
carditis, traumatic pericarditis, but more often the 
cause is undetermined. Rarely, routine fluoroscopic 
examination may reveal calcification of the peri- 
cardium in an indhudual who is bee of all symp- 
toms referable to the heart. Usually, hD^veve^■, the 
clinical picture is characterized by dyspnea on 
exertion, which, however, is often relatively slight 
at rest, while orthopnea may be entirely absent; 
pronounced enlargement of the bver; distention of 
the cervical vems; ascites; and peripheral edema. 
The heart Is normal in size in about half the cases; 
in others it is slightly to markedly enlarged. A 
paradoxic pulse is frequently encountered, and a 
protodiastolic gallop is present in most patients. 
Both by palpation and by x-ray, marked diminution 
in cardiac pulsation is noted. A very important 
finding is the presence of calcification of the peri- 
cardium, visible by x-ray in about one-half the 
cases. The spleen is sometimes palpable, and in the 
absence of evidence of bacterial endocarditis, 
splenomegaly in a patient svith congestive feilure 
should arouse suspicion of constrictive pericarditis. 
The electrocardiogram frequently displays low 
voltage and flattening or inversion of the T waves 
in all three limb leads. Atrial fibrillation is often 
present in this condition. 

Congestive failure is initially the result of im- 
paired filling of die ventricles caused by the restric- 
tive action of the inelastic pericardium. However, 
the fibrotic process may extend into the myocar- 
dium, and congestive failure may then be due to 
the combined effects of the myocardial and the 
pericardial lesions. The interference \vith filling re- 
duces the ^vo^fc of the heart, and myocardial atrophy 
may occur. This probably accounts for the delayed 
beneficial effects of operative treatment. Improve- 
ment may not become apparent until a number of 
months have elapsed. Piesumably, the atrophy dis- 
appears when the impairment of filling is removed 
ly resection of the pericardium. Because the filling 
of the right ventride is impeded, this chamber is 
unable to flood the lungs with blood, acute pulmo- 
nary edema does not occur, and orthopnea is 
minimal. 
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S-T segment elevation soon being replaced by in- 
version of T in die same lead. Slight fever and/or 
an evanescent friction rub may or may not be 
observed. This syndrome is thus sitnUar to the nwie 
usual varieties of fibrinous pwicarditis but displays 
the following differences. (1) The electrocardio- 
graphic findings point toward focal rather than 
diffuse inflamination of the pericardium. (2) The 
clinical course is unusually mild. (3) Pericardial 
effusion does not occur to a detectable degree. 

Pathologists have long recognized focal patches 
of pericardial thichening as incidental findings at 
necropsy and, because of the frequency in young 
men, have designated them as “soldier's patches.” 
It IS tempting to speak of the clinical picture de- 
scribed in the preceding paragraph as the soldie/s 
patch syndrome, but if this is done there should be 
clear recognition that such a designation is based 
only on a logical inference and not on any proof 
that the clinical disorder mentioned Is in fact the 
analogue of the anatomic finding. 

Differential Diagnosis of Acute 
Fibrinous Fericerditis 

Since there is no specific test for acute benign 
infectious pericarditis, the diagnosis is primarily one 
of exclusion. Consequently, before concluding that 
one is dealing with the disorder know*n as acute 
benign infectious pericarditis, one must consider all 
other disorders that may be associated with an acute 
fibrinous pericarditis. 

Acute Myocardial Infarction. \Vhcn an isclicmic 
pericarditis gives rise to a pleuritic type of pain, 
confusion with an infectious form of pencardJtis is 
possible and one must rely on the time of occur- 
rence of fever and pain, electtocardiographic ab- 
normalities, such as the appearance of Q waves, the 
e.ttent of the transaminase elevations, and the total 
clinical picture. More common is tie error of assum- 
ing that acute benign infectious pericarditis is an 
acute myocardial infarction (p. 1454). 

Post-Cardiac-Injury Syndrome. *1110 two disor- 
ders m this category that are likely to be confused 
with acute benign infecrious pericarditis are the 
post-myocardial-infarclion syndrome and the peri- 
carditis that may follow a nonpenelrabng bruise to 
the chest \l’hen- the pericarditis occurs within a few 
weeks or months after the infarction or the blow to 
the chest, one is justified in concluding tlvat the two 
are probably related. However, it is known that 
many individuals suffer a completely symptomlcss 
mfarct Wicn an acute pericarditis occurs fn such 
a person and when there is no reason to suspect a 
previous infarction, differentiation behveen the post- 
myocardial-infarction syndrome and acute Ixmign 
infectious pericarditis is impossible on clinical 
V grounds. Subsequently, the development of angina 
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pectoris or acute infarction may then, in retrospect, 
clarify the nature of the previous illness. The con- 
clusion to be drawn is that, in any person over the 
age of forty to forty-five, an apparently dastica! 
picture of acute benign infectious pericarditis may 
actually be the first overt manifestation of serious 
coronary disease. Similarly, a nonpenetrating chest- 
wall blow may be forgotten when the acute peri- 
carditis develops several weeks later, and the rela- 
tionship between llie two may not be recognized 
One must also bear in mind that the person who has 
sustained a myocardial infarct or a blow to the 
chest acquires thereby no immunity to the viruses 
that cause the infectious form of pericarditis and 
that, when we make the diagnosis of post-mjocar- 
dial-infarction syndrome or pericarditis following a 
chest bruise, we are spealong in terms of prob- 
abilities and not certainties, until more precise 
methods of differentiation arc available. 

Pericarditis Due (o Collagen Disease. Most im- 
portant in the differential diagnosis is the peri- 
carditis due to disseminated lupus, in which disease 
It occurs at some time in its course in over 50 per 
cent of the cases. Sometimes it appears as on 
asymptomatic effusion, but more often pain is 
present and very rarely tamponade may develop 
When it occurs in the absence of other eridencej oi 
the underlying disorder, differcntiation from acute 
benign infectious pericarditis or a mild form of 
lubcreiilous pericarditis may be made only on dis- 
covery of LE cells or by the specific methods of 
dbgnosis of tuberculosis (p. 1007). 

The pericarditis of acute rhetmatie fever is 
nlways associated with evidences of severe pancar- 
ditis. Pyogenic pericarditis, usually secondary to 
pneumonia, is now far less common than before the 
advent of effective antibiotics. These conditions, as 
well as uremic or neoplastic pericarditis, should 
cause little difficulty of diagnosis. 

CHRONIC TUBERCULOUS 
PERICARDIAL EFFUSION 

Tuberculous pericarditis has been described in 
Cbap. 146, Tuberculosis. The acute form has al- 
ready been mentioned, and it needs to be stated 
here only that in other cases there may be no Iiistory 
of pain, the symptoms being those of infection in an 
individual mth massive effusion, m’th or witlifiul 
TAanifestations of tuberculous involvement of other 
strut^rcs. It is important to bear this condition in 
mind when a middle-aged or elderly person with 
fever has what appears to be an enLirged heart of 
undetermined etiology, with or without congestive 
failure. Inasmuch as we now have effective specific 
methods of therapy that have reduced the mortality 
radically from the previous figures of 50 to SO per 
cent, overlooking a pericardial effusion of tuberou- 
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j}cncaTdilis is responsible is btj exploration of the 
pericardium. 


OTHER DISORDERS 
OF THE PERICARDIUM 

Tumors of the pericardium arc almost alwaj-s 
secondary to malignant neoplasms of the mediasti- 
num. The most common primary sources are car- 
cinoma of the bronchus or breast, lymphoma, and 
occasionally other malignancies of the mediastinum, 
such as thymoma. Rarely, the tumor may originate 
in the pericardium as a mesothelioma. The usual 
clinical picture is that of an insidiously developing 
pericardial effusion, often bloody, and the chief 
problem is differentiation from a tuberculous effu- 
sion. 

Pericardial cyst appears as a rounded or lobulated 
deformity of the cardiac silhouette, the most com- 
mon location being at the right cardiophrenic 
angle. Its only clinical significance lies in the pos- 
sibility of confusion with tumor. 
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Section 3 : The Kidneys 


nVTKODUCTION 
T. R. Harrison and 
FranWin H. Epstein 

The patient with renal disease may exhibit any 
one of a %vi6e variety of problems These include 
headache, hypertension, edema, heart failure, ane- 
mia, and coma. Less overt but no less frequent 
presenting symptoms are lassitude, anorexia, nausea, 
and unexplained fever. The common causes and 
the differential diagnosis of lliese several phaiom- 
ena have been considered in previous chapters. The 
reader is referred particularly to Chap. 20, which 
deals with disordered renal function. 

Few instances of clinically significant bilateral 
kidney disease will be overlooked if the urine is 
examined routinely and carefully for protein. The 
evaluation of the degree of renal damage rarely 
requires elaborate tests and can usually be based on 
such simple measurements as the concentrating 
power, tlie excretion of phenolsulfonphthalcin, and 
the urea content of the blood. The rate of progres- 
sion of the disease can he detennined only by 
serial clinical obserr-ation. In this respect, biboralory 


tests may be misleading unless correlated with the 
patient's symptoms. 

The physician should be continually alert to the 
possibUi^ that certain curable but rare renal dis- 
orders may produce clinical pictures which arc 
almost identical with those caused by more common 
but less treatable diseases. Thus he should con- 
sider the possibilities that hypertension may he due 
to unilateral renal disease (p. 1331) and that syph- 
ilis is a very rare but curable cause of the nephrotic 
syrndrome. In a patient w'ith renal insulBcicncy, the 
diagnosis of chronic uremia should not be enter- 
tained until such occasional but removable causes 
as obstruction, acute infection, shock, sodium or 
potassium depletion, congests e heart failure, tu- 
bular necrosis, or acute glomerulonephritis have 
been considered and excluded. 

The discussion to follow is divided into two 
chapters. The first deals with general aspects of 
disorders of the kidneys and includes the treatment 
of chronic renal failure, which is a complication of 
a wide variety of different conditions. The second 
chapter is concerned with the specific diseases of 
the kidney and includes the management of acute 
renal failure, which has a smaller number of under- 
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Inastnuch as Uic usual phjsical signs of cardiac 
disease (murmurs, cardiac cnlargeincnl) may bo 
inconspicuous or entirely laclang, tbe presence of 
hepatic enlargement and intractable ascites may 
lead to a mistaken diagnosis of cirrliosis of the 
liver. Tliis error should be abided if the neck 
veins are inspected carefully in all patients with 
ascites and hepatomegaly. Given a cUntcal picture 
resembiing cirrhosis but tcith the added feature of 
distended neck veins, careful search for cofci^cd/ion 
of the pericardium bij chest films, ttiih ihc patient 
m the oblique position, should bp carried out and 
may disclose a curable or remediable form of heart 
disease. Since calcification occurs in only about 50 
per cent, crplorntion of the pericardium is justifiable 
if the clinical picture is suggestive enough. 

The clinical picture described above represents 
the full'blovvn and classical disorder. It is important 
to bear in mind that sometimes ft calcified pericar- 
dium, dearly visible by x-iay, may cause no symp- 
toms whatsoever; or a patient may display symp- 
toms of congestive failure without the classical fea- 
tures of constrictive pericarditis, and autopsy may 
nevertheless reveal the latter type of lesion. 

Treatment. In the treatment of constrictive prri- 
cardibs, diuretic drugs and sodium restriction arc 
useful. Digitalis, which is rarely of vmlue in the 
preoperative state, may be beneficial m the preven- 
tion of heart failure wlien resection of the thickened 
pericardium permits an increased inflow into the 
ventricles and hence an enhanced burden on an 
atrophic myocardium. The benefits derived from 
cardiac decortication are often striking, and fre- 
quently the Improvement, while slight at first. Is 
progressive over a period of many months. The 
patient may be restored from a state of invalidism to 
something approaching normal activity. 

iUany instances of constnrfrv'c pencarclifis are 
of tuberculous origin. Antituberculous therapy dur- 
ing the phase of effusion may prevent the dev'clop- 
mciit of constriction, and such specific therapy car- 
ried out before and after operation, if any tubercu- 
lous activity is present, wiU prevent the spread of 
the infection. 

No treatment is required for those persons who 
are found to have a calcified pericardium but in 
whom tlicie is no evidence of incteased venous 
pressure. 

Differential Diagnosis of Constrich'i'c 
Heart Disease 

There nre two general problems in the diagnosis 
of tonslnclive heait disease. Tlie first is the differ- 
entiation of the constrictive from the nonconstiic- 
tive disorders that lead to congestive failure. TIic 
second is the separation of constrictive pericarditis 


DISEASES or OnCAN SYSTEMS 
from other forms of constrictive heart disease. The 
clinical picture caused by any of tlie forms of con- 
strictive heart disease may not be so fully developed 
as to display' the classical features de.scnbei] above, 
and one may not suspect that heart failure is bcin" 
caused by one of these disorders. On the other 
hand, a nonconstrictive type of heart disease mav 
simulate the constrictive forms: e g , cor pulmonale 
may be associated with severe sy'stcmic venous con- 
gestion and with little or no pulmonary congestion, 
the heart may not appear to be enlarged; a stnlang 
Inspiratory fall in arterial pressure may be present 
However, tfiere is also an inspiratory fall in venous 
pressure, tlius differentiating the phenomenon from 
the true paradoxic pulse (p. 1468). If it is con- 
cluded that constnetive heart disease is present, the 
second problem is to determine the cause. 

The basic abnormality in clironic constrictiie 
pericarditis is the inability of the ventricles to relax 
adequately during diastole because of the limita- 
lions imposed by the rigid, thickened pericardium 
Tin's limits diastolic filling, and stroke volume is 
diminished; atrial, pulmonic, and systemic venous 
pressures me elevated to about the same levels, 
congestive hepalomegnly with ascites end occa- 
sionally congestive splenomegaly as well as penph 
eral edema appear. Tlie heart sounds ore distant, 
cardiac pulsations under fluoroscopic examimitinii 
arc diminished, an early diastolic gallop is heard, 
.'ind a paradoxic pulse can be elicitctl. The course of 
the illness is slow and progressive, and the usual 
medical treatment is relatively ineffective and 
disappointing. 

Tin's description applies to the full-blown pic- 
ture, but there ore lesser degrees of disability, and 
one may encounter persons with thickened, calcified 
pericardium who lead normal unrestricted lives. The 
same pftysiofogic .abnormafifics and the same cliniai} 
picture may be induced bv other forms of constric- 
tive heart disease. Endocanffai fbrosis, the various 
fonns of endomrjocarditis, extensive involvement of 
the myocardium by amyloid disease, scleroderma, 
fdrrosis secoiirfori/ to myocarditis, canslriciive ep- 
carditis {Portera syndrome) are all capable of in- 
ducing the same hemodynamic defect leading to a 
disorder that is practically indistinguishable from 
that caused by constrictive pericarditis. It has iJso 
been shown that diffuse and sev-ere scarring of the 
mjocardium caused by coronary sclerosis that has 
bren responsible for no pain is another disorder 
that mimics constrictive pericarditis. 

The lesson to be learned is that tchen a patient 
has progressive, disabling, and unresponsive con- 
gestive failure, and particularly if he displays omj 
of the pfienoiiicno of constricfluc heart disease, 
hoitccer minimal they may be, the only dcdslie 
method of determining ivhether or not constrictive 
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hj'poproteincmi.'i, the contribution of heart failure 
to renal insufficiency can frequently be assessed 
only by the use of digitalis in a therapeutic trial. It 
is generally not necessary to reduce the daily main- 
tenance dose of digitalis e\en in patients with 
severe renal excrctor)* impairment. However, be- 
cause of the vicious consequences of deh)'dration 
and s.alt depletion in such patients, casual adminis- 
tration of this drug to the point of toxic ^mptoms 
including nausea and \omiling should be av-oided. 

In many patients with renal insufficient^’, pu/mo- 
mnj edema tends to be central, producing a ‘but- 
terfly pattern” on the chest x-ray. Il.alcs may be 
absent. Increasing agitation and Tcsllessness, 
coupled with accentuation of the second pulmonic 
heart sound, are often the first warning to the phj'Si- 
cian of an impending explosion of parcxj-smal 
dyspnea which may he warded off with digitalis. 
Diuretic drugs are generally ineffective when 
glomerular filtration rate is greatly restricted, ie., 
when the blood urea nitrogen fs over 80 to 100 mg 
per 100 ml. Chlorothiazide and its derh-atives arc 
probably safer under such circumstances than mer- 
curials, which may, especially after repeated cu- 
mulative doses, cause necrosis of renal cells. Am- 
monium chloride and other acidifying diuretic 
agents are useless and may be harmful in renal 
insufficiency. 

In e\ery case of chronic renal insufficiency it is 
important to consider the possibility of lower urinary 
tract obstn/etfon. Patients with chronic prostatic 
retention or urethral stricture, with overflow incon- 
tinence or infection that can be cleared only when 
the bladder is allowed to empty normally, may im- 
prasu reBWfiabJy svfth efrainsge. Chronic partial 
obstruction to the flow of urine, either at the bladder 
outlet or at the level of the ureters (as in the syn- 
drome of perUiTeterol fibrotis), may produce azote- 
mia without oliguria; in fact, urinary output may 
be increased because of the loss of concentrating 
power. In the bedridden and obtunded patient with 
chronic renal disease and adv'anced uremia, un- 
recognized functional difficulty in bladder emptying, 
often precipitated by sedatives, but treatable with 
Urechohne or Prostigmine, may be the cause of 
rapid and otherwise inexplicable deterioration. A 
delayed pattern of phenolsulfonphthalcin excre- 
tion will sometimes supply the clue to the presence 
of bladder neck obstruction. An x-ray of the abdo- 
men should be one of the initial studies of every 
patient with uremia, especially vvlien oliguria is 
present, since calculi may obstruct both ureters 
simultaneously, or a single ureter vvhen there is 
only one kidney. Failure to investigate the possi- 
bility of ureteral obstruction in such cases may be 
as disastrous as too vigorous instrumentation of the 
urinary tract in chronic nephritis. 

A sc.irth for urinary wfcclUm should be made in 



every’ patient witli chronic renal disease, and treat- 
ment with the appropriate antibiotic instituted tf 
an Infecting organism is found. In this connection, 
unnecessary instrumentation of the urinary tract 
should be avoided. In particular, the use of inlying 
catheters should be strongly eondemned except 
when absolutely necessary to relieve obstruction 
Patients with indwelling catheters almost invariably 
develop an active urinary infection, even when re- 
ceiving antibiotics prophylactically. The resulting 
necrotizing cystitis, aetiv'o pyelonephritis, or bac- 
teremia not infrequently proves fatal to the fragile 
patient vvitli renal insufficiency. 

Streptomycin, normally excreted by the hidney, 
may rapidly accumulate to toxic levels when given 
in usual doses to patients with impaired renal func- 
tion. Tetracyclines afso are excreted sfovvfy in pa- 
tients with damaged kidneys. Chloromycetin is 
inactivated normally, but Its metabolic products are 
only slowly eliminated 

In azotemie patients without edema, congestiv’e 
failure, or oliguria, restriction of salt is unwise as 
well as unnecessary. The intake of sodium by such 
patients should be encouraged, preferably as salty 
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l)iiig causes. Tumors of the- bLidclcr anti the treat- 
ment t)f stones are considered in this second chapter. 
The mechanisms underlying stone formation and 
the problems of renal and bladder infections ha\e 
already been discussed in Cliaps. 20 and 50, re- 
spectively. 


0^7 GENERAL ASPECTS OF 
AJi RENAL DISORDERS 
FranUin II. Epstein 

The ndationship between Diseases of the Kidney 
and Hypertension. The association of cardiac liy- 
pcitiophy with contracted hidnejs and albuminous 
unne \vas commented on by Richard Bright; since 
that time the relationship between hypertension and 
renal disorders has been a fruitful subject for study 
and .speculation. It is clear that renal distortion or 
scarring resulting from many diseases may cause 
arterial hypertension and generalized vascuLir dis- 
ease (Chap. 243). Often, however, liiero appears to 
be only tlie most casual relationship between the 
degree of encroachment upon renal excretory func- 
tion and the incidence or degree of high blood pres- 
sure. For example, hypertension may be scx'crc and 
rapidly progressive in a patient with unilateral con- 
striction of a renal artery, who has a normal urea 
clearance and phenolsulfonphlhalein excretion (.and 
c\cn a normal "routine urine"). On tlie other 
hand, another patient with severe chronic pyelone- 
phritis, marled azotemia, and anemia may Ime a 
normal blood pressure throughout most of bis life, 
only to dcselop a mild elesation terminally. In a 
third patient, small areas of scarring caused by 
bilateral interstitial pyelonephritis, which arc tlicm- 
selvcs insufficient to produce detectable impairment 
of renal function, may be associated with malignant 
hypertension. In turn, the generalized vascular dis- 
ease which accompanies hypertension may involve 
renal parenchyma, thus creating and reinforcing a 
vicious circle. 

Characteristic of the natural history of many renal 
disorders is a lalcut period between the initial insult 
to the kidney and the appearance of fixed hy^icrtcn- 
sion. Thus, although polycystic kidneys are un- 
doubtedly abnormal from birth, hypertension usu- 
ally docs not appear until the third or fourth decade 
of life Following acute glomerulonephritis, blood 
pressure usually returns to normal, though other 
signs of activity may persist. If healing is incom- 
plete, the patient may again become hypertensive 
years later, this time, perhaps, with the develop- 
ment of progressive azotemia. A similar latent 
period before the appearance of hypertension may 
mark the course of some patients who liavc suffered 

^ qiisodes of pyelonephritis or prcctlainpsi.a. 
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The IlcIationshi|) between Signs of Renal Failiire 
and Functioning Renal Mass. As illustrated in Fig 
257-1, the relationship between tlie plasma level of 
urea or creatinine and tlie rate of glomerular filtra- 
tion lakes the form of a hyperbola. TJio shape of 
this curve has important implications for the clini- 
cian, for it illustrates the extent of tlie physiologic 
reserve of the kidneys. Although the concenfratinn 
of urea m the blood varies inversely w'ltli the 
glomerular filtration rate from the very* first reduc- 
tion in the latter, one-half to three-quarters of both 
kidneys can be removed before the level of non- 
protein nitrogen is necessarily elcv’ated above “nor- 
mal" limits. Conv’ersely', if the blood urea nitrogen 
is persistently elevated in a patient with what ap- 
pears at first glance to be only unilateral renal 
disease, impaired function of the opposite kidney 
must be suspected 

It is possible, very roughly, to generalize tlie 
relationship between functioning renal tissue and 
the signs and symptoms of renal failure in the same 
fashion, as in Fig. 257-2. The hyperbolic curve 
clarifies some aspects of the course of many chronic 
progressive renal diseases characterized by a long 
‘‘btent" period and rapid terminal progression. One 
can visualize a slowly progressive process, relent- 
lessly destroying renal substance, which is relalhel.v 
asymptomatic for many years. \Vhen the limits of 
renal reserve are reached, symiptoms appear in swift 
succession and the condition of the patient de- 
teriorates rapidly, though there may be little actual 
acceleration of the rate of pathologic destniclion of 
Uie kidneys. 

The admittedly oversimplified curve of Fig. 257-2 
provides a rationale for the treatment of patients 
with renal disease. Tlie less kidney tissue there w 
remaining, the more difference an increment in 
(unclron makes to the patient. The fragility of p3* 
lients with little remaining renal function is ap- 
parent Prolonged dehydration, the depressant ef- 
fects of anesthesia, the circulatory’ shock of 
seplicximia may be easily withstood by a person 
with normal or slightly impaired renal reserve but 
disastrous to a patient balanced on the knife-edge 
of renal decompensation In evaluating the progno- 
sis of a patient with renal insufficiency, tlie extent of 
damage that is reicrsiblc is obviously tremendously 
important Tlie goal of the physici.xn in the treat- 
ment of advanced renal disease is the discovery and 
treatment of reversible disorders, no matter hoiv 
insignificant they may at first appear, because for a 
patient on llic sfwply ascending portion of the 
curve, a small improvement in function may me.xo 
the difference between life and death. 

Treatment of Chronic Renal Disease. One of the 
more import.’int reversible disorders frequently con- 
tributing to uremia is coti^esllvc heart failure. lo 
the presence of intrinsic renal disease, anemia, am 
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hemoglobin is below 8 Cm per 100 ml. Strenuous 
efforts to maintain normal or near-normal hemo- 
globin levels by transfusion are, however, unwise 
and unnecessary. Unless serum proteins are de- 
pleted, or hemostatic defects are present, in which 
case whole blood should be given, transfusions 
should ideally be of packed red cells derived from 
fresh blood. Transfusion should be given cautiously 
in the presence of congestive heart failure, but 
treatment of severe anemia should not be neglected 
because the heart is faOing; in such circumstances, 
transfusions should be of packed red cells given 
slowly in small amounts, with the patient in a sitting 
position. If blood is given at intervals to ambulatory 
patients with advanced renal disease before the red 
blood cell count has fallen to a critical level, gen- 
eral well-being and slrenglli may be greatly im- 
proved and the remaining days made happier and 
more useful. 

When oliguria is present, at any stage of renal 
disease, it is clear that the dietary intake of prolcin 
should be restricted, if not ebminated. Similarly, 
there is general agreement that protein intake 
should be increased in the nephrotic syndrome. 
Controversy still surrounds the proper prescription 
of protein in the diet of the large number of patients 
with chronic renal disease and azotemia who have 
an unditninished or increased urinary output. Un- 
fortunately, adequate studies on the long-range 
effect of variations in protein intake on the course 
of renal disease in man are almost nonexistent. It 
would seem reasonable that the common sense of 
the physician and a consideration of the nutritional 
needs of the whole patient should control advice 
about diet. Chronic nephritis is a wasting disease. 
Patients are frequently protein-depleted and ane- 
mic. Fatigue, anorexia, and weakness are prominent 
complaints. In many cases malnutrition has been 
intensified by unreasonable fear of protein. Too 
often in renal insufficiency the patient’s appetite 
forcibly limits any theoretical discussions of tbe 
optimum diet, but when a diet adequate in calories 
and protein can be supplied, a positive nitrogen 
balance (implying previous depletion of tissue 
stores of protein) can almost always be demon- 
strated. Obesity, to be sure, should be avoided, but 
where appetite is present, the clinician should be 
grateful and allow it full scope. A hungry patient, 
permitted to eat a diet normal in protein (I Gm 
per kg per day), may exhibit a gratifying return of 
strength, appetite, and well-being. The commonly 
encountered belief that red meal and eggs are more 
harmful to patients with nephritis than the protein 
of fish, milk, or vegetables is not valid. Alcoholic 
beverages, in modest amounts, are not harmful to 
the Iddneys, and their sedative qualities should not 
be neglected. 

The neuromuscular disturbances of uremia are 


often distressing and difficult to treat. Frank hypo- 
calccmic tetany can be relieved by intravenous cal- 
cium salts (1 Gm calcium daily as the gluconate or 
chloride for 2 to 3 days), but the gross tremors, 
bvitchings, and jactitations of uremia are general!)’ 
not improved by the administration of calcium. 
Occasionally they disappear or improve when hy- 
ponatremia is corrected. Care must be taken not to 
mistake the rigidity, tremor, and occasional con- 
vulsive episodes which sometimes follow overdoses 
of the phenothiazine drugs for the neuromuscular 
deterioration of renal insufficiency. Convulsions arc 
best controlled by the intravenous or intramuscular 
administration of sodium phenobarbital. Chloral hy- 
drate (1 to 2 Gm nightly) and Benadryl (100 mg) 
are useful sedatives. Itching is an extremely varia- 
ble symptom of uremia and not closely correlated 
with the level of blood urea. It may sometimes be 
controlled by daily cleansing baths, bland lubricat- 
ing ointments, and the use of Benadryl or sinular 
antihistaminic and sedative drugs. The author has 
occasionally observed relief when topical adrenal 
cortical steroids were used. 

Vigorous treatment of hypertension with gan- 
gh'onic blocking agents is often unsuccessful and 
may be hazardous when blood urea nitrogen 
reaches 60 mg per 100 ml or more. Under these 
circumstances small reductions in perfusion pres- 
sure and blood flow through the kidneys may pre- 
cipitate renal decompensabon. Cautious use of 
small doses of ganglionic blocking agents may be 
attempted when retinopathy or hypertensive heart 
failure is producing symptoms. Reserpine may be 
prescribed more freely, but is rarely completely ef- 
fective. Sodium depletion with diet or diuretic 
agents generally is harmful to renal function. Hy- 
pertensive headaches may be treated with aspirin 
or phenacetin; when they occur on awakening, ele- 
vating the head of the bed often provides some 
measure of relief. In this phase of management, 
as in many others, primum non nocere should be 
the rule; the patient with chronic renal insufficiency 
and hypertension who is asymptomatic should ui 
general be left alone. 

The role of artificial dialysis in the management 
of chronic renal disease has not been well delin- 
eated. It seems clear that some patients with 
chronic renal insufficiency, especially those in whom 
vascular disease is not far advanced, can be helped 
through an otherwise fatal complication, such as an 
acute infection or a surgical operation, by the j'udi- 
cious Use of dialysis. Patients with chronic glomeru- 
lonephritis in whom an attempt has been made to 
prolong life by repeated hemodialysis have even- 
tually succumbed to rapidly progressive vascular 
complications or infection. Transplantation of a nor- 
mal kidney from an identical twin has been success- 
fully accompLshed in a few pab'ents with chronic 
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{oods and drirvVs, rather than pills of soclium 
chloride, which lend to irritate the stomach- The 
slight expansion of extracellular fluid induced by a 
diet high in sodium is often reflected in improved 
renal blood flow and glomerular filtration. Excretion 
of urea, sulfates, and phosphates is augmented, and 
the secretion of acid and potassium is promoted 
(Cliap. 51). Because salt stimulates thirst, the 
intake of water is encouraged in a natural fashion 
and urinary flow is improved. The appearance of 
congeslhe failure sharply limits Uie extent to which 
an increased intake of salt can be used as a lever to 
improve renal function in chronic renal disease. 
Because of the henelicia] effects of salt on renal 
function, an attempt should be made to control 
early congestive heart failure in patients with 
chronic renal disease with digitalis, rather tlian by 
rigid limitation of dietary sodium. Unnecessary 
restriction of salt and consequent salt depletion 
may, m fact, result in considerable further impair- 
ment of renal function In many patients with renal 
insufRciency who are unable to consen'C sodium in 
the normal fashion when the intake of this ion is 
limited (p. 172). Salt-wasting is more common in 
patients with cluonic pyelonephritis than chronic 
glomerulonephritis but may occur in renal insiifli- 
cicncy of any etiology, in such cases the triad of 
asthenia, dehydration, and hyponatremia may even 
suggest the diagnosis of Addison's disease. From 5 
to 8 Gm sodium chloride daily may he required 
to prevent sodium depletion. Saltdosing may dis- 
appear or become less marked in the terminal stages 
of renal failure, as glomerular filtration becomes 
progressively compromised, congestive heart failure 
makes its appearance, and oliguria supervenes. 

Tile systemic acidosis which accompanies chronic 
renal insufficiency is often responsible for mild to 
severe nausea, fatigue, malaise, and breathlessness 
on exertion, long before Kussmaul mpiralions ore 
clinically apparent. Prescription of the equivalent 
of 4 to 6 Gm sodium bicarbonate dafly (as, for 
example, I to 2 tbsp of 10 per cent sodium citrate 
in syrup of wild clicrry, after each meal) usually 
suffices to maintain scrum bicarbonate at 18 to 22 
mEq per liter, and thereby to avoid the unpleasant 
side cflects of acidosis. £.xcessive administration of 
alkali must be avoided, especially in the presence 
of hypocalcemia (p. 470), where correction of 
acidosis without the simultaneous administration of 
calcium may precipitate tetany or convulsions. 
Large amounts of sodium bicarbonate or lactate are 
also contraindicated in congestive heart failure 

Because of the obligatory polyuria evident in 
most patients with chronic renal insufRciency, dehy- 
dration may be readily produced, ei en by relatively 
brief abstention from fluids. Thirsting and purgation 
in preparation for x-ray studies may prove fatal in 
the delicately bal.inced p.Tticnl with renal decom- 
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pensation. In such patients it is usually unnccessarv 
and iinwj'se to withhold fluids before blood is 
drawn for chemical determinations in the morning. 
Even minor surgical procedures should be under- 
taken against a backgroimd of adequate hydration, 
by tlie intravenous route if necessary, both before 
and after operation. Overnight polyuria in many 
patients results in early morning thirst and a feeling 
of hunger on awakening which quickly turns to 
nausea and vomiting, thereby perpetuating the 
vicious circle of dehydration. This can sometimes 
be prevented by taking a drink of water after 
urinating at night or be alL-iyed by a small pre- 
liminary feeding immediately’ after waking. 

The treatment of nausea in pab'ents with 
chronic renal disease should, as already indicatei!!, 
include close attention to proper hydration, correc- 
tion of acidosis, and treatment of sodium depletion. 
Anorexia is one of the first signs of a low serum 
sodium, and nausea is often dramatically improved 
when hyponatremia is corrected. The administration 
of ono of the phcnothiazinc derivatives several 
times daily or of Benadryl, coupled witli small fre- 
quent feedings, lias proved helpful. The pattern of 
meals should be adjusted flexibly to take adv'antage 
of the patient's sometimes unpredictable periods of 
hunger and well-being. ^Vhe^ vomiting Is persist- 
ent, all feeding should be stopped and fluids gi'ea 
intravenously for 1 or 2 days. The vomiting which 
marks the tennin.il stage of nephritis may be par- 
ticularly intractable; it is one of the few types that 
will continue after all food and fluids are withheld 
Although restriction of the fluid intake is contra- 
indicated, there is no reason to push fluids to the 
point of discomfort. The efficiency of the kidney in 
excrcb'ng urea and other solutes appears to reach 
a maximum at a urine volume of 2,500 to 3,000 ml; 
even the diseased kidney is not much more effective 
at higher volumes. Moreover, the ability to excrete 
large loads of water rapidly is impaired in most 
patients with azotemia. Excessive administration of 
water, especially when salt Intake is limited, is 
likely, therefore, to result in hyponatremia, with its 
attendant symptoms of nausea, muscle cramps, and 
mental disturbances. 

The anemia of renal insufficiency is unresponsive 
to liver and to iron. The latter may be given in a 
therapeutic trial, but if it is effective, it may rea- 
sonably be concluded that the anemia is not the 
product of uncomplicated renal failure. Reticulocy- 
tosis is reported to follow the administration of 
cobalt, but gastric irritation generally precludes the 
use of this medication in effective doses For the 
treatment of the anemia of advanced renal disease, 
rdiance must be placed on transfusions. Although 
the degree of tolerance to anemia varies greatly, 
weakness, shortness of breath, and poor appetite arc 
likely to be improved by transfusions when the 



THE KIDNEYS 


CHAP. 258 1479 


OKQ DISEASES OF THE 
A^O kidneys 

Franklin H. Epstein 

ACUTE GLOMERULONEPIinmS 

Acute glomcnilonephritis is nn acute, diiFuse in* 
flammalion of the glomeruli of the kidnc>'S. It rep- 
resents about 0.5 per cent of all admissions to 
general hospitals in the United States and is found 
at autopsy in 0.1 to 0.2 per cent of dcatlis. Tlic 
disease is bvicc as frequent in males ns in females. 
Although it is commoner in children than adults, 
it may occur in adults of every age. 

Etiology, Acute glomerulonephritis is best 
thought of as a pallcm of reaction of the hidnej-s, 
ratlicr Uian as a single disease \vith a specific eti- 
ology. Preceding infection with the group A, /J-lie- 
molytic streptococcus is by far die most common 
cause (p. 918). The infection usually arises in the 
upper respirator)* tract, and its severity Is not nec- 
essarily related to the incidence or severity of the 
ensuing nephritis. Streptococcal infection of the 
sVin or of wounds may also be followed by glo- 
merulonephritis. There is considerable evidence 
that only certain strains of group A streptococci 
are nepfuiwgenic; these include Ij-pcs 12, 4, 25, 
and Era Lake. 

Acute nephritis has been reported by Bates, Jen- 
nings, and Earle as a complication of an epidemic 
of acute pharyngitis, presumably of viral origin, in 
which streptococcal infection was excluded by bao- 
leriologlc and immunologic evidence. Bactcriol cn- 
dacardltls is frequently complicated by aailc glo- 
merulonephritis. Glomerulonephritis has occasion- 
ally been reported to follow other acute infections, 
hut most such reports lack convincing oidcncc to 
rule out associated streptococcal infection. 

Acute hemorrhagic nephritis superficially resem- 
bling the poststreptococcal variety may occur in 
the course of lupus erythematosus, periarteritis, or 
erythema nodosum. It is commonly seen as a com- 
plication of the allergic purpuras, associated with 
joint or abdominal pain. Finally, it may be a mani- 
festation of hypersensitivity to drugs or other for- 
eign agents. 

Pathogenesis. Attempts to produce acute glo- 
merulonephritis In animals by establishing an in- 
fection with streptococcus or by injecting dead or 
living streptococci have generally been unsuccess- 
ful. Nevertheless, it seems possible that alteration 
of glomerular tissue, perhaps by a blood-borne prod- 
uce of the streptococcus, is the first step in die 
pathogenesis of most cases of acute nephntis in 
man. The disease is probably the result of an auto- 
immune reaction, in wliich components of the glo- 
meruli and perhaps of small blood sesscls in the 
kidney, injured or modified by an inciting agent. 


scr\e as antigens. The evidence for this can be 
summarized as follows. (I) There is invariably a 
latent period (which may last 1 to 4 w'eeks but 
averages 10 to 14 days) between the acute strep- 
tococcal pharyngitis and the first manifestations of 
acute ncpliritis. (2) Serum complement falls coin- 
cident with the attack of acute nephrids (presum- 
ably as a result of combination with antigen and 
antibody in the kidney). (3) High concentrations 
of gamma globulin can be detected on the base- 
ment membrane of injured glomeruli in renal bi- 
opsies from patients with acute glomerulonephritis. 
It is of interest in this connection diat heterologous 
immune responses are much more easily demon- 
strated with components of glomerular basement 
membrane than with glomerular epithelial and en- 
dodiclia] cells and that the globulin fraction of 
antikidney scrums prepared in animals can be 
shown to attach primarily to glomeruli. 

Although the clinical picture as seen in man has 
not been exactly reproduced in animals, the most 
convincing experimental analogues of glomerulo- 
nephritis arc those produced by Injecting specific 
antibodies to the kidney (Masugi nephritis). Whole 
kidney tissue or glomeruli from one animal arc 
injected into another species, antibodies are allowed 
to develop, and after an appropriate Interval, serum 
from the second animal is injected intravenously 
into a new member of the original species. Protein- 
uria, hypertension, and nitrogen retention occur 
Tlie onset of the nephritis is generally abrupt but 
is sometimes (like poststreptococcal nephritis) char- 
acterized by a latent period. The lesions of the dis- 
ease may heal, or they may become chronic. It is 
of some interest to students of the toxemias of 
pregnancy that antibodies to placental tissue are 
also nephrotoxic. 

Lesions resembling glomerulonephritis are also 
observed in rabbits as part of the generalized ana- 
phylactic reaction in\X}Iving vascular endothelium 
which follows sensitization to foreign proteins 
These have an obiious analogy to those cases of 
nephritis in human beings associated with hyper- 
scnsitix'ity reaction. 

Pathology. Tile kidneys may be normal in size, 
but as a rule are sw'ollen. The surfaces are usualh' 
smooth and spotted with fine punctate hemorrhages; 
the pyramids are markedly* congested. The histo- 
logic picture may vary considerably, probably as a 
result of differences in tlie duration of the process 
and the degree of immunologic reaction as W’ell as 
in the nature and intensity of the provocative agent 
All or almost all glomeruli are generally involved; 
yet the degree of inflammation may vary from one 
to another and be focal in distribution inside tlie 
glomerular tuft. In poststreptococcal nephritis, the 
glomeruli are usually* swollen and hypercdlular, 
with thickened glomerular loops, infiltrating poK- 
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ri-rial diicase, with disappearance of the uremic 
sjTidrome. Immunologic barriers, however, continue 
to prevent the successful transplantation of organs 
from nonidentical donors. 

Approach to the Diagnosis of Asyinplomallc 
Proteinuria. A few points in the study of the pa- 
tient witli as)Tnptoniatic proteinuria deserve special 
cmpiiasis Postural proteinuria (p. 173) should be 
ruled out, as wdl as the proteinuria which is nor- 
mally associated with exercise or which follows cer- 
tain febrile diseases. A careful history should Inquire 
into the possibility of recent respiratory or shin in- 
fections, recurrent pyelitis, edema or hypertension 
during pregnanej', arthritis, rash, and drug sensi- 
tivity. A history of enuresis past the age of sue may 
suggest congenital structural or neurologic anoma- 
lies of the urinary tract or chronic childhood 
pvchtis. The results of prior examinations for em- 
ployment, insurance, or mihlary service should be 
ascertained. The family history may be positive for 
renal and vascular diseases; inquiry should also be 
made about gout and diabetes. Blood pressure 
should be checked in the erect as well as supine 
position and retinal as well as peripheral vessels 
examined. Amyloidosis may be suggested by an 
enlarged liver or spleen; the presence of palpable 
masses in both upper quadrants should also raise 
the question of polycystic kidn€)s Fhpical ex- 
amination should not overlook the possibility of a 
c)'Stocele or enlarged prostate 

A clean urine should be obtained and cultured 
(p 1037) . Examination of a fresh urine sediment bij 
the physician is a most important diagnostic maneu- 
ver. The composition of casts is particularly signifi- 
cant Clumps of leukocytes and white blood cell 
casts with or without bacteria apparent on the 
siamed smear suggest pyelonephriUs. Leukocyte 
casts are also sometimes seen in acute glomerulo- 
nephritis. If hematuria is accompanied by red blood 
cell casts, an active hemorrhagic lesion in the 
glomerulus is likely. Red blood cells and epithelial 
cells entrapped in casts, together with casts con- 
taining hpid droplets, should suggest glomerulone- 
phritis, without distinguishing among its various 
etiologies. It should be emphasized that the absence 
of characteristic formed elements in the urinary 
sediment does not rule out either chronic glomcru- 
loneplintis or pyelonephritis. If more than 2 to 3 
Cm of protein is excreted in the urine daily, a 
generalized disease primarily affecting glomeruli 
is likely to be present. Congestive heart failure and 
malignant hypertension, regardless of etiology, may 
also be assodated with heavy proteinuria. 

Blood urea, scrum creatinine, and phenolsul- 
fonphth.ilein excretion are useful in assessing the 
degree to which renal reserve has been impaired. If 
the blood urea nitrogen is over 20 mg per 100 ml 
*-or the serum creatinine above 2 0 mg per 100 ml, it 
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is likely that Ixitli kidneys are involied by the (1^- 
ease process. A phcnolsulfonphthalein excretion of 
less than 25 per cent in 15 min or 60 per cent in 
2 hr is indicative of renal impairment; excretion 
which is greater during the second hour than the 
first may suggest hydronephrosis or incomplete 
bladder emptying. (Inadequate urine volumes fn 
the 15-min sample may be avoided by starbng 
the phcnolsulfonphthalein test after the patient has 
been hvdraled and injecting the dye only after he 
feels an urge to void.) Occasionally, a dispropor- 
tionate elevation of blood uric acid will suggest un- 
derlying gouty nephropathy. Examination of the 
blood for LE cells or of the serum for antinuclear 
antibodies may detect early lupus erythematosus 
Electrophoresis of the serum may reveal globulins 
charat^eristic of multiple myeloma. 

The size and shape of the kidneys as well as the 
structure of calyces and ureters may be ascertained 
from an intravenous pyelogram. At the conclusion 
of this examination, a postvoidmg film of the blad- 
der may give infonnation about residual urine 
without the necessity for cadieterization. The siJe 
of the kidneys can be estimated in relation to the 
vertebral shadows on the plain film of the abdomen, 
normal kidneys are approximately as long as three 
to three and one-half lumbar vertebral bodies 
\Vhen one kidney is shrunken and the other has 
failed to hj-perlropliy, disease is usually bibteral 

Percutaneous needle biopsy of the kidney has 
provided much useful information for the student 
of renal disease, but even in the most skillful hands, 
it is not vvitliout hazard. In the author’s experience, 
it has not infrequently contributed helpfully to the 
management of the individual patient (eg., the 
unexpected finding of amyloidosis or periarteritis; 
the detection of advanced changes of pyelonephri- 
tis in an apparently imiDvoJved kidney/), but >ls 
greatest value has been to illuminate the still ill- 
defined natural history of diffuse diseases of the 
kidney. The accuracy of needle biopsy as a diag- 
nostic technique is limited in focal disorders of the 
kidneys by the small size of the specimen and in 
diffuse glomerular disease by the fact that the sam- 
ple obtained may contain no or few glomeiuli- In 
most patients with proteinuria, proper use of th® 
more conventional diagnosHc methods will permit 
an accurate working diagnosis. Interpretation of 
biopsy sections must be made with proper regard 
to the rest of the clinical and laboratory finding* 
and to the fact that, in this relatively new area of 
clmica! investigation, both pathologist and clinician 
still hav« a great deal to learn. 

Finally, the diagnostic maneuver of following i'W 
patient, in addition to being innocuous, has a great 
deal to recommend it. Acute or self-limited proc- 
esses, even when the liistologic picture is clear, can 
sometimes be diagnosed only in retrospect 
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failure rusponshc to digitalis (and associated willi 
a prolonged circulation lime) may at limes com- 
plicate acute nephritis. Wlicn orthopnea is present, 
especially if accompanied by rales or gallop rbythni, 
digitalis should be prescribed. In other instances 
of edema and elevated venous pressure, a careful 
therapeutic trial of digitalis should be undertaken, 
uith the knowledge that in many instances it will 
be found ineffective. 

Hypertension is observed in approximately 50 
per cent of adults with nephritis admitted to a gen- 
eral hospital. The incidence may be lower in mild 
cases detected in tlic course of a streptococcal epi- 
demic. Tlie onset is usually coincident with the first 
abnormal urinary findings, allhough in certain eases 
it may even precede and in others follow them. 
Tlie elevated blood pressure is presumably caused 
by the release of renin, which has been delected 
in tlie peripheral blood of patients with fulminating 
acute nephritis. 

The optic fundi ore generally normal but may 
show arteriolar narrovving and in exceptional cir- 
cumstances, papilledema, hemorrhages, and Cliffy 
exudates. 

\Vhen the blood pressure rises rapidly, headache, 
somnolence, and eoncids/onj may develop, simu- 
lating in an occasional ease the clinical picture of 
brain tumor. The differential diagnosis in such In- 
stances Is not made easier by the fact tliat pro- 
teinuria and microscopic hematuria arc often de- 
tected immediately following generalized seizures 
of any origin. Vomiting, dehydration, and heart 
failure appear to predispose to convulsions. They 
are not dependent on nitrogen retention but arc 
probably the result of cerebral ischemia or tiny 
hemorrhages secondary to changes in the cerebral 
vasculature. 

hiild anemia occurs frequently in acute glomer- 
ulonephritis, especially with edema. Total red cell 
volume has been found to be nonnal in many such 
patients, in whom the low hematocrit reflects dilu- 
tion. In addition, depression of the bone marrow 
and increased destruction of red cells may contrib- 
ute to anemia in certain azotecnlc patients. Scrum 
albumin may be low, as a result of urinary losses 
and of the excessive catabolism of protein observed 
in many acute diseases or Injuries. Serum choles- 
terol may be elevated, even when serum albumin 
IS not greatly decreased. The presence of anemia 
and hypercholesterolemia, then, does not necessarily 
mean that nephritis is chronic or progressive. 

Changes in renal function which occur in acute 
nephritis are characteristic. Glomeiulai filtiatioo 
rate is usually depressed, and to a greater degree 
than renal blood flow. The latter may, indeed, be 
elevated, though in severe cases it falls as weQ. 
Filtration fraction is therefore reduced. Blood urea 
nitrogen is elevated in perhaps half of the patients 
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with glomerulonephritis. In cases of mild or mod- 
erate scv'crity, phenolsuUonphlhalein excretion is 
either normal or only slightly decreased, even vvhen 
the blood urea nitrogen is elevated. ^Vith more se- 
vere initial involvement, or with progression of the 
disease, excretion of phcnolsulfonphthalein may fall 
Acid urine of high specific gravity may be excreted 
early in the course of the illness, despite pronounced 
azotemia. The combination of azotemia with well- 
maintained phcnolsulfonphthalein excretion and 
high urinary specific gravity is seen in few diseases 
of the kidney other tlian acute g/omcrulonep/iritfs. 

The urine may be grossly bloody or coffee-col- 
ored; on the other hand hematuria may be appar- 
ent only on careful inspection of the spun sediment. 
The identification of red cells embedded in casts 
establishes the glomerular origin of the bleeding. 
Granular and epithelial cell casts, especially the lat- 
ter, arc characteristically present. Lipid droplets 
and fatty casts are usually not present at the verj’ 
onset of the disease, but may appear within the 
first few weeks, regardless of the presence or ab- 
sence of h}-pcrlipcmia in the serum. Leukocytes and 
white blood cell casts reflect the essentially inflam- 
matoiy' character of tlie glomerular lesion. Protein- 
uria may reach Impressive levels, over G to 8 Cm 
daily, but is more often below 2 Cm per day. Es- 
pecially during rccox-ery, protein may disappear 
from the urine while red cells and red cell casts 
continue to be cxereted. 

Tlie disease is sometimes ushered in by a period 
of oliguria which may progress to complete anuria. 
Usually this lasts only a few days, but an occa- 
sional ease of anuria lasting more than 10 days has 
been reported in acute glomerulonephritis followed 
by complete recovery. The oliguria which occurs 
at the onset of acute nephritis has a much better 
prognosis than that which may supervene when the 
disease has been active for several weeks. In con- 
trast to patients with acute tubular necrosis, urinary 
sodium concentration is very low (less than 15 
mEq per liter) in oliguria secondary to glomerulo- 
nephritis, and urinary osmolarity is often signifi- 
cantly above that of plasma. 

Extrarcnal vasculitis may be an important con- 
comitant of acute nephritis. Its myocardial and 
cerebral manifestations have already been men- 
tioned. Purpuric rashes, subungual hemorrhages, 
and even acute arthritis may rarely be seen in the 
course of severe poststreptococcal nephritis. At post- 
mortem, necrotizing and organizing lesions of peri- 
arteritis may be found in the kidneys and else- 
where. 

Finally, it should be emphasized that patients 
may develop acute nephritis with no symptoms and 
no abnormal physical or laboratory findings other 
than mild proteinuria and an abnormal urinary 
sediment. 
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morphoniiclear leukocytes, and prolifer.nlion of en- 
dothelial and epillielial cells. Occasionally, howe\'er, 
especially when function is completely recovered, 
but while tlie urine sediment is still abnormal, renal 
biopsy will reveal glomenJi wliich appear normal 
except for occasional focal thickening of basement 
membranes. Red cells and red cell casts are present 
in the tubular lumens. Tubular cells may appear 
flattened or vacuolated, but pathologic changes in 
tubules are minimal compared with those in the 
glomeruli. Afferent arterioles may sometimes show 
focal medial necrosis with perivascular cellular in- 
filtrates, and there may be similar lesions of the 
interlobular vessels. 

As die disease process subsides, there may be 
resolution of the inflammatory process, with restora- 
tion of normal arclutccture. More frequently, hy- 
nlinizcd glomeruli, glomerular adhesions, ond x-as- 
ciilar changes persist, with xvedge-shaped areas of 
atrophy and fibrosis separated by areas of relatively 
well-preserved tissue in which the remaining tu- 
bules are dilated. Even after the urine has com- 
pletely cleared, focal hypercellularity and thicken- 
ing of the stalks of glomerular lobules may persist 
Widespread proliferation of the capsular epithe- 
lium, producing glomerular “crescents,” is a char- 
acteristic finding in those patients who deteriorate 
rapidly, dying with h)'p6rterision and oliguria 
within I to 12 months of the onset of (he disease. 

Clinical Features and Pathologic Physiology. 
Common clinical manifestations of poststreptococ- 
cal glomerulonephritis are detailed on p 918. Tlie 
clinical picture is not Infrequently dominated by 
one or more signs or symptoms which ox'crshadow 
tlie rest and may initially mislead the physidan who 
anticipates n “classical” pattern Frequent present- 
ing symptoms include anorexia, abdominal pain, 
facial edema, congestive heart failure, gross hema- 
turia or coffee-colored urine, oliguria or anuria, and 
unexpected convulsions. 

Fatigue and anorexia are almost universal; it is 
unusual for a patient with acute glomerulonephritis 
to feel as well as before the illness or to have a 
good appetite. 

Pain in the loins or abdomen may be colicky or 
steady, and in exceptional instances, so severe as 
to simulate a surgical condition. Fever generally 
docs not exceed 101®F and usually subsides within 
a few days after hospitalization; persistent fever 
may somelunes be caused by residual streptococcal 
or other infection or by a reaction to antibiotics. 

Although facial edema is extremely common, 
edema of the legs without any swelluig of the face 
is frequent, especially in older persons. Edema may 
be generally distributed and hence unapparcnl, and 
the only clue to Hs presence may be a 5- or 8-lb 
weight loss after tlic patient is put to bod and 
given a low-salt diet ijricahzation of edema about 
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the eyes is best explained by the low tissue turgor 
in tius region. The absence of orthopnea, at least 
during the early stages of the disease, further favors 
accumulation of fluid in the upper half of the body 
during the hours of sleep. 

Wliether salt and water retention in acute nephri- 
tis is primarily’ due to renal disease per se or sec- 
ondaiy to other circulatory disturbances which pro- 
voke even normal kidneys to retain sodium is not 
entirely clear. Considerable evidence suggests that 
disproportionate reduction in glomerular filtration 
rate is responsible for the initial oliguria and sub- 
sequent retention of sodium which result in e.xces- 
sive accumulation of extracellular fluid. Edema for- 
mation is generally associated with some decrease 
in the inuhn clearance, and diuresis with a fall in 
blood urea nitrogen. Nevertheless, diuresis may be 
initiated in acute nephritis without any measurable 
Improvement in a depressed filtration rate; the re- 
lationship bctw’een impaired inulin clearance and 
sodium retention is therefore not simple or clear- 
cut. 

Generalized capillary damage Is prob.ibly not a 
cause of edema in nephritis, since the edema fluid 
does not contain increased amounts of protein. Al- 
though hypoalbuminemia resulting from extensive 
losses of plasma protein Into the urine may con- 
tribute to edema in some cases, this factor cannot 
be the most important one in the many instances 
where plasma volume, by direct measurement, ia 
incrcas^ or normal. Urinary exaetion of aldoster- 
one may be low in acute glomerulonephribs in the 
presence of edema, even when the patient is on 
a salt-free diet. As might be e-xpected in such a 
situation, spironolactone does not provoke diuresis. 
Renal retention of sodium under these circum- 
stances is probably a result of altered renal hemo- 
dynamics, rather than e.teessivo secretion of salt- 
retaining hormone by the adrenal cortex. 

Together with edema, signs and symptoms of 
congestive heart failure are often prominent, 
whether or not arterial hypertension is present. The 
sudden onset of heart failure in a previously well 
person may be the manifestation which brings the 
patient with acute nephritis to the doctor. Fatal 
pulmonary edema may be precipitated by convul- 
sions. Tile heart is usually somewhat enlarged, and 
the venous pressure may be elevated. Nonspecific 
alterations in the electrocardiogram arc common 
Unlike the pattern of “low-output” cardiac failure, 
the circulation time is typically normal or short, 
and cardiac output is normal even when edema Is 
present or increasing. Under such circumstances 
cardiac output does not rise further when digitalis 
is administered. It seems probable that, in most 
ca^s, circulatory congestion is n result of fluid re- 
tention rather than its cause. 

It should l>c emphasized, however, that heart 
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^vhich predominantly afFect the glomerular tufts, 
causing inflammatory changes and subsequent scar- 
ring. The course and pathologic finings vary’ 
widely, not only because of diverse etiologies, but 
also because of variations in the response of differ- 
ent patients to the same injurious agent. It may 
be expected that, as knowledge of the nature of 
renal disease expands, additional nosologic entities 
will emerge from the group termed “chronic glo- 
merulonephritis” as distinctly as Kimmelstiel-Wjlson 
disease and lupus nephritis have in the past. 

Chronic glomerulonephritis affects all ages, but 
is most frequent in the earlier periods of life. It is 
more common in men than in U’omen. Only a mi- 
nority of patients have a clear-cut history of acute 
onset following infection or have evidence of anti- 
bodies against nephritogenic strains of streptococci. 
Some cases of chronic nephritis probably originate 
in an unapparent infection with streptococcus, fol- 
lowing wliich edema or bloody urine was not 
noticed, but it seems bkely that many instances 
represent a different disease from that of poststrep- 
tococcal glomerulonephritis. Occasionally a strong 
familial predisposition to chronic nephritis is appar- 
ent. Some characteristic patterns are considered 
below. 

“Crescentic Cfomcrw/oncp/iri/is.'’ The entire 
course lasts only a few months, usually less than a 
year. Sometimes the onset is explosive, originating 
in acute nephritis following an infection. In other 
instances evidence for an infectious etiology is ab- 
sent and the beginning of the disease can be dated 
Only by the last normal examination. In any case, 
fatigue, anemia, and breathlessness quickly appear, 
hypertension is prominent even though the heart 
may initially not be enlarged, the urine contains 
large quantities of protein and red cells and may 
be grossly bloody. Oliguria and rapidly advancing 
uremia, complicated by pulmonary edema, char- 
acterize the terminal weeks. The kidneys are usu- 
ally normal in size, and the glomeruli are swollen, 
with intense proliferation of the capsular epithe- 
lium, resulting in widespread crescent formation. 

“Latent Nephritis." Abnormal urinary findings 
may be detected in a completely asymptomatic pa- 
tient in the course of a routine physical examina- 
tion. Renal biopsy’ may show a patchy glomcrulitis, 
with focal thickening of glomerular loi^, occa- 
sional capsular adhesions, and some completely 
hyalinized glomeruli. Otlicr glomeruli may appear 
completely normal. Alterations in arterioles of the 
kidney can sometimes be delected even tbou^ 
blood pressure is normal. 

Hypertension is often absent. The fundi are nor- 
mal. TTie usual tests of renal function may be com- 
pletely within normal limits, and serial studies o\er 
many years may show no or very slow progression 
of functional impairment. The character of the uri- 
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nary sediment is often a poor guide to prognosis; 
moderate proteinuria, red cells, and red cell casts 
may be present intermittently or continuously for 
years, with a normal or only slightly elevated serum 
creatinine. There is reason to believe that the path- 
ologic process is continuously active at a low level, 
though counterbalanced by forces of repair and 
renal hypertrophy. Some patients live normal hves 
for decades xvithout any change, or occasionally are 
cured; others eventually develop severely impaired 
renal function and hypertension. 

Pregnancy may' in some cases be safely under- 
taken by patients in whom hypertension has not 
appeared and whose blood urea nitrogen is normal; 
in others the risk of preeclampsia or exacerbation 
of nephrib's is greatly increased. 

Nephrotic Syndrome, In the course of glomeru- 
lonephritis in some patients the disease begins in- 
sidiously with nightly s^velIlng of the ankles and 
early morning puffiness of the eyes. Proteinuria is 
In excess of 5 Gtn dally, and serum albumin is low 
Hypertension may or may not be present initially 
but eventually makes its appearance. Renal biopsy 
may reveal diffuse thickening of all glomerular 
loops, with little or no cellular proliferation, capsu- 
I.nr adhesions, or crescent formation, though all 
these changes may be present in occasional in- 
stances. In some cases interlobular thickening in 
the glomerular tufts is focal rather than diffuse 
(chronic interlobular glomerulonephritis), resulting 
in a pathologic picture that superficially resembles 
the nodular form of Kimmektiel-Wilsoti disease. 
The rate of progression of the lesion is extremely 
variable, though within 6 years perhaps half of all 
patients will have developed the uremic syndrome. 
Occasional pab'ents appear to recover completely. 
In many cases, edema remits as the glomerular fil- 
tering area is progressively restricted and the ex- 
cretion of protein falls, in others, hypoalbuminemia 
and edema persist to the end. 

Hypertension. Many patients with chronic glo- 
merulonephritis seek medical attention because of 
complaints associated with hyqjertension. Sometimes 
high blood pressure xvill be found to have de\ el- 
oped without significant impairment of renal func- 
tion, Such cases may be indistinguishable in their 
clinical manifestations and course from benign es- 
sential hypertension, except for the fact that pro- 
teinuria, dating in occasional instances from a 
clear-cut attack of acute nephritis, has antedated 
the hypertension. In some Instances "malignant hy- 
pertension," xvith papilledema and extremely high 
diastolic blood pressure, may develop and domi- 
nate the picture. In patients In whom azotemia has 
not become pronounced, judicious use of ganglionic 
blocking agents may produce a remission in the 
pattern of malignant hypertension without seriously 
damaging renal function. 
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Differential Diagnosis. Periorbital edema, occur- 
ring as an initial symptom of urticaria, trichinosis, 
infectious mononucleosis, or insect bites about the 
face, may suggest acute nephritis tmlil the urine 
is examined. The finding of red cell casts and the 
coincidence of an elevated blood urea nitrogen with 
normal phenolsulfonphthalein excretion serve to 
exclude many other diseases of the urinary tract, 
in which glomeruli are not primarily affected. The 
nephritis associated with lupus, pol)’arleritis irodosa, 
and subacute bacterial endocarditis will often be 
recognized as a complication of the prini.ary dis- 
ease, but sometimes may be its only manifestation. 
The characteristic elevation and subsequent fall of 
antistreptolysin titer is excellent e\’idence of pre- 
ceding streptococcal infection, but may not be 
present, especially when tlie infecHon has been 
treated with penicillin. Gross hematuria with lower 
urinary symptoms is much more libcly to be due 
to hemorrhagic cystitis or prostatitis. In middle- 
aged and elderly men, azotemia and hematuria may 
bo mistakenly asaibcd to the prostate until the 
daily excretion of protein is found to be greater 
than 2 Gm, suggesting the correct diagnosis of 
glomerulonephritis. The presence of small kidneys 
or of severe anemia (less than S Cm of hemoglobin) 
suggests chronic renal disease, as do the stigmata 
of prolonged hypertension in heart, blood x'csscls, 
and fundi. The appearance of acute nephritis Im- 
mediately following a respiratory infection, with- 
out a latent period, suggests an acute exacerbation 
of chrome nephritis. Persistent fever, cardiac mur- 
murs, or a palpable spleen should spur a search 
for subacute bacterial endocarditis. 

Course and Prognosis. The course and outlook 
of acute glomerulonephritis vary svidely. In chil- 
dren or joung adults who develop nephritis follow- 
ing streptococcal infection, the entire disease may 
be over within 2 to 4 weeks Most patients recover 
completely, although a small number (less than 
10 per cent) go rapidly douTihil] and die within 
the first few months. On the other hand, in the 
adult population of a general hospit.!!, the likeli- 
hood of chronicity appears to be mucli greater. It 
has been estimated that 20 to 50 per cent of adult 
patients hospitalized with acute glomerulonephritis 
either succumb to die acute episode or go on to 
develop chronic desease. Tiie latter may be quies- 
cent for long periods and manifested only by pro- 
teinuria and an abnormal urinary sediment. The 
ultimate outcome bears a rough relation to the 
initial severity of the illness, though there are many 
exceptions to this rule. The most frequent duration 
of tfie disease in hospitalized adults is probably 
about 2 to 3 montlis. Blood pressure usually re- 
turns to normal licfore the urine clears. Heavy 
proteinuria lasting longer than 3 to 4 months sug- 
gests a poor prognosis, though nephritis may heal 
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completely even after proteinuria has been present 
for as long as 2 years Microscopic hematuria com- 
monly persists for some months after proteinuria 
has disappeared or diminished to a faint trace. 
Postural dizziness, easy flushing, and other signs 
of autonomic instability, as well as postural pro- 
teinuria, are not infrequent during convalescence 
After the urine has become completely narm.il on 
several examinations, a second attack of nephritis 
is extremely unlikely, probably because of the per- 
sistence of type-specific antibodies to the hemoljdc 
streptococcus. 

Acute nephritis associated vsnth anaphylactoid 
purpura (Henoch-Schonlein disease) has a mucli 
worse initial prognosis and higher incidence of 
chronicity tlian the poststreptococcal variety. 

Treatment. Penicillin should be given to eradi- 
cate residual streptococcal infection, even uhen 
this is not proved, but only suspected. It has been 
suggested that early treatment of streptococcal in- 
fections with penicillin may prevent nephritis, but 
in the only stmJy performed to test this bypotbesb 
the number of patients observed was too small to 
draw statistically valid conclusions. 

During the acute stages bed rest is indicated, at 
least until the systemic manifestations of the dis- 
ease have dis.ippeared. There is no critical evidence 
to establish that further rest in bed appreciably 
modifies the course, although most studies con- 
cerned with this problem have been carried out 
in cases of mild nephritis in children in whom com* 
plete recovery is the rule. If proteinuria or micro- 
scopic hematuria is the only remaining sign after 
6 weeks to 2 months of rest in bed, the patient may 
be allowed up. 

In the presence of edema, salt should be re- 
stricted. Mercurial diuretics are contraindicated 
Chlorothiazide may be emploj'cd. Treatment for 
congestive heart failure is discussed above and on 
p. 1385. During the initial stages of the disease, 
when urinary output is restrict^, it may be wise 
to limit the intake of protein as outlined below’ 
under Acute Renal Failure (Treatment). Tliere is 
no reason, however, to restrict protein during con- 
valescence. 

Hypertensive crises may be treated with 2 5 mg 
of reserpine intramuscularly two to four times a day 
or by an infusion of magnesium sulfate. 

Adrenal steroids have no clear-cut beneficial ef- 
fect in tmutc nephritis. \Vhen massive doses of ster- 
oids and of nitrogen mustards have been used m 
occasional instances of rapidly progressive glomer- 
ulonephritis with oliguria, they have faded to mod- 
ify the course. 

CHRONIC GLOMERULONEPHRITIS 

Chronic glomeruloncpluitis is in all Jikeldiood not 
a single entity but a collection of different diseases 
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cxcfpt possibly iti patients in wliom frequent «- 
accrlwtions arc clearly related to respiratory infec- 
tions. Prophylactic administration of penicillin (p. 
921) may have similar theoretical advantages but 
has not been shmsm to alter the course of the dis- 
ease. Treatment of the nephrotic syndrome is dealt 
with on p. 1490 and management of renal insuIB- 
cienc)* on p. 1475. 

CimONIC PYT-LONEPIiniTIS 

Chronic pjelonephritis is present in 0 to 8 per 
cent of autopsied patients and accounts for os'er 
one-third of those dying with uremia. Up to middle 
age it is far more frequent in women, for the rea- 
sons mentioned on p. 1037. In old age, obstruction 
of the bladder in males by prostalic hypertrophy 
restores the balance. In contrast to the preponder- 
ance of ^^•omcn wth pyelonephritis in the clinic, 
the incidence of pyelonephritis at postmortem Is 
approximately equal in men and women. This may 
be a reflection of the frequency of lower urinary 
symptoms in women or of the nonspecific nature 
of some of the morphologic changes usually attrib- 
uted to chronic or repeated bacterial infection. 

About trvo-thirds of patients with chronic pyelo- 
nephritis have an obstniclive lesion of the upper or 
lower urinary tract. In a large proportion of pa- 
tients, how'cver, there is no evidence of predispos- 
ing disease, obstructive or othenvise. 

Pathology. The kidneys arc frequently asyin- 
metrical in size. Tlie parenchyma is scarred, and 
the surface is coarsely and irregularly pitted. In 
many areas glomeruli and tubules are completely 
replaced by connccthc tissue which may contain 
lymphocytes and plasma cells. Foci of active in- 
terstitial inflammation may he seen throughout 
medulla and cortex, and leukocyte casts arc found 
in some tubules. OUier tubules ate dilated and con- 
tain large amounts of homogeneous eosinophilic 
material (colloid casts). Most glomeruli appear 
relatively normal in comparison with the nearby 
atropbic tubular and inflammatory interstitial 
changes. The capsule of many glomeruli is dispro- 
portionately thickened and Abiotic in contrast to 
the relative integrity of the malpighian tufts. Some 
glomerular loops may be thickened or hyalinized, 
probably as a result of vascular changes proxhnally. 
and there are cortical clusters of fibrotic glomeruli, 
especially within the wedges of atrophic areas. Of- 
ten distinctive inflammatory changes in the pelvic 
mucosa are Jacking. A proliferative endartentis is 
usually present, most marked in the areas of chronic 
inflammation. More generalized and severe vascular 
changes develop with the onset of hypertension. 

It should be emphasized that, even at the autop^ 
table, the diagnosis of chronic pyeionephriHs is of- 
ten not clear cut. None of the foregoing changes 
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is pathognomonic of chronic infection of the kid- 
neys, though when taken together, they are useful 
in suggesting the diagnosis. Similar morphologic 
features may be encountered as a result of other 
diseases, including the nephropathy of chronic po- 
tassium depletion, nephrocalcmosis, chronic phenac- 
etin poisoning, and primary vascular disease of the 
kidney's. 

Clinical Features. “Starting w'ith a pyelitis in 
childhood, an infection of the urinary tract during 
pregnancy, or, in rare instances, an acute pyelone- 
phritis. there may be from time to time attacks of 
unexplained fever, w’ith or without slight or fairly 
sewre pain in the lumbar regions. These attacks 
are often accompanied by the passage of cloudy 
urine. Occasionally there is a history of albuminuria 
of many years' duration. Often there is a story of 
malnutrition or sometimes of retarded growth in 
children, leading occasionally to rickety deformities. 
In some instances the progress of the disease is, 
for years, symptomless” (Longcope). The majority 
of patients fall into the last-named category. Early 
symptoms are particularly infrequent in the group 
with bilaterally atrophic, nonobstructed kidneys. A 
history of acute pyelitis in childhood may be espe- 
dally difficult to obtain because the symptoms are 
mainly gastrointestinal, the physical signs arc 
scanty, and pyuria is difficult to demonstrate: a 
histoiy of persistent enuresis is sometimes the only 
helpful clue. 

Patients often, therefore, come to the attention 
of the physician only when renal failure or hyper- 
tension has made its appearance, or because of the 
accidental discovery of proteinuria. Fatigue and 
lassitude associated with anemia may be the pre- 
senting complaints. If renal failure is severe, nausea 
and vomiting or breathlessness may be present. 
Edema is rare, and when it occurs it is a result of 
heart failure. Hypertension may be accompanied by 
headaches, visual disturbances, and signs of con- 
gestive failure. Splenomegaly occurs in some pa- 
tients xvith chronic pyelonephritis; when it is asso- 
ciated with anemia, a prunary hematologic disease 
may be simulated. 

About txvo-thirds of patients with chronic pyelo- 
nephritis develop hypertension at some time in the 
course of their illness. It has been suggested that 
this is related to the contraction of scar tissue and 
to endarteritis obliterans with focal renal ischemia, 
rather than to diffuse renal damage. The blood 
pressure may become elei’ated long before there is 
measurable impainnent of renal function, and only 
a persistently positive urine culture or characteristic 
changes in the intravenous pyelogram may distin- 
guish the clinical picture from that of “essential” 
or “malignant” hypertension. The incidence of hy'- 
pertension is greater in the interstitial, nonobstruc- 
tive form of pyelonephritis than in the obstructive 
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Exacerbalion$ of Chronic Nephrilia. Resplraloiy 
fii/cctions, especially with the streptococcus, somo- 
tiines cause an increase in proteinuria, hematuria, 
and hv'pertcnsion as well as a variable decrease in 
renal function in patients with chronic nephritis. 
Tlicsc exacerbations may be distinguished from at- 
tacks of acute nephritis, which they resemble, by 
the short latent period between Uie onset of the 
infection and the exacerbab'on. In some patients, 
re\’ersible etaccrbations of vascular disease char- 
acterized by rising blood pressure, hematuria, and 
retinitis occur without evidence of preceding in- 
fection and subside spontaneously. 

As lias been emphasized above, the course and 
duration of chronic glomerulonephritis are highly 
varied and often unpredictable. While many pa- 
tients fit a “classical" pattern, others partake of sev- 
eral. Many patients progress into the terminal stage 
without ever having experienced edema. An occa- 
sional patient develops clear-cut acute glomerulo- 
nephritis following respiratory infection, succeeded 
by a "nephrotic stage,* which yields over a period 
of years to slowly progressive renal insufficiency 
and mounting hypertension. It is not usual, how- 
ever, to observe this full sequence of events in one 
individual. 

It is almost impossible, except in the most ad- 
vanced cases, to offer an accurate prognosis from 
a single set of clinical observations and tests of 
renal function. Serial observations of the blood urea 
nitrogen or serum creatinine, phenolsulfonphthalein 
excretion, the degree of proteinuria and anemia, 
and the blood pressure may afford an estimate of 
the velocity and character of the process. Probably 
because of the intensity of the associated vascular 
disease, the prognosis is much worse in glomcruio~ 
nephrilia with renal insufficiency than in pyelone- 
phrills With azotemia of comparable seventy. 

Although the blood in chronic glomerulonephritis 
may remain normal for years, anemia eventually de- 
velops in most patients by the time renal insuffi- 
ciency makes its appearance. In patients in whom 
renal failure has developed only slowly, fatigue as- 
sociated with anemia may be the presenting symp- 
tom Severe anemia, recurrent after transfusions, 
implies a poor prognosis. 

By the time azotemia has appeared, hypertension 
IS present m most patients with glomerulonephritis, 
and as the disease approaches its terminus, blood 
pressure is elevated in nil. MTien progression is very 
slow, both azotemia and mild hypertension may lie 
borne without symptoms for years. Polyuria and 
nocturia may be tlie first signs of renal insufficiency. 
Loss of appetite and intractable nausea frequently 
bring die patient to the physician. Heart failure, 
ancmi.v, and bleeding into the skin, mucous mem- 
branes, and gastrointestinal tract lierald the final 
illness. The skin becomes diy, with a sallow tmt. 
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the breath uriniferous. Exophthalmos may be ap- 
parent. Hemorrhages and exudates appear in the 
fundi. The urinary output becomes progressively 
restricted. Fibrinous pericarditis or pleurisy may 
appear within a few weeks of death Disorientation 
and coma mercifully precede the end. 

At postmortem the kidneys are shrunken and 
fibrotic. Many glomeruli are completely hyalmiz^d; 
in others there is only partial eccentric fibrosis, vviih 
varying degrees of adhesion of capillary loops to 
each other and to Bowman's capsule. The few 
glomcrub which are not injured are enlarged, as if 
stimulated to compensatory hypertrophy. 

Differential Diagnosis. In patients with renal fn- 
sufficiency, the possibility of other diseases of the 
kidney must be kept in mind A history of acute 
nephritis with edema is helpful if present, but a 
detailed account of the illness should be obtained 
because what the patient refers to as "nephritis” 
may have been a urinary infection. Patients with 
primary hypertension usually do not develop renal 
failure unless the diastob’c pressure is very high 
(over 130). Multiple rojeloma and amyloid disease 
may mimic chronic nephritis in the middle-aged 
and elderly. Hypercalcemia may produce polyuria, 
azotemia, and anemia, all of vviiich are potentially 
reversible. 

Heavy proteinuria (over 2 to 3 Gm daily) is 
present in most patients with chronic glomerulo- 
nephritis (and the various other disorders which 
cause the nephrotic syndrome), but in few other 
renal diseases unless heart failure or malignant hy- 
pertension is present. Epithelial cell easts, red cell 
casts, and lipid droplets in the urinary sediment 
are useful in distinguishing the disease from pyelo- 
nephritis or primary nephrosclerosis. The kidnejs 
are of equal size, usually without evidence of dis- 
tortion of (he calyxes on pyelography and if small, 
arc contracted symmetrically. Tlie possibilities of 
lupus erythematosus, periarteritis, and bacterial en- 
docarditis should be kept in mind. The author has 
seen a patient with endocarditis, w'ithout fever or 
murmurs, who presented as a case of chronic ne- 
phritis and died, undiagnosed, of progressive renal 
insufficiency. 

Treatment. Restriction of activity is indicated in 
patients with heart failure, an acute exacerbation 
of nephritis with hematuria, or an intercurrent in- 
fection. Patients who feel well enough to be up 
and about should be permitted to do so and should 
be encouraged to lead normal lives. Diet should not 
be restricted except for the clear indications men- 
tioned on p. 1477. Strenuous exertion leading to 
fatigne is probably best avoided. Since the day of 
Ricffiard Bright, moving to a warm climate has been 
recommended to patients vvith nephritis by physi- 
cians living In cold climates; there is no evidence 
that it inDucnces the natural history of the disease 
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a few patients with nonnal blood pressure and mild 
as)TOptomatic proteinuria. Definite arteriolosclerosis 
was described by Bell in 10.6 per cent of nonno- 
tensive patients fifty to sixty years of age and in- 
creased in intensity and frequency in older oge 
groups. It seems clear that renal arteriolosclerosis 
may occur in the absence of systemic lij'perlcnsion, 
though it rarely produces symptoms or signs. Such 
vascular changes may account for the moderate de- 
crease in renal reserx'e often obscrs'cd in elderly 
patients. 

Clinical Features. Hypertension antedates pro- 
teinuria by many years in most patients with "es- 
scntial” hypertension. When proteinuria docs ap- 
pear it is usually minimal. The urinary sediment Is 
usually not remarkable, although microscopic hema- 
turia and occasionally gross urinary bleeding may 
occur in the accelerated phase, when the excretion 
of protein may also increase to more than 4 Cm 
daily, reflecting widespread necrosis of glomerular 
capilianes. The anemia associated with advanced 
renal insufficiency occurs in some patients with 
nephrosclerosis as in other renal diseases, although 
the appearance of hjpertensive neurorctinopalhy 
uith azotemia in t/ic absence of anemia should sug- 
gest primary vascular disease. The patient uith 
hjpertension and uremia whose optic fundi are nor- 
mal usually has glomerulonephritis or pyelonephri- 
tis. At the Inception of the hypertensive process, 
renal blood flow is usually depressed more than 
glomerular filtration rate. The opposite is true in 
glomerulonephritis, but the difference has no im- 
portant clinical significance. 

The course of nephrosclerosis is extremely vari- 
able and cannot be predicted witb regularity from 
the height of the blood pressure. Proteinuria and 
esen mild azotemia may be borne without symp- 
toms for many years. The abrupt change In course 
which marks the onset of the malignant phase is 
characterized by an increase in proteinuria, ficma- 
tuna, and progressive azotemia. It is of interest that 
most cases in which this s)'ndrome occurs have 
been known to have hj-pertension for less than 5 
)e.irs. 

The term “malignant hypertension" has been 
used variously to indicate (1) hypertension wth 
papilledema, (2) hypertension W’jth rapidly pro- 
gressive renal insufficiency, or (3) hypertension 
with necrotizing artcriolitis. These arbitrary defini- 
tions should not be confused or allowed to obscure 
the facts in individual cases. Papilledema, hema- 
turia, weight loss, advancing uremia, and necrotiz- 
ing arteriohtis usually coexist in hypertensive pa- 
tients, but it is not unusual for any of these fea- 
tures to be absent in tho presence of the others. 
Thus, 23 per cent of 68 cases studied by Coldring 
and Cbasis with excessively high diastolic prewure 
and rapidly adv.jncing uremia did not have papil- 
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Icdctna. In some, the fundi showed only arteriolar 
narrowing without hemorrhages. Contrariwise, 
papilledema may be present in occasional patients 
at intervals for many montlis or even years wnthout 
advanced renal involvement or necrotizing arten'o- 
litis. In some patients Use uremic syndrome appears 
over the course of a year or two, but hematuria and 
proteinuria remain minimal, and neuroretinopathy 
may never be present. Such cases are likely to have 
massive cellular intimal hyperplasia of the inter- 
lobular arteries with little necrotizing glonierulitis. 

In addition to “primary" nephrosclerosis, the 
clinical syndrome of malignant hypertension may 
occur in the course of chronic pyelonephritis, glo- 
merulonephritis, periarteritis nodosa, scleroderma, 
plicochromocytoma, and unilateral renal arterial oc- 
clusion. 

NEPHROSIS 

The nephrotic syndrome is not a single disease 
but a clinical constellation characterized by (1) 
m.is$ivc proteinuria, (2) hypoalbummemfa, and (3) 
edema. Hyperlipemia is frequently but not invari- 
ably present. The tenn “nephrosis" is sometimes 
used by pathologists to indicate degenerative 
changes in renal tubular epithelium, but this defini- 
tion should not be confused with the clinical syn- 
drome under discussion. 

Etiology. The nephrotic syndrome is primarily 
the result of diiluso injury to the glomenlus. In 
most cases the origin of the disorder is uncertain, 
although it presumably reflects an autoimmune re- 
action involving the glomerular basement mem- 
brane. It is of interest that many patients with the 
nephrotic syndrome have a history of allergic dis- 
ease and may show striking eosinophilia. The in- 
jury may occur in the course of poststreptococcal 
glomerulonephritis of in association wath amyloid 
infiltration of the glomeruli, diabetic inlercapdlary 
glomerulosclerosis, or lupus erythematosus. It may 
rarely be observed in allergic reactions to plant 
pollens, poison ivy, poison oak, or insect stings or 
as a manifestation of sensitivity to trimethadione 
or paramethadione It m.iy occur as a complication 
of secondary syphilis or malaria. The nephrotic syn- 
drome has occasionally appeared in the course of 
treatment with mercurial diuretics and sails of gold 
and bismuth. Some of these cases may be examples 
of a hypersensitivity reaction; the evidence that 
heavy metals can cause massive albuminuria even 
in doses which induce tubular necrosis is not con- 
vincing Massive proteinuria may result from the 
marked elevation in glomerular capillary pressure 
which follows thrombosis of the renal veins or con- 
strictive pericarditis. Uncomplicated pyelonephritis 
or nephrosclerosis does not cause tlie nephrotic 
syndrome. 
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variety; in the former group rapidly progressiv'c 
vascular disease occurs terminally in 15 to 20 per 
cent. A Urge proportion (estimates vary wi^lv 
from 16 to 75 per cent) of nil patients dying of 
m.ilignant hypertension arc found to have kidneys 
characteristic of atrophic interstitial pyelonephritis 
("pyelonephritis lenta” of Saphir). Accurate esti- 
mates of Uie role of bacterial infection in this syn- 
drome are limited by tbe nonspecific nature of 
many of the pathologic changes. 

fn general, glomerular filtration and renal blood 
flow decline togclbcr and proportionally as tlie i1>s- 
case progresses. As might be expected, there is usu- 
ally more disparity between tlie function of the 
right and left kidneys than is generally the cs'sc 
in diffuse diseases of the kidney like glomerulone- 
pVniris or •ncphrtftclfrosvs. Mtaitniim concentiaViVig 
ability tends to become impaired earlier in the 
course than in patients with chronic glomcniloOC- 
phritis. Occasional patients with advanced azoleiOia 
may excrete a urine hypotonic to plasma, even wbon 
dehydrated. Many patients are unable to conserve 
sodium on a low-salt diet, even when only mild 
axolcmla Is present. Folynnia and nocturia are 
prominent in such eases. Hyperchloremic acidosis 
as a result of impaired renal excretion of acid and 
rcabsorption of bicarbonate is more often a feature 
of chroidc pyelonephritis llian of glomerulonephri- 
tis. Proteinuria is usually less than 2 Gm (rarely 
os much as 4 to 5 Cm) daily. 

Careful examination of the urtnartj sediment Is 
often the key to diagnosis. Lcukocylcs may be 
numerous or infrequent, but the appearance of 
while cell casts should alert the physician to the 
possibility of chronic pyelonephritis. Bacteria may 
be present on the fresh stained smear but, together 
with pus cells, often appear intermittently or i»ot 
at all m the chronic atrophic stage of the disease. 
It should be noted that the urine sediment may 
be normal and, especially with a dilute urine of 
fi-xed specific gravity, that no albuminuria, or only 
a trace, may be detected. Although chamctcristic 
distortion, flattening, and reduction in size of the 
renal pelves, frequently without ureteral changes, 
are usually found on pyelography (p. 1038), tlwir 
absence riocs not rule out chronic pyelonephritis. 

\\7icn pjelonephritis is not accompanied Ity' hy- 
pertension. the course may be prolonged and com- 
patible with comfort.ablc and useful life even after 
considerable encroachment upon renal function. In 
perhaps no other disease of the kidneys can Ouc- 
tiialions in renal function t>e so marketl or so fre- 
quent. During acute infections or episodes of de- 
hjdration, renal decompensation may progri-ss to 
the stage of advanced uremia; jet the patient may 
be able to recover and cany on with adequate 
though Impiirvtl renal function for jears. Nonspe- 
afic complaints of fatigue. anorexLi, and weakness 
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oftc*n remit remarkably v'hcn the urine is sterilized 
bj'an appropriate course of antibiotics and if aeiclo 
sis, dchjdration, and salt depletion arc adcqualdv 
treated. 

Tlie problem of recurrent infectioiu with resist- 
ant Ixicteria is an important and unsolved one. An 
effort should be made to treat urinary tract obstnic- 
tion and to improve bladder emptying, when resid- 
ual urine is present, neduemg the bacterial popula- 
tion of bladder urine by the prolonged administra- 
tion of urinary antiseptics may offer some hope for 
halting the indolent progression of the dise.ise, in 
this connection, however, acidifj-ing agents are 
likely to be ineffective and harmful in patients with 
azotemia. 

It should be emphasized that, even in eases 
vvbest. one- ksdcicy appeass swiall and iVie tAhw tiOt- 
mal in size, pyelonephritis is in most instances bi- 
lateral. Nephrectomy whicli is undertaken in the 
hope of eradicating the disease is generallj’ doomed 
to failure. Excision of hydroneplirotie, pus-fillcd 
renal shell will, howev’cr, sometimes permit a suc- 
cessful therapeutic attack on infection In the op- 
posite kidney vvith a carefully chosen antibiotic 
given in adexjuate dosage for a long period of time. 

NEPHROSCLEROSIS 

Definition and Pathology. Although early in the 
course of "essential” hjpertension there may be n» 
morphologic changes in llie kidney at all, structural 
alterations in the small arteries and the arterioles 
are almost alwaj's present in the kidnej'S of patients 
who die in the course of bj-pertensive disease. In 
about 10 per cent of such patients the changes arc 
severe enough to produce marked renal insiiin- 
cicncy. Large and medium-sized arteries shnvv a 
variable degree of intima! thickening. Tliis change 
is more ubiquitous and more severe in the smalt 
ortcncs and arterioles. In addition, an eosinophilic 
hyaline tiiickentng frequently involves the entire 
wall of arterioles and preartcrioles. Tlicsc clumgcs 
may lead to mild generalized atrophy of the cortex 
with focal scars. Hj-ah'nized glomeruli are a con- 
spicuous microscopic feature. 

In patients who die vvith rapidly progressive, 
“malignant" hjqicrtension, especially after renal in- 
sufficiency has appeared, there is often intense in* 
tunal hjpcrpkisia of the medium-sized and small 
arteries, so that the lumen may be substantially re- 
duced. Necrosis of the prcglomerular arterioles is 
present, which frequently extends Into the glomcni- 
lar tufts. There m.ay be hcmonliagcs into Bowman s 
space and occasional crescent formation. 

It is not generally realized that similar but less 
intense clianges maj’ lie found at postmortem in 
patients wilhoul sj’stcmic hjpertension. Artcriolo- 
sclcrosis maj- be observed In the renal biopsies of 
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sjTiclromc, and blood nonprotein nitrogen is not 
elevated. Azotemia gradually develops, together 
with a fall in filtration rate and filtration fraction, 
in patients with progressive nephritis. In others 
renal function may remain normal, despite edema, 
for years, but may be depressed transiently, par- 
ticularly during or immediately following infections. 
Tubular functions such as concentrating ability and 
phenolsulfonphlbalein excretion arc generally nor- 
mal. Occasionally aminoaciduria or renal gly-cosuria 
is obscr.’ed, presumably as a result of interference 
with proximal tubular rcabsorplion. 

The term "pure" or "lipoid” nephrosis has been 
used in the past to designate patients with the 
nephrotic syndrome without hematuria, hyperten- 
sion, or azotemia and without discernible etiology. 
Although prognosis is clearly better the longer pa- 
tients escape hypertension oi renal insufficiency, the 
author believes that it scr\ cs no useful purpose to 
classify such patients in a separate category from 
others m*th membranous glomerulonephritis and 
the nephrotic syndrome, since glomerular lesions 
are observed in all bj’ electron microscop)' and some 
develop hematuria, high blood pressure, and azo- 
temia later in their course. 

Pathologic Physiology. Much evidence indicates 
that the glomerukr basement membrane is abnor- 
mally permeable to proteins. Those of low molecu- 
lar weight and small size, like albumin, are lost into 
the urine in greatest quantity. Although it is con- 
ceivable that failure of the renal tubular epithelium 
to reabsorb protein might contribute to proteinuria, 
the massive amounts of protein excreted by some 
nephrotics and the striking increase in protein e.x- 
cretian observed folJorving inlushns of concen- 
trated scrum albumin suggest that increased glo- 
merular permeability is the major determinant of 
the nephrotic s)'ndrome. Indeed, there is good rea- 
son to believe that tubular reabsorption of protein 
is increased. There is no evidence (except in 
nephrosis associated with multiple myeloma) that 
abnormal proteins appear in plasma or urine, lly- 
poalbuminemia is chiefly a result of the extensive 
urinary losses of this protein; its synthesis is normal 
or even increased. In addition, in some patients the 
rate of catabolism of albumin is accelerated in a 
manner similar to that observed in a rariely of 
acute injuries or infections. Associated with the 
reduction of serum albumin there is usually marked 
wasting of tissues, which may be clinically evident 
only after the edema disappears. Balance studies 
carried out in nephrotic patients during refeeding 
with high-piotein, high-caloiie diets suggest that, 
for every gram of protein added to the plasma, 20 
to lOCr Gm of tissue protein must be Incorporated 
in tissue. 

The decrease in plasma albumin and consequent 
fall in the oncotic pressure of plasm.x results in an 
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increased transudation of fluid from tlie blood 
stream to extravascukr spaces. Plasma volume 
tends to fall. The reaction of the kidneys to these 
events is to diminish the excretion of sodium and of 
water, as in many other situations where the in- 
tegrity of the effective circulating blood volume is 
threatened. The mechanism by which this is accom- 
plished involves the greatly augmented secretion of 
aldosterone by the adrenal cortex, although the 
exact nature and pathway of the afferent stimulus 
for this adjustment are not yet clear, Changes in 
glomerular filtration rate may also be contributory 
in some patients. The primary role of sodium in the 
production of nephrotic edema is demonstrated by 
the fact that, when administered without salt, water 
may be excreted normally. UTien the intake of 
sodium is continued, it is retained by the kidneys 
and sequestered with water in an expanded inter- 
stitial fluid. Despite edema, plasma volume remains 
normal or low. If albumin is added to the blood 
stream in increased amounts, or its rate of loss is 
diminished, the sequence of events wall be reversed 
and diuresis will ensue. 

\\'hen the quantity of circulating albumin is in- 
creased in a nephrotic patient, plasma volume is 
expanded by dilution with extravascular edema 
fluid, thereby minimizing the expected rise m 
albumin conceniratioft. For this and other reasons, 
diuresis and edema formation need not be corre- 
lated with the exact concentration of albumin m 
the scrum. 

The pathogenesis of the hyperlipemia associated 
with the nephrotic sjTidrome is not clear. Serum 
cholesterol, phospholipids, and triglycerides usually 
are all increased in nephrotic patients. The rise in 
triglycerides may be so marked that the serum is 
milky. At least one reason for the elevation in serum 
cliolesterol is its increased solubihty in fatty serum, 
though increases in serum cholesterol may also be 
observed in the absence of lactescent serum and 
even when serum triglycerides are normal. De- 
creases of cholesterol and lipid phosphorus fre- 
quently coincide with periods of especially severe 
anorexia or vomitmg; increases with periods in 
which appetite is good. Nevertheless, the most in- 
tense lipemla may be observed in wasted patients 
with extreme hypoproteinemia and the most mas- 
sive edema. Though hyperlipemia usually disap- 
pears when ehmination of edema marks regression 
of or recovery from the disease, it may persist in 
rapidly progressive cases despite advanced azote- 
mia and hypertension 

Hyperlipemia is not secondary to increased syn- 
thesis of fat or to increased fat in the diet, but 
appears to be caused by a defect in fat transport. 
The removal of triglycerides from the blood stream 
normally involves their hydrolysis by lipoprotein 
lipase, with the liberation of free fatly acids to the 
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Patliolog)’. Histologic examination of the kidne)'s 
re\ea!s a spectrum of morphohigic changes which 
var)' m individual patients as well as from case to 
case. Some glomeruli may appear quite normal by 
light microscopy, but under the electron micro- 
scope the foot processes of glomerular endothelial 
cells arc seen to be broadened and smudged. 
(There is evidence tliat this particular change may 
be a result of proteinuria, rather than its cause.) 
\\’hcn the lesion is more advanced, definite spotty 
or diffuse thickening of the basement membrane 
is apparent by the usual histologic techniques, of- 
ten with little or no cellular in^tration or endo- 
thelial proliferation, hence the term membranoiis 
glomertilonephrilis. In other patients there is an 
increase in glomerular cellulant)', and occasional 
capsular adhesions may be obser\’etl. In still other 
cases, the process of basement membrane tliitlen- 
itig has gone on to fusion .and simplification of the 
glomerular loops and to partial or complete hsa- 
Imizalion of some glomeruli. In all instances, the 
proximal tubular cells are swollen with mlrac)'to- 
plasmic droplets and vacuoles, some of which are 
doTibly refraclilc. It is not clear whether tlicse rep- 
resent protein and lipid reabsorbed in huge quan- 
tities from the glomerular filtrate or that deposited 
from the blood in injured cells. 

Clinical Features. Tlic disease is commoner in 
children than adults .and is more frequent in males, 
but may ailect any age and eitJicr sex. Occasionally 
a respiratory infection may have occurred just be- 
fore the onset, but it is uncommon to find evidence 
of preceding streptococcal infection. The patient 
usually presents himself because of the insidious 
onset of edema. This is often particularly noticeable 
in the face liccausc of the absence of orthopnea. 
The edema is characteristically soft and pits easily. 
Ascites and pleural effusions are frequcivtlv present, 
but pulmonary edema docs not occur without heart 
failure. Though edema m.aV be the only manifesta- 
tion, other symptoms may be present, vaguely sug- 
gcslwe of the extensise depletion of body profa’ns 
that hypoalbumincmia betokens. Loss of appetite 
ts frequent, although not so common as In post- 
streptococcal glomcnilonephritis. A previously ac- 
tive child may feci tired and rundown. Amenorrhea 
or some irrcgulantj in menses is the rule in women. 
The course is sometimes punctuated by unexplained 
episodes of abdominal p.iin. vomiting, and diarrhea. 

The blooti pressure is often normal; the heart is 
generally not cnlarge<l in the absence of hyperten- 
sion Tlie fundi are normal except when diabetic 
glomenilosclcrosis is the cause of the disorder. Tlie 
skin looks pufly and pale; there may be a mild 
normocytic anemia, but the hematocrit is usually 
higficr than the pasty appearance of the patient 
suggests Mild gcncrahrcd osteoporosis is fre- 
-quciifly obsctxcxi, especially in children. 


DISEASES or ORGAN SVSTE.MS 

The daily urine usually contains more than 4 to 
5 Cm of protein, chiefly albumin, hut significant 
quantities of <*1-, /?-, and y-globulins are found as 
well. Some nephroties excrete as much as 50 to 30 
Gm of protein each d.iy’. The serum proteins are 
grossly reduced, especially the albumin and. less 
predictably, the y-globulin fraction. Scrum y-globu- 
lins are said to be normal in the nephrosis causcil 
by lupus erylhcmatostis or amyloid disease; they 
may also be found within normal limits, in the au- 
thor's experience, in the nephrosis associated with 
membranous glomerulonephritis. oj-Globulins are 
generally elevated, but tills occurs In many clironic 
diseases Serum albumin is usually below 2.0 to 2 5 
Gm per 100 ml when edema is present and with 
massive edema is frequently' below 1.0 gm per 100 
ml. It should be noted that conventional salting-out 
techniques frequently ov’crestfmate the concentra- 
tion of serum albumin at low levels of this compo- 
nent. The ov’cr-all increase in the llpid-caaying 
globulins conceals a reduction in the concentration 
of the sm.allcr mctal-canying proteins, transferrin 
(iron) and ccrulopkismin (copper). Serum comple- 
ment is decreased In membranous glomenilonephri- 
lis, although not in diabetic glomerulosrlerosLs 
Serum calcium is low, entirely as a result of a de- 
crease in the fraction Ixiund to albumin. Flasm-s 
fibrinogen is elevated, and the sedimentation rate 
is greatly accelerated. The cholesterol, phospholip- 
ids, and triglycerides in the scrum arc usually 
elevated, and the serum is often lactescent. Tlie 
low-density /J-Iipoproteins, to which these mole- 
cules arc attached, increase in coneentradon. When 
caloric intake has been low- and nutrition poor, 
however, scrum cholesterol and triglycerides m-iy 
be nonnal. This is frequently the case in insf.incrt 
of the nephrotic syndrome caused by lupus cnlhe- 
matosus and Kimmclsticl-W'ilson disease. 

The basal metabolic rate is asually low, perhaps 
os a result of malnutrition and, in some cases, of 
failing to correct for edema fluid in estimating 
weight. Tile impression of hypothyToidism may Ixr 
strengthened by a pully face and pasty- appearance, 
by an clev-atcd serum cholesterol, and by the di*- 
crease in scrum precipit.ablo iodine, which, how- 
ever, is a consequence of the low concentration of 
thyroxin-binding proteins in the scrum, ratlier lh.in 
of impaired thyroid function. Treatment with thy- 
roid produces no improvement. 

*1110 urinary sediment is filled with granular anti 
cpitlictial cell casts, and casts in which liighly rc- 
fractilc lipid droplets arc cmbcrldcd. Fat bodies 
may be seen in the urine even when the scrum 
cholesterol is normal. Red blood cells arc often 
absent, but many patients show some degree of 
continuous or intermittent microscopic hematurb 

ClomcruJar filtnition rale is frequently normal ot 
above norm.vl early in the course of the nephroln 
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Micre h iisimII)’ some su!»icctive increase in fccliiig 
of well-being, and o\er many months a slow rise in 
plasma albumin. The increase in blood urea which 
invariably occurs on a high-protein diet reflects the 
additional amount of urea presented to the kidney 
for excretion, rather than deterioration of renal 
function. Proteinuria may also increase when scrum 
alhumin rises. 

Adrenal sterouls or ACTII produce improvement 
m about 73 per cent of children and a somewhat 
lower proportion of adidts with the nephrotic spi- 
drnme. Dosage seliodtdes \ar)', but a reasonable 
plan is to give GO to 80 mg prednisone or 40 to 80 
units zinc corticotropin suspension daily until a 
remission occurs or treatment has been continued 
for 4 weeks. Daily doses of prednisone lower than 
40 mg are often insuflicient to control proteinuria, 
while amounts higher than 80 to 100 mg are un- 
necessary’. Remission generally requires the devel- 
opment of Cushing’s sywdrome. If no Improvement 
11 obsen’cd after a month of treatment with high 
doses of adrenal hormones, further prolongetl treat- 
ment is not likely to produce a cure, although the 
patient may improve spontaneously. Diuresis some- 
times occurs when steroids are discontinued, with- 
out diminution in proteinuria, but this is a nompe- 
ciflc and transient response probably ascribable to 
temporary suppression of endogenous adrenal se- 
cretion. Tlie earliest sign of a therapeutic cITecl 
upon the disease process is a diminution in the 
number of grams of protein excreted daily. Tliis 
may be observed as early as 2 days after ibe be- 
ginning of treatment, but usually after 10 days to 
2 weeks. During the initial stages of therapy, blood 
urea may rise because of the increased catabolism 
of protein induced by steroids. Glomerular filtration 
rate, how ever, usually is unchanged or increased by 
steroid treatment, so that serum creatinine docs not 
rise and may even decrease. Once begun, Utc de- 
crease in proteinuria proceeds rapidly, succeeded 
by a rise in senim albumin and loss of edema. Pro- 
teinuria may disappear completely or diminish to 
a constant low level. After no further improvement 
can be detected, the dose of steroids is gradually 
reduced over a period of about 4 to 6 weeks. If 
the drug is interrupted at this time, some patients 
will continue in remission indefinitely, but many 
relapse at varying interv’als up to years follovv’ing 
cessation of treatment. In an attempt to prevent 
such recurrences, it is common practice to keep 
patients on some maintenance schedule of steroid, 
administered either daily or 3 to 4 days per week, 
in a dose intermediate between that ori^nally re- 
quired to induce remission and that at which pro- 
teinuria occurs Serial biopsy studies suggest that, 
when successful, such treatment decreases cellular 
proliferation in glomeruli and arrests the usual pro- 


gression from thickening of capillary basement 
membrane to obliteration of the glomenil.ar capil- 
lar}'. 

Complications of steroid treatment include hy- 
pertension, muscular weakness and cramps, peptic 
ulcer, potassium depletion, diabetes, and osteoporo- 
sis (p. C26). Striae which break down and become 
infected may be most troublesome in edematous 
nephrotic patients. The leukocytosis which regu- 
larly accompanies administration of large doses of 
steroids may confuse proper evaluation of infection 
II)'ponatrcmia associated with rising serum potas- 
sium and high blood pressure may be observed in 
occasional unresponsive patients who have received 
large doses of hormone for long periods of time. 
Tile adv'antages of a proper dietary regimen must 
not be neglected in the course of treatment with 
steroids. 

Patients with amyloid disease or the Kimmelstic-l- 
Wilson syndrome do not respond to treatment with 
steroids, nor do those with the nephrotic syrndrome 
occurring in the course of acute poststreptococcal 
glomerulonephritis. Treatment of nephrosis compli- 
cating lupus ciythematosus is discussed under that 
heading. 

Except for helping to rule out amyloid disease 
and diabetic nephropathy, renal biopsy has so far 
not proved helpful in predicting which patients 
will improve with steroid therapy. It is clear that 
the presence of some hyalinized glomoruh, cellular 
proliferation, or membr.inous thickening of capillan 
loops docs not rule out tlie possibility of a remission 
with steroids. A fav’orable response may be observed 
in the presence of mild hypertension, microscopic 
hematuria, and even moderate azotemia. 

Diuretics may be used to control edema in con- 
junction with sodium restriction, whether or not 
adrenal steroids are prescribed. Mercury is not con- 
traindicated unless azotemia is present, but should 
not be administered repetitively if the initial few 
doses do not produce a diuresis. The action of di- 
uretics may often be enhanced by infusions of al- 
bumin, plasma, or dexlran. These agents raise the 
oncotic pressure of plasma and expand plasma vol- 
ume temporarily but are rapidly lost into the urine 
through the leaky glomerular filter. Diuresis is not 
an end in itselfj a little edema is often to be pre- 
ferred to the complications of too-vigorous diuretic 
therapy'. 

Nitrogen mustard has been reported to induce 
transient remissions in proteinuria in patients vvilh 
the nephrotic syndrome, but there is no evidence 
of any long-term benefit. 

In the rare forms of the neplirotic symdromc 
caused by secondary sy'philis or malaria, specific 
antiluetic or antimalarinl treatment usually results 
in complete cure. 
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circulation. Of the small quantity of uneslcrified 
fatty acjtls normally present in serum, most are 
transported bound to albumin. Infusion of albumin 
into patients or animals with the nephrotic 
drome produces an immediate fall in scrum lipids, 
often but not always to normal, and in general in 
nephrosis, elevation of all the lipid components of 
serum tends to be inversely proportional to the 
le\el of serum albumin. It has been postulated that, 
when the concentration of albumin falls, the hy- 
drolysis of plasma triglycerides is inhibited by the 
absence of adequate plasma albumin with avail- 
able binding sites for fatty acids, thereby ‘'trapping“ 
neutral fat in the plasma. Other factors necessary 
for normal transport of fats may also be deficient. 
It is of interest that infusions of clextran, which 
restore the colloid osmotic pressure of serum, result 
in a fall in plasma lipids in patients with nephrosis. 
Patients who have hypoalbuminemia for other rea- 
sons may not demonstrate the marked hyperlipemia 
and hypercholesterolemia of nephrosis. In such dis- 
orders decreased Intake or absorption of food may 
play a role in muting this manifestation, ns it pre- 
sumably does in some patients \vith the nephrotic 
syndrome. 

Natural Ilistorj' and Prognosis. The clinical 
course of the nephrotic syndrome is highly varkiblc, 
depending to some extent upon the nature of the 
underlying disease The following discussion svill 
be concerned with nephrosis of uncertain etiology 
characterized by glomeruli which appear "normar 
on light microscopy or liave the morphologic 
changes of membranous glomerulonephritis. 

A distinction should be made between the course 
and prognosis of the disease in children and in 
adults, the prognosis being appreciably better in 
children. Before the introduction of steroid treat- 
ment, the disease was eventually cured or arrested 
in about 50 per cent of children, although 40 per 
cent died within 5 jears of onset. By contrast, in 
only one-quarter of adults with the nephrotic sym- 
drome was a cure or spontaneous arrest of the dis- 
ease obsersed which lasted longer than 2 years. 
Spontaneous diuresis is occasionally obserx’ed to 
follow measles, but in other instances bacterial or 
%iral infections appear to induce a relapse. Before 
antibiotics were available, deaths from infections, 
frequently with the pneumococais, were common. 
Erysipelas, pneumoni.i, septicemia, and peritonitis 
can now be ac’oided or successfully treated, and as 
a result, early mortality has been sharply reduced. 
The disease is frequently remittent, with inicrx'als 
in winch proteinuria is decreased or absent, and 
cases arc occasionally seen in botli children and 
adults in whom episodes of proteinuria and edema 
are scpar.ated by inter%-als of many years. Repeated 
remissions and cxacerb.itions arc uncximmon, on Uic 
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other hand, in the course of the nephrotic syndrome 
w'hidi follows in tlie wake of acute hemorrhai’ic 
glomerulonephritis. Persistent hypertension and 
azotemia are associated with a poor prognosis. .Mild 
elevation of blood urea, intermittent hypertension, 
and microscopic hematuria have been obserced in 
patients who improve spontaneously, as well as in 
tliose who develop progressive impairment of renal 
function. About one-cjuartcr to one-third of cliildrcn 
and onc-lialf to two-thirds of adults with nephrosis 
dctclop progressice renal insuIBciency and increas- 
ing hypertension and die of heart failure or uremLi. 
generally within 2 to 5 years. In others, proteinuna 
is diminished but seldom disappears, renal function 
remains stationary at a level near normal, and the 
patient is asymptomatic, with or witiioiit hyperten- 
sion In patients whose dietary' intake of protein is 
high, considerable proteinuria may be compatible 
with only moderate reductions of scrum albumin, 
without edema. Edema may be precipitated by 
intercurrent infections winch decrease appetite and 
promote the breakdown of protein, and may dis- 
appear when these disturbances are remoxed, with- 
out alterations in the urinary excretion of albumin 
With the development of adxancing glomcniLir 
hyalmization, proteinuria frequently diminishes in 
amount, scrum albumin rises, and edema disap- 
pears as azotemia progresses. 

Treatment. Although a few days In bed may help 
to mobilize edema, there is no indication for pro- 
longed bed rest. Hospitalization is indicated at the 
onset of the disease to confirm the diagnosis and 
to obtain base-line studies but need not be pro- 
longed. 

The diet should be low in sodium and high in 
protein. Except in the presence of hyponatremia, 
water should not be restricted. \>ry’ low- sodium 
diets (200 mg) are unpalatable, although the de- 
velopment of “sodium-free" milk and milk powders 
has made a satisfactory high-protein, low-salt diet 
more Feasible. Sodium restriction should, howex’er. 
be considered an emergency measure to control 
edema; it is not indicated during convalescence 
from the nephrotic syndrome or when edema is 
minimal A high consumption of protein, together 
with adequate calories, leads to steady replenish- 
ment of wasted tissues. Since the go-il is to restore 
body proteins, not simply to present further wast- 
age, additional intake of protein abose the normal 
requirement of I Gm per kg per day, plus urinary 
losses, IS of importance. If the additional protein 
is to be utilized, sufficient calorics must be given 
The proportion of fat and carbohydrates is deter- 
mined, as a practical matter, by the composition of 
the supplements of milk or milk powder. There 
seems to be no great advantage to restriction of fat 
With such liberal intake of protein and calories, 
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ACUTE TUBULAR NECROSIS— ACUTE 
RENAL FAILURE 

The term acute renal failure has been used 
loosely to include all forms of acute urinary sup- 
pression, generally secondary to acute parenchjTnal 
damage. Acute tubular necrosis (or lower nephron 
nephrosis) indicates the clinical and pathologic 
syndrome which results when renal excretory func- 
tion is temporarily lost because of renal tubular de- 
generation caused by renal ischemia or toxic agents. 

Pathology. Microdisscebon studies reveal two 
types of lesions. When specific toxins (bichloride 
of mercury, carbon tetrachloride, diethylene glycol) 
have been administered, there is difi^use necrosis of 
the proximal tubular cells, while the basement 
membrane of the proximal tubules, from which a 
new lining may regenerate, is spared. The lesion 
caused by ischemia, on the other hand, occurs at 
random among nephrons and in any part of a 
nephron. It consists of complete destruction of lim- 
ited stretches of tubular lining scattered along the 
course of an otherwise well-preserved nephron. 
The basement membrane is frequently disrupted. 
During recovery from both types of lesions, mitotic 
cells may be seen. E.xcept in cases in which ex- 
tremely sesere and prolonged ischemia has pro- 
duced renal cortical necrosis, the glomeruli are in- 
tact. Casts packed with degenerating epithelial cells 
and hemoglobin are seen in the straight tubules of 
the medulla. The most important inference to be 
drawn from the nature of the pathologic process 
is that, should the patient survive bis other injuries, 
the renal lesions will be repaired. 

Etiology and Pathogenesis. Acute tubular necro- 
sis typically occurs in a setting of sudden injury or 
illness usually associated with shock or with in- 
tense renal vasoconstriction. Even those cases which 
follow the administration of known tubular toxins 
are generally aggravated by vascular collapse and 
renal ischemia. Nevertheless, perhaps because of 
difficulty in recognizing and quantifying (he is- 
chemic state, the etiology may go undiagnosed in 
as many as 25 per cent of patients. Common causes 
include hemolysis and hypotension following ex- 
tensive bums, rapid bemonrhage or hypotension on 
the operating table, bacteremic shock, crushing in- 
juries in which the toxic effects on the kidney- of 
myoglobin are added to those of vasoconstriction 
and shock, and intravascular hemolysis from trans- 
fusion of mismatched blood as well as rapid infu- 
sions of distUIed water (e g., during transurethral 
prostatectomy). Following operations on the heart, 
aorta, or great vessels during which renal circulation 
IS interrupted, some degree of acute tubular necro- 
sis is almost invariable. Pregnancy appears in some 
way to predispose to ischemic renal insults; in a 
large proportion of most published series, acute 
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renal failure followed placenta preWa, septic abor- 
tion, post-partum hemorrhage, or eclampsia. Other 
conditions which have triggered tubular necrosis 
include sudden defervescence following salicylate 
administration and status epilepticus. Acute renal 
failure is the most important cause of death in epi- 
demic hemorrhagic fe%er. 

Tubular necrosis resulting from many- poisons is 
enhanced by prior dehydration and tends to be 
prex'ented by’ infusions of sahne if these are given 
before the noxious agent is presented to the kid- 
neys. Paradoxically, healthy renal tubules may be 
more susceptible to certain types of injury than are 
poorly functioning ones. A dose of uranium nitrate 
that induces acute tubular necrosis in a healthy dog 
may not interrupt the urine flow when given again 
to the same animal during the diuretic phase of 
early recovery from renal insufficiency. The role of 
free pigments derived from blood and muscle in 
the pathogenesis of tubular necrosis is not clear. 
Infusions of purified hemoglobin decrease renal 
blood flow and may be toxic to tubular cells. In 
addition, intravascular hemolysis may liberate other 
vasoconstrictor substances which promote renal is- 
chemia. 

Pathophysiology ol Anuria. The fonnation ol 
casts which occlude the renal tubular lumina may 
play some part in the pathogenesis of oliguria. In 
roost patients, however, casts appear to be a result 
of diminished urinary flow rather than its cause 
An e.xception is the renal failure which not infre- 
quently follows dehydration in multiple myeloma 
and which may be characterized by extensive gel 
fonnation by abnormal proteins in renal tubules 

Following the acute renal ischemia which usually 
initiates tubular necrosis, renal blood flow is de- 
creased to approximately one-third to one-half nor- 
mal during the first days of oliguria. It is not dear 
whether or not this precludes any appreciable per- 
sistence of glomerular filtration. Increased intersti- 
tial pressure secondary to edema probably reduces 
renal blood flow and filtration rate and collapses 
tubules. The presence of interstitial edema may be 
inferred from the increase in the weight of the kid- 
neys during acute tubular necrosis. Experimental 
measurements of wedgcd-renal vein pressure and 
of pressures at the end of a fine needle inserted 
directly into the kidneys have, however, not showxi 
elevation. The pressures may, nevertheless, have 
been sufficient to collapse renal tubules which were 
distended with less than the normal pressure de- 
rived from glomerular filtration and urine flow. In 
any case, much fluid which is filtered at the glo- 
merulus must leak back into the substance of the 
kidney through the widely scattered disruptions in 
the d«iuded tubular basement membranes. As tu- 
bular repair proceeds and these leaks are mended, 
urinary flow improves. 
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havislcd, !»cuitcQmAtQsc patients. Cotnmon predis- 
posing factors arc loss of ability to cough or change 
position, dr}ing of phar^-ngcal mucosa from con- 
stant mouth breathing, and the aspiration ol in- 
spissated mucus plugs or \amihis. Healing of sur- 
gical wounds seems to be impaired, and infection 
or dehiscence of incisions is common. Infection of 
the urinary tract, sometimes silent but often with 
fever, flank pain, and gram-ncgati\e septicemia, 
frequently results from the use of inlying catheters 
or repeated instrumentation of the bladder. 

iVcuroiogfc mnni/estfltions arc common, the two 
most important being coma and convulsions. Hy- 
ponatremia may he responsible for somnolence or 
seizures early in the course of acute renal failure 
and may be corrected by hjpcrtonic saline, with 
proper regard for the complications of overhydra- 
tion and heart failure. H}’pocalcemia may also pre- 
dispose to comulsions, as may too-vigorous admin- 
istration of alkali without accompanying calcium 
in the treatment of acidosis. Seizures may be focal 
in nature or generalized; some presumably have a 
\ascular basis. They sometimes appear to be trig- 
gered by \omiting, heart failure, or the rapid 
changes in body volume and composition which 
may accompany the onset of profuse diuresis. 

Anemia usually appears in the second w'cek, esen 
without bleeding, presumably as a result of a mild 
increase in cr)inrocytc destruction and a deficiency 
in erjthrold nyperpLisia. Defects in hemostasis are 
commonly encountered and include thromboevto- 
penia, abnormal protlirombin consumption time, 
and otlicr less well-defined coagulation deficiencies. 

In some patients tubular necrosis is not associ- 
ated with oliguria, or the period of diminished 
urine flow is so short as to pass unrecognized. The 
urine Nolumc in such cases is, however, not fledble 
or responsive to body needs and m.ay be fixed ot 
perhaps 800 to 1,200 ml per day. The diagnosis 
may only be appreciated when the blood urea ni- 
trogen is seen to rise at the rate of 15 to 20 mg 
per 100 ml per day and when the patient becomes 
edematous owing to retention of Quids in excess 
of the excretory capacity of the kidneys. Unlike 
most other edema-forming states, tlic urine in such 
cases contains sodium in a concentration higher 
than 20 to 30 mEq per liter and the concentration 
of total solutes does not differ significantly from 
that of plasma. 

After the first few days of oliguria the urine loses 
its grossly bloody character and becomes clear, in- 
creasing slightly in amount every day. Tlie onset 
of tubular recovery is usually heralded 1^ an in- 
crease in daily urinary output to 400 ml. At this 
point the urine usually contains very little protein, 
although the sediment may still contain cells 
and many large dark hematin casts. Further in- 
creases in flow are sometimes dramatic, the urine 


volume increasing by 50 to 100 per cent each d.i) 
until polyuria exceeds 3,000 ml daily. In other pa- 
tients daily mine volume only gradually approaches 
a liter oxer the course of a week or two. If brisk 
diuresis is never acliieved, the blood urea falls only 
slowly or not at all, and the urine contains more 
than 3 to 4 Gm of protein per liter, cortical necrosis 
must be suspected. The blood urea mualhj cou- 
iinues lo rise for several days after urinary output 
exceeds 1 liter per day, until the excretion of urea 
exceeds its production. In addition, during the earlv 
diuretic phase of recovery, hyperpotassemia, con- 
gestive heart failure, and convulsions may compli- 
cate the clinical picture. Pyelonephritis frequently 
makes its appearance at this lime, and death from 
infection, when it occurs, is commonly during diu- 
resis. The onset of the diuretic phase, therefore, 
should not cause the ph) sician to relax his vigilance. 

Diuresis is usually associated with a striking 
W'cighl loss, representing fluid accumulated during 
the period of oliguria. The urinary concentration of 
sodium usually varies from 50 lo 75 mEq per liter 
Some of the excreted sodium is derived from edema 
fluid, but if the remainder is not replaced, hyiio- 
natremia and dch)dration may ensue. Elevated 
levels of serum sodium and chloride arc observed 
during the diuretic phase when water replacement 
is inadequate and the patient is allow’cd to dch)- 
dratc himself tlirough the obligatory excretion of 
a large volume of urine contommg sodium at a 
lower concentration than plasma. Occasionally, uri- 
nary losses of potassium so greatly exceed intake 
that hypopolasscmia is noted. Once established, di- 
uresis proceeds smoothly unless interrupted by uri- 
nary obstruction or shock, and azotemia regresses 
over the course of 1 to 3 w’eeks. If diuresis is inter- 
rupted by 0 second period of oliguria and rising 
blood urea, obstruction to bladder or ureters must 
be seriously considered. 

After discharge from the hospital, anemia some- 
times persists for weeks or months, gradually dis- 
appearing without benefit of hematinics. Muscle 
Weakness and joint stiffness slowly improve. Chronic 
pyelonephritis may be a major problem. Although 
azotemia generally disappears and renal function 
may be restored, renal blood flow and glomerular 
filtration rate usually do not return completely to 
normal. H)perlension is not a sequel in those who 
recover from acute tubular necrosis, though it may 
complicate the unusual case of cortical necrosis 
who survives anuria. 

Differential Diagnosis. The phj sician is fre- 
quently faced with an oliguric patient who has j'ust 
passed through an episode which may have pro- 
duced tubular necrosis, but in whom the diagnosis 
is not yet established. Vigorous treatment of shock, 
congestive heart failure, dehydration, or hyponat- 
remia frequently resolves the question by promot- 
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Clinical realtires. In the majority of cases, acute 
tubular necrosis is characterized by a period of 
oliguria and increasing clinical and chemical evi- 
dence of renal failure, lasting from a few da)s to 
as long as 3 weeks, and a%eraging about 10 to 14 
da\s. This is succeeded by a period of relath'ely 
rapid return of urine flo\v and improvement m renal 
function, w'hile water and metabolites accumulated 
during the oliguric phase are excreted 

During the first few days of oliguria, the clinical 
picture is dominated by the underlying illness. The 
urine is scanty and usually bloody. Although the 
specific gravity may be high owing to the presence 
of red cells and protein, its freezing point is close 
to that of plasma, and the sodium concentmtion is 
usually o\ cr 50 mEq per liter. Traces of glucose 
may appear in the unne. Complete anuria for more 
than 24 hr is infre<iuently encountered, though it 
IS common to see less than 30 to 40 ml of urine for 
several days. If the condition is not recognized 
early, edema and/or hyponatremia may develop as 
a result of the unrestricted intake of fluids. If this 
pitfall is avoided and shock is successfully treated, 
the only symptoms during the first week may be 
lethargy- and nausea. The latter is related partially 
to the development of metabolic acidosis. Fever is 
uncommon after the first day or two. Leukocytosis, 
on tlic other hand, is the rule, with or without in- 
fection. It should be emphasized that severe sys- 
temic symptoms during the first several days arc 
usually not a result of renal failure but of associated 
conditions 

Scrum amylase and lipase may be elevated as a 
result of renal failure per se, vvithout implying 
active panere.ititi8 Blood urea nitrogen rises at a 
rate influenced by the degree of tissue necrosis and 
endogenous protein catabolism. In a chronically ill 
patient has Jiad a mismatched transfusion, n 
daily nse of 20 mg per 100 ml might be expected, 
increments of 50 mg per 100 ml per day in blood 
urea nitrogen are not uncommon in previously 
healthy- persons who have undergone severe crush- 
ing injuries or overwhelming infections. Dispropor- 
tionate elevations in serum phosphate or serum 
creatine have been proposed as diagnostic aids in 
lilt- detection of devitalized tissue. 

During the second w-eek of o!ig«ri.i, nausea, 
weakness, and somnolence become more prominent 
as azotemia mounts, acidosis increases, ami the 
scrum potassium becomes elevated. Tljiist is com- 
monly present and may be severe, although the 
serum sodium is frequently depressed, cxtracelliilar 
fluid volume is expanded, and there arc no clear 
signs of shock or heart failure. 

Cardiocascidar complications arise in most pa- 
tients during the oliguric phase of acute renal fail- 
ure. Although ovcrhyclration is perhaps the most 
import.ant cause of pulmon.iry cdcm.i, signs of piil- 
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monaiy' congestion and cardiac faUure may appear 
even in patients who have been optimally' treated. 
Pulmonary edema may develop in the absence of 
hypertension and witlioiit peripheral edema. Dias- 
tolic hypertension becomes evident in about 2.5 
per cent of patients during tlie second week of 
oliguria. The fundi, however, remain nomial. In 
exceptional instances m which the tension is vcrv 
high, arteriolar necrosis develops. Arrhythmias arc 
frequent and are not necessarily associated w ith po- 
tassiiim intoxication or removal. Pericarditis mav 
develop but does not have the grave prognosis at- 
tached to its appearance in chronic renal disease 
It may be extremely painful and simulate intraab- 
domiiial disease. Occasional patients die of aaiic 
cardiorespiratory failure characterized by- apprehcav 
Sion, tacliypnea, inconstant respiratory wheezing, 
progressive cyanosis, and hypotension. At postmor- 
tem no evidence is found of pulmonary emboh, and 
the lungs show mild to moderate terminal conges- 
tion. 

Potassium intoxication may arise because of the 
liberation of large amounts of potassium from in- 
jured or infected muscle, intravascular hemolysis, 
or hematomas. It Torely occurs in the course of rennl 
failure following a postoperative hemorrhage or 
transfusion reaction, in which the rate of tissue 
catabolism is not increased and in which proper 
attention has been paid to hydration and caloric 
needs from the inception of the disease. The rate 
of rise of the serum potassium refiects llie catabolic 
response of the patient to inj’iiiy. In addition, nn- 
oxia, .acidosis, and dehydration are important do- 
temiinants of the rate of loss of potassium from 
cells. The chief dangers are cardiac arrhythmiJs 
ami standstill. Electrocardiographic abnormalities 
rarely occur when the serum potassium is below T 
mEq per frter but are almost always preseitt aboie 
9 mEq per liter. As scrum potassium rises, the T 
waves become high and peaked. The P wave clis- 
appears, the QRS complex becomes broad anil 
slurred, bradycardia and arrhythmias ensue, ami 
the ventricular complexes finally resemble those of 
ventricular tachycardia. Tliesc changes may be 
modified by digitalis and by correction of acidosis 
and hyponatremia Susceptibility of the heart tn 
v-agal standstill is enhanced, and sudden death may- 
occur, even in the absence of characteristic elec- 
trocardiographic changes of potassium intoxication 
Tlie dectrocardiogram, though a necessary adjunct, 
is not an entirely satisfactory replacement for tin.* 
flame photometer in cvaliiatmg such situations 

Infectiori is die most frequent complication of 
acute tubular necrosis and the most common cause? 
of deatli. Sepsis may often be overlooked because 
of confusion w ith uremic sy mptoms. Pulmonary and 
blood stream infections with ‘liospital” organisms, 
particularly tiic stapliylococcns, arc frequent in ev- 
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may be indicated, especially when o\'crhydrafa'on 
is not apparent and congestive heart failure is not 
present. 

Potassium intoxication may be prevented in 
many cases by proper attention to requirements for 
v\’ater and glucose, as well as by the prophylactic 
oral administration of a teaspoon of potassium-ex- 
change sulfonic resin, sodium polj'sljicnc suUonatc 
(Kajcxalate, Winthrop), three times daily. Larger 
amounts of the latter may be used if necessary. One 
tablespoon four times daily by mouth or enema 
usually serves to reduce an elevated scrum potas- 
sium by 1 or 2 mEq every 24 to 48 hr. If hyper- 
pofassemia is associated with acidosis, it may fre- 
quently be brought under control by infusions of 
sodium bicarbonate or sodium lactate. Infusions of 
hjpertonic glucose solutions, with or without in- 
sulin, have a similar but more transient effect. The 
deleterious action of potassium on the heart may 
to some extent be counteracted by infusions of 
calcium or by the administration of digitalis. If 
b)perpotassemia cannot be controlled by these 
measures, artificial dialysis is indicated. 

Heart failure should be treated with digitalis in 
the usual doses. Artificial dial) sis with the removal 
of several kilograms of edema fluid by ultrafiltralion 
may be dramatically eficclivo in relieving pulmo- 
nar)' edema. Testosterone propionate or norcthan- 
drolone, 25 to 50 mg daily, may be given during 
live first 2 weeks in an attempt to reduce nitrogen 
breakdov.li. Its action m this regard, however, is 
frequently overwhelmed by the intense catabolic 
reaction to acute injury, 

Scrupulous care should be taken to avoid infec- 
tion. After tlie diagnosis is cst.iblished, an accurate 
estimate of the daily output m.iy be oblaincrd by 
cfllhetcrizing the patient, using sterile precautions, 
only once in 24 or 48 hr, ifius dispensing with an 
inlying bladder catheter. As the urinary volume 
reaches a significant level, most patients will be 
able to void spontaneously. It is desirable for hos- 
pital personnel handling the patient' to wear mask 
and gloves. In alert patients, deep breathing and 
forced coughing should be stressed to avoid atelec- 
tasis. Tracheotomy should be considered early if 
there is difficulty in handling bronchial secretions. 
Careful mouth tare with prevention of crusting and 
ulceration is important in avoiding parotitis and 
aspiration of infected material Proph) lactic admin- 
istration of antibiotics should be avoided. 

Several procedures have been proposed to sub- 
stitute for renal function during acute renal failure. 
Irrigation of tiie stomach, intestines, or peritoneum 
may remove significant quantities of urea and po- 
tassium, although these procedures are less effec- 
tive than hemodial)sis. In an artificial kidney, blood 
rendered incoagulable by heparin is pumped 
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through cellophane tubing surrounded by a bath 
with a composition approximating normal extracel- 
lular fluid. The oncotic pressure of plasma proteins 
is balanced by adding glucose to the bath. With 
certain models, fluid can be removed from tbe 
blood by ultrafiltration. Artificial dialysis may also 
be used to remove exogenous toxins such as bar- 
biturates, bromide, and salicylates. Indeed, a por- 
tion of the clinical improvement following dialysis 
in some patients with uremia may be related to 
removal of sedatives. The use of the artificial kid- 
ney' requires a trained and experienced team; if 
this is not available, attempts at dialysis may do 
more harm than good. 

The prime indication for artificial dialysis in 
acute renal finilure Is uncontrollable hyperpotasse- 
mia. Dialysis is also helpful, however, in tempo- 
rarily inducing a return of appetite and mental 
clearing in severely azotemic patients whose serum 
potassium is normal; it may thus make management 
during the remainder of the oliguric period con- 
siderably simpler by preventing or delaying clinical 
deterioration. The electroencephalogram may im- 
prove even though serum electrolytes are not greatly 
changed. Acidosis cannot be successfully treated by 
measures short of dialysis without administering so- 
dium; mounting acidosis in the presence of conges- 
tive heart failure is therefore another clear indica- 
tion for dialysis. Sudden lowering of the serum po- 
tassium by dialysis may induce dangerous arrhyth- 
mias in digitalized patients. It should be empha- 
sized that, in ch'ilian practice, dialysis is seldom 
necessary if proper core is instituted from the onset 
of anuri. 1 . Extensive wounds, sev'ere infection, or 
extremely prolonged oliguria may, of course, result 
in the accumulation of such quantities of potassium 
and other metabolites that conservative measures 
fail. 

During the early diuretic phase, every effort 
should be made to avoid salt depiction and dehy- 
dration and to sustain diuresis by replacing the 
previous day’s urinary losses. Daily weights and 
determinations of serum and urinary electrolytes 
serve as guides; a useful approximation for replace- 
ment is to give one-quarter of the urine volume as 
0.9 per cent saline, one-quarter as Yq M sodium 
lactate, and one-half as 5 per cent glucose in water 
in addition to replacing other losses. Equivalent 
quantities of sodium and water may be provided 
by mouth if oral feedings are tolerated. As azotemia 
recedes, tubular ability to reabsorb salt and water 
improv'cs, and the daily pro\ ision of large volumes 
of fluid becomes unnecessary. In a patient who is 
alert, spontaneous intake of food and water may 
usually be trusted to prevent depletion after die 
blood urea nitrogen has fallen below about SO mg 
per 100 ml. At this time protein may be allowed 
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ing diuresis. Urin.iiy osmolarity is not appreciably 
higher than tli.it of plasma after llic Rrst fcwliours 
of acute tubular necrosis, whereas it may be ele- 
vated in simple dehydration and other prerenal 
causes of oliguria. The sodium concentration of the 
urine in acute tubular necrosis is usually oi'cr 30 
mEq per liter; in oliguria secondary to acute glo- 
mcrulonepliritis or renal arterial occlusion H is usu- 
ally much less than this. Low urinary sodium con- 
centrations may, however, be observed in tubular 
necrosis associated with terminal hepatic and car- 
diac failure. Failure of blood urea to rise in a step- 
wise fashion makes the diagnosis of tubular necro- 
sis unlikely, even though oliguria is present. If 
doubt persists, a liter of glucose in water may be 
infused rapidly to determine the effect upon urine 
flow’. 

Low’er urinary tract obstruction must alwaj's be 
kept in mind. A plain x-ray of the abdomen should 
be obtained in all patients with acute renal failure 
to delineate the size of the kidneys and detect ra- 
diopaque stones. If the possibility of ureteral ob- 
struction exists, gentle investigation of the patency 
of one ureter is indicated. 

Complelo anuria for more than 48 hr should 
suggest obstruction, bilateral renal arterial emboli 
or thrombosis, cortical necrosis, or acute glomeru- 
lonephritis. Atheromatous emboli to the small renal 
arteries sometimes produce irreversible anuria fol- 
lowing attempts at aortic resection. Carcinomatous 
obstruction to the ureters and Idiopathic retroperi- 
toneal periureteral fibrosis are frequently associated 
with intermittent oliguria, alternating with periods 
of polymria and diuresis. Occasionally, acute papil- 
lary necrosis is attended fay oliguria. Unc .acid crys- 
tals may obstruct both ureters temporarily in 
patients with leukemia or lymphoma who have re- 
ceived nlttogen mustards or x-ray irradiarion Simi- 
lar obstruction may be caused by certain sulfona- 
mides given to dehydrated individuals The pro- 
longed anuna w’hich occasionally follows bilateral 
Tetrogr.ade pyelography is probably a result of ob- 
struction to the lower ureteral orifices by inflamma- 
tor) edema. 

Oliguria attending the terminal stage of chronic 
kidney disease can usually be distinguislied by the 
history, presence of hypertension, abnormal fundi, 
and small size of the kidneys. During the terminal 
st.Tgcs of hep.atic failure, espedally in cases com- 
plicated by hemorrhage and hypertension, a syn- 
drome of oliguria and progressive azotemia often 
appc.ars which is associated with the lesions of tu- 
bular necrosis at postmortem but differs in some 
respects from the course of acute tubular necrosis 
outlined above. Tlie oliguria is not severe, urine 
flow usually exceeding 150 ml per day'. Urmary 
osmolarity may in some instances be distinctly ele- 
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vated above tlmt of plasma, and urinary sodium 
concentration is low. Vigorous transfusion anil die 
use of vasopressor agents improve urinary flow only 
inconstantly and transiently. Although progression 
of tlie syndrome may in rare instances be halted, 
a typical diuretic phase docs not ensue. 

Treatment. Perhaps more than in any other renal 
disease, the course of acute renal failure is defer- 
nuned by the therapy the patient receives. Treat- 
ment during the initial stages of the disease must 
be directed toward reversing circulatory’ failure, 
which may have initiated the ischemic episode. 
Altliough overhydration predisposes to later pulmo- 
nary edema if renal failure is established, too timid 
replacement of blood or saline in shocked or de- 
hydrated patients may perpetuate oliguria and per- 
mit tubular necrosis to develop. If vasoconstrictor 
agents are substituted for blood in hypovolemic 
shock, further renal damage with ischemic coagula- 
live necrosis of cortical tubules may result. 

Having restored circulatoiy' efficiency, only cur- 
rent losses should be replaced. The p.itient should 
receive enough water and salt to provide for ob- 
vious extxarcnal (e.g., gastrointestinal) and itrina^ 
losses and, In addition, enough water to compen- 
sate for insensible perspiration and water in expired 
air. Under average conditions of environmental and 
body temperatures, norma) hydration fn an adult 
patient can be maintained by die dally administra- 
tion of about 600 ml of water m addition to other 
measured losses (since some water Is provided from 
oxidized foodstuffs and tissue breakdovni). Accu- 
rate daily weights provide a reliable index of fluid 
balance; ideally the patient should lose >4 ^ 

lb daily as a result of consuming his own fat calo- 
rics 

At least 100 to 150 Cm of carbohydrate should 
be given daily, le mimniize prcAein breakdown and 
prevent ketosis. Its effect in this direction is en- 
hanced if It is administered throughout the day 
ratlier than over a short period of time. There is 
no evidence that higb-calorie mixtures containing 
more carbohy’drate and much fat are appreciably 
more efficacious in reducing protein catabolism 
tchen the IntafiC of protein is interdicted, as it roust 
be in acute renal failure. llTien nausea is not pres- 
ent, 50 Gm lactose, 25 Cm sucrose, and 25 Cm 
glucose m-ay be dissolved in the daily water re- 
quirement, flavored with a little lemon and served 
cold, to be sipped throughout the day. Ordinary 
food, especially juices, should not be given, since 
potassium intake is undesirable. Oral feedings 
should not be attempted m {he presence of nausea 
or vomUtng. Sodium lactate, accompanied by cal- 
cium, may be given in amounts of 40 to 80 rnEf] 
per day to avoid further acidosis, vvlien the plasm.^ 
CO- has fallen to 18 mEq per liter. Larger amounts 
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iiiglior in economically xintleqiriMlegcil and poorly 
nourished segments of the population. Toxemia of 
pregnancy is cspecLnlly frequent in patients with 
prior renal and vascular disease. From 35 to 50 per 
cent of pregnant women with preexisting hyper- 
tension can expect to have their pregnane)' com- 
plicated by a toxemic episode. Tlie incidence in- 
creases in general with the height of the diastolic 
blood pressure and is especially high if in previous 
pregnancies prceclampsia was superimposed upon 
chronic hjpertensive vascular disease. Preceding 
toxemi.i of pregnancy appears to predispose to 
recurrence in 30 to 60 per cent of patients even if 
blood pressure and urine have been normal between 
pregnancies. Evidence of pyelonephritis is encoun- 
ter^ clmieally in about one-fiftJx of patients with 
preeclampsia. Patients with diabetes are not espe- 
cially susceptible to the disorder unless vascular or 
renal disease is present. 

The onset may be either insidious or shockingly 
abnipt. Although toxemia commonly appears after 
the twenty-fourth week of gestation and frequently 
only a day or two before delivery, the onset may be 
earlier, particularly in patients with underlying 
renal disease. Hypertension Is usually an early 
sign. Because of the normal decline in blood pres- 
sure during the latter two-thirds of pregnancy, the 
phjsician should not ignore the significance of a 
rising blood pressure, even though it may not ex- 
ceed 140/00. With hypertension, beodacbes and 
visual disturbances are frequent but not universal 
complaints. The fundi often shosv narrowing and 
spasm of the retinal arterioles. The retin.i may ap- 
pear glistening or wet, but the author has not been 
impressed with the frequency or specificity of this 
sign. Exudates and hemorrhage are late occur- 
rences in severe cases. 

The appearance of proteinuria is usually coin- 
cident w’ith hypertension, although it may follow 
(less often, precede) the rise in blood pressure by 
a week or so. The amounts may vary from a trace 
of protein to 8 or 10 Gm in ^ hr. Granular and 
hyaline casts arc found in the urinary sediment. Un- 
like acute glomerulonephritis, red cells are mually 
not present in large numbers. Renal concentrating 
ability is generally unimpaired, and phenolsul- 
fonphthalein excretion is normal except in severe 
cases and in patients with previously decreased 
renal function. The blood urea nitrogen does not 
often rise above 20 mg per 100 ml. Nevertheless, 
glomerular filtration rate is probably diminished by 
the disease in most cases. Even slight nitrogen 
retention must be interpreted with due regard to 
the physiologic increase in glomerular filtration rate 
and fall in blood urea which characterize the 
norma! pregnancy. Blood uric acid is commonly 
though not invariably elevated, reflecting a de- 
crease in renal clearance of urate. In fulminant 
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cases, oliguria may be prominent and presage the 
acute renal failure of tubular necrosis. 

The edema which characterizes preeclampsia re- 
sembles that of acute glomerulonephritis in its dis- 
tribution and probably in its pathogenesis. Edema 
may be absent when the toxemia has been explosive 
in its onset, as with convulsions. In other cases 
excessive weight gain with puiBness of the face, 
fingers, and ankles is the earliest symptom, ante- 
dating hypertension or proteinuria. Edema is usu- 
ally contributed to by hypoalbuminemia; yet the 
senim albumin, though diminished, is not often 
below 2 Gm per 100 ml, and the edema of toxemia 
is not so dramatically relieved by injecting serum 
albumin as Is the edema of nephrosis. 

Signs of cardiac failure are present In a signifi- 
cant proportion of cases. With the appearance of 
edema, orthopnea and exertional dyspnea are often 
exaggerated. These sj-mptoms frequently subside 
xvilli bed rest, digitalis, and diuresis. As in glomeru- 
lonephritis, the circulation time may be normal 
while the venous pressure is elevated. 

Certain patients with severe toxemia, with oi 
without eclamptic convubions, may develop mul- 
tiple clotting deficiencies or intravascular hemolysis, 
often following delivery. 

Convulsions are often preceded by the develop- 
ment of hyperactive tendon reflexes and occa- 
slonaUy by epigastric pain. Though they are often 
associated with marked hypertension, their ap- 
pearance is not necessarily correlated with tlie 
height of the blood pressure. They may occur 
within the first day or two following dehvery, as 
well as before or during labor. Petechial hemor- 
rli.iges are observed in the brain in most patients 
who die of eclampsia. 

Termination of the pregnancy is usually followed 
by prompt improvement of the mother. Proteinuria 
and hypertension usually disappear by the end 
of 1 or 2 weeks, though occasionally they persist 
longer. Nevertheless, in perhaps 50 per cent of 
patients with preeclampsia, hypertensive vascular 
disease indistinguishable from essential hyperten- 
sion develops later. The incidence of irreversible 
renal changes and of late hypertension increases 
significantly with the duration of the toxemia. 

Treatment. The most effective treatment is 
prompt emptying of the uterus. Ganglionic block- 
ing agents should not be used to treat the hv-per- 
tonsion since they cross the placental barrier and 
may injure the fetus. Abrupt and severe hypoten- 
sion induced by drugs may result in fetal distress 
and cause acute renal failure in the mother. In 
mild cases, hypertension may be treated bj’ vasodi- 
lating agents Lke reserpine, hydralazine, veratnim, 
or magnesium sulfate, and edema can be eliminated 
with diuretics, bed rest, and a low'-salf diet. \t^ien 
proteinuria and hypertension persist, hovi’ever, ft 
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in tlie diet and will generally bo well utilized in 
rcpleling tissue stores. 

Prevention. The development of toxic or ischemic 
tubular necrosis in experimental and clmical sihia* 
lions is conditioned by the state of liydration and 
the concentration of the urine. Renal vasoconstric- 
tion is potentiated in dehydrated animals. Hemor- 
rhagic or tourniquet shock is enhanced by dehydra- 
tion and modified by prior infusions of saline. It 
would seem wse to give enough saline and glucose 
solution before and during surgical operations to 
compensate for antecedent losses ns well as those 
anticipated during the operative procedure. Since 
dehv'dralion contributes to the production of sliock, 
it is likely that these simple measures will reduce 
the necessity for transfusions and therefore the like- 
lihood of transfusion reactions. 

Prognosis. Despite the fact tliat in most cases the 
damage to tubular epithelium is theoretically rep- 
arable, acute tubular necrosis is a dangerous dis- 
ease with a serious prognosis. The mortality in many 
large series of cases is about 50 per cent, in spile 
of the most careful attention to details of fluid and 
electrolyte balance and with the aid of the artificial 
kidney. The result depends to a large extent upon 
the background of associated illness leading up to 
the acute episode and the outcome of infections 
acquired during its course. 

^V’hen renal ischemia is e.xtrcmely Intense or pro- 
longed. acute cortical necrosis, wi^ destruction of 
lomeruli, may occur. Such lesions are not reversl- 
le and most patients die without emerging from 
anuria. Most instances of acute cortlc.nl necrosis 
have followed complications of pregnancy, particti- 
larly premature separation of the placenta, eclamp- 
sia, and septic abortion, although the disease is also 
encountered following severe shock in nonpregnanl 
pairenfs pnrexfstrng c-ascuJar dhease. Aaarij 
for several days is common, follovv'ed by prolonged 
oliguria. The protein content of the urine is ele- 
vated. In the few patients who survive, renal cal- 
cific.ntion and contraction of the kidneys may be 
observed. The author has seen malignant hyperten- 
sion develop after 4 months in one such patient. 

PAPILLARY NECROSIS 

mien severe infection of the renal pyramids is 
present in association with vascular diseases of lire 
kidnev or urinary tract obstruction, renal papil- 
lary necrosis is likely to result. Patients with dia- 
betes and vascular disease seem peculiarly suscepti- 
l)lu to this complication. P.iin in the flank or 
abdomen, chills, and fever are the most common 
presenting symptoms. Acute ren.il failure with 
oliguria or anuria is not infrequent. Rarely, slough- 
ing of a pu.unid may take pl.ice without symptoms 
in a patient with chronic urinary infcctuni, and the 
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diagnosis is made when the tissue is passed in t!ic 
urine or identified on pyelography. If renal func- 
lion deteriorates suddenly in a diabetic patient, tliij 
diagnosis should be entertained, even in tlie ab- 
sence of fever or pain. 


PREECLAMPSIA AND ECLAMPSIA- 
TOXEMIAS OF PREGNANCY 

TJie term toxemia of pregnancy is generally de- 
fined as including those disorders encountered 
during gestation or shortly after delivery, which are 
characterized by' the appearance of hypertension, 
edema, and proteinuria (prcccbmpsia) and, in 
severe cases, convulsions and coma (eclampsia) 
There is no reason to believe that patients with 
convoiUions suffer from a disease essentially differ- 
ent from that of patients with precclampsia. Such a 
classification necessarily includes a large number of 
diverse diseases of the kidneys and blood vessels 
which may begin or be exacerbated during preg- 
nancy and to which pregnancy may lend a distinc- 
tive coloration. There appears to be in addition, 
however, a specific disease affecting the kidnev-s 
and the vascular system, usually commencing in the 
last trimester of pregnancy, which in most cates 
IS dramatically improved when the pregnancy is 
terminated. 

Pathology. The most common histologic finding 
In the kidneys in toxemia of pregnancy is marked 
swelling of the cndothehal and epithelial cells of 
the glomeruli. In severe or prolonged cases, thicken- 
ing of afferent arterioles may be apparent. Gen- 
eralized and focal thickening of the glomerular 
basement membrane and fibrinoid necrosis of 
glomerubr tufts have been described at post- 
mortem, huf these changes are rarer in rena) 
biopsies obtained from patients «ho recover. Tubu- 
lar necrosis is present in almost all patients who 
die of acute toxemia of pregnancy-. Necrosis of 
liver cells and hemorrhages in the periportal areas 
are present in some but not all fatal cases; it has 
been suggested that these as well as the necrotic 
lesions of the kidneys may be secondary to vascular 
spasm and shock. 

Clinical Features. Toxemia occurs more often m 
vvximen pregnant for the first time and in those in 
the age group over thirty-five. It is more common 
with twins than in single pregnancies. Interesting!) . 
its incidence is especially high in mothers bearing 
hyxlabform moles, in which albuminuria and hv- 
jiertension characteristically appear early rather 
than late in pregnancy, suggesting tliat the dis- 
order is associated vvilli the placenta, rather thw 
tlie fetus. As with most vascular disorders, its 
manifestations arc more frequent and pronouncetl 
in llic obese, though panuhivlcally its incidence is 
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veins with upward blood flow, unexplained edema 
of the legs or lower trunk, or recurrent pulmonary 
emboli may suggest the diagnosis which can be 
established by venography of the inferior vena cava. 

IlENAL DISEASE IN 
LUPUS ERYTIIEhUTOSUS 

Incidence. In about two-tliirds of all patients with 
lupus eiylliematosus there is clinical evidence of 
renal involvement. Nephritis is found at post- 
mortem in 75 per cent of these patients, the major- 
ity of whom die of renal failure. The diagnosis of 
lupus nephritis was made in onc-lhird of all adult 
and adolescent women with the nephrotic syn- 
drome examined at the Presb>terian Hospital of 
New York over the course of 2.0 years. 

Pathology. The earliest lesion is a focal mem- 
branous glomerulonephritis involving the periphery 
of the glomerular tuft, usually in conjunction xvith 
small areas of endothelial proliferation. As the 
disease advances, the glomerubr process becomes 
more generalized, with diffuse thickening of the 
basement membrane, resulting in "wire loop” for- 
mation and intense focal cellular proliferation, with 
capsular adhesions and epithelial crescent forma- 
tion, progressing to hyalinization. Lesions are fre- 
quently seen in various stages of development. It 
should bo emphasized that they o\'crlap morphologi- 
cally with those obsen.‘ed in chronic glomerulone- 
phritis (p. 1483). Some of the morphologic differ- 
ences may be expressions of the relatively rapid 
rate of progression of the disease. Thus, contracted 
kidneys with many fibrolic and hyahnized glomeruli 
are uncommon, while focal zones of necrosis in the 
glomeruli, with nuclear fragmentation, are frequent. 
Hematoxylin bodies, consisting of depolymerized 
ribonucleic add, are occasionally observrf In the 
glomeruh; they have not been reported in chronic 
glomerulonephritis. 

Clinical Features. Lupus nephritis may present 
as acute glomerulonephritis, "latent” nephritis xvilh 
asymptomatic albuminuria, nephrosis, or chronic 
glomerulonephritis with renal insufficiency. Its 
course may be fulminating, ivith death in uremia 
after only a few weeks of onset, or the patient may 
live for years, with proteinuria and microscopic 
hematuria regarded as merely subsidiary to the 
other vicissitudes of the disease. In its early phases, 
signs of renal disease may be remittent, but when 
massive proteinuria or azotemia has appeared, the 
course is generally rapidly downhill within 1 to 8 
years. Hypertension is rare unless azotemia is 
present or the patient is being treated with steroids. 
The urinary sediment is characteristic of chronic 
active glomerulonephritis, with leukocytes, red cell 
casts, doubly refractvle lipid granules, and broad 
granular casts. Other systemic signs of lupus, such 
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as rash and arthritis, as well as the LE test, may 
disappear while the nephritis is active; this is espe- 
cially likely with the development of the nephrotic 
syndrome or signs of uremia. 

Treatment. Treatment with relatively small doses 
of adrenal steroids (e.g., 100 mg of corbsonc 
daily), xvhieh may be enough to suppress fei'cr 
and artlirltis, rarely improves advanced lupus 
nephritis and does not prevent its development, 
though mild proteinuria and hematuria may show 
improvement. Larger doses of steroids (e.g,, 60 to 
80 mg of prednisone daily) plus antimalariiils may 
produce temporary remission of proteinuria and im- 
provement in renal function. Many patients, how- 
ever, continue to progress regardless of treatment. 
This is especially true after azotemia and hyper- 
tension have appeared. Remission has been re- 
ported in some after treatment with nitrogen 
mustard. 

SCLERODERMA 

About one-third of patients with scleroderma die 
of renal failure, and m two-thirds renal changes are 
present at death. The characteristic lesions consist 
of e.xtensive intimal thickening of the interlobular 
arteries, fibrinoid necrosis of the cortical arterioles, 
thickening of glomerular loops, and spotty ischemic 
cortical necrosis. These changes may be mdistin- 
guisliable from those seen in malignant hyperten- 
sion. Proteinuria does not generally exceed 2 Cm 
per day. The blood pressure is usually elevated, 
especially terminally. In exceptional instances, how- 
ever, it may be normal, even in patients with 
widespread arterial and arteriolai lesions at post- 
mortem. Minimal proteinuria may be the only sign 
for Jong periods. Once renal involvement iS mod- 
erately adsTinced, the course is rapid, leading to 
death from renal insufficiency a few weeks or 
months after azotemia has appeared. Terminal 
oliguria or anuria is common. The rapid progression 
of renal insufficiency frequently appears to be 
precipitated by the use of hypotensive agents 
Adrenal steroids do not prevent or ameliorate the 
renal disease; it has been suggested that they ac- 
celerate it, but the evidence for this is not entirely 
convincing. 

PERIARTERITIS NODOSA— 
HYPERSENSITIVITY ANGIITIS 

The kidney is said to be involved in approxi- 
mately 80 per cent of all patients with periarteritis 
nodosa. It must be pointed out that precise nosology 
in this area is somewhat complicated by the fact 
that arteritic lesions may occur in the course of 
malignant hypertension and may occasionally ap- 
pear in the course of glnmcnilonephritis. 
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IS doublfii! that such treatment prevents further 
\ascular injurj' to the placenta and the kidnej’S. In 
such instances attempts to prolong the pregnant 
for se\'cral weeks are associated with a high fefcJ 
mortality and the risk for the mother of permanent 
vascular disease. 

ORTHOSTATIC AND 
FUNCTIONAL PROTEINURIA 

In perliaps three-quarters of adolescents and 
young adults, proteinuria may be induced by 
prolonged standing in the erect position. This effect 
IS more pronounced when a lordotic posture is as- 
sumed. In some patients lordosis has been demon- 
strated to result in compression of the inferior vena 
cava by the liver, and it has been postulated that 
the resulting increase in pressure in the renal veins 
IS responsible for proteinuria. It appears more likely, 
ho^\’cvc^, that changes in the renal circulation see- 
ondarj’ to peripheral sequestration of blood may be 
involved since proteinuria can be produced in 
susceptible individuab by applying tourniquets in 
the supine position, prevent^ by standing upright 
m water, and aggravated by the peripheral vasodd- 
atation Induced by heat. Urine passed early in 
the morning, before arising, is free of protein 
although of high specific gravity. Care must be 
taken to have the patient empty his bladder at mid- 
night, svithout getting up, so that urine formed 
m the erect position during the prei-ious evening 
is discarded. Urine produced after the patient has 
been up may contain as much as 1 to 3 Cm of 
protein per liter, although usually less than 1 Cm 
of protein is excreted per day. The excretion of 
casts and other formed elements may also increase 
with the appearance of protein. Often a history of 
easy flushing, fainting, or other evidence of au- 
tonomic instability is obtained. It should be re- 
called that the erect posture may increase protein- 
uria in some patients with renal disease, especially 
in healing or "latent" nephritis. Such cases, how- 
ever, make up only a small percentage of young 
mdividuab with orthostatic proteinuria, in the 
majoritj’ of whom the condition is entirely benign 
and unassociated with other clinical evidence of 
impaired renal function. 

Strenuous physical exercise produces transiait 
proteinuria and microscopic hematuria In most 
people "Functional’' proteinuria may ako occur 
during fever, after injections of epinephrine or nor- 
epinephrine, and during severe mental or emo- 
tional stress. 

RENAL ARTERIAL OCCLUSION 

Arterial infarction of the kidney is usually at- 
tended by sudden sharp unremitting pain in the 
upper abdomen or flank. The most common cause 
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is embohe occlusion. Fever and moderate leukoc)- 
tosis are common, especially when a major branch 
of the renal artery has been occluded. Gross hema- 
turia is not unusual, and microscopic hematuria is 
present in more than half the cases. The blood 
urea nitrogen usually is pot abnormal unless there 
is contralateral disease. Shortly after a renal in- 
farct. tlie kidney may not function on intraienoiis 
pyelography, altliough it appears normal in size and 
retrograde pyclograms are normal. During the 
ensuing days or weeks, function is slowly regained 
When occlusion of the renal artery is Incomplete 
as a result of atherosclerotic narrowing, or if a 
branch of the main renal artery is occluded, and 
viability of kidney tissue is preserved by collateral 
circulation, hjpertension may ensue, which is often 
of the rapidly progressive type, though re\ersihh 
by nephrectomy. In such patients intravenous pjc- 
lograms may be normal. Often the affected kidney 
is contracted. In a significant minority of cases, 
albuminuria Is absent and the urinary sediment 
may be completely normal. The diagnosis may 
be made by studies of the volume and composition 
of urine obtained on bilateral ureteral catheteriza- 
tion and by aortography (p. 1352). 

RENAL ^TIN THROMBOSIS 
Etiology. One or botli kidneys may bo involved 
by renal vein thrombosis. Occlusion of renal veins 
usually impL’es thrombosis of the inferior vena cava 
as well A common cause is invasion of the veins by 
ht/pemephroma or compression by moUgnant metas- 
loses to retroperitoneal lymph nodes at the level 
of the celiac axis. Thromhophlebilis of the legs 
with extension upward, periarteritis, congesihe 
heart failure, or severe dehydration, especially m 
cUddren, may be etiologic factors. The venous 
occlusion may follow an abdominal Injury or opera- 
tion. In adults, renal vein thrombosis may occur as 
a secondary and often terminal complic.ition of 
renal disease which has previously caused pen- 
nephric inflammation or reduction of renal blow 
flow. It is particularly likely to occur in papillary 
necrosis and in renal amyloidosis. 

Clinical Features. Sudden complete tlirombosis 
of a renal vem causes severe lumbar pain, enlarge- 
ment of the affected kidney, hematuria, and proteiu- 
uria. If the condition is bilateral, oliguria and death 
from uremia usually ensue. If the occlusion is more 
gradual, renal function may be partially preserveu 
by the development of collateral venous channels 
In a few such cases, massiv'e proteinuria results 
in a full-blown ne[ihrotic syndrome; in other in- 
stances, proteinuria is not prominent and is over- 
shadowed by hematuria. The blood pressure i* 
usually normal, and when hypertension occurs «t 
is not severe. The presence of collateral abdomin.s 
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mcnl of renal fimtlion is not necessarily correlated, 
however, with tlie decree of albuminuria or Bence 
Jones proteinuria. In addition, hjpercalcemia may 
produce transient or irreversible renal damage. In 
some cases the kidney may be infiltrated by amy- 
loid. Rarely, deposits of mjclom.v cells may diffusely 
infiltrate the kidneys. 

The major e.irly change produced by the Bence 
Jones proteins is in tlie tubules. Pro’cimal tubular 
cells arc swollen and have droplet or rodtike Inclu- 
sions. Large obstrvicting casts form along the entire 
length of the renal tubule, most prominently In 
the straight tubules of the medulla. These are often 
hminated and surrounded by multinucleated giant 
cells possibly derived from degenerating tubular 
epithelium. In addition, there is usually distinct 
thickening of the glomerular basement membrane, 
without cellular proliferation or crescent formation. 
Vascular sclerosis is not commoni when it occurs it 
IS probably coincidental. 

Alteration in renal function is most frequently 
characterized by nitrogen retention and loss of 
concentrating power, without hjpertension, reti- 
nitis, or edema. Proteinuria is usually present, con- 
sisting of albumin ns well as certain globulins and 
Bence Jones proteins which may be excreted only 
intermittently. Anemia may seem out of proportion 
to the degree of azotemia. The disease may super- 
ficially resemble the chronic forms of glomerulone- 
phritis or pyelonephritis. The nephrotic syndrome 
probably does not occur in multiple myeloma unless 
the disease Is complicated by amyloidosis. In unusual 
instances, and before azotemia has become promi- 
nent, disturbances in renal tubular function may 
dominate the picture, with renal glycosuria, amino- 
aciduria, low levels of serum uric acid, and renal 
potassium vv’asting. Loss of concentrating power is 
common, and nephrogenic diabetes insipidus has 
been reported. Renal loss of phosphate with con- 
sequent hypophosphatemia and elevab'on of the 
serum alkaline phosphatase may, in rare cases, 
cause confusion with hyperparathyroidism. Because 
of the exceptional tendency to formation of obstruc- 
tive casts, procedures which cause dehydration 
must be carefully avoided in the patient with 
multiple myeloma. Acute anuria has been observed 
in sev’eral instances following intravenous pj’elog- 
raphy, probably as a result of the dehydration 
which is often induced in prep.iring for this pro- 
cedure. Acute renal failure with anuria or oliguria 
which follows an episode of dehydration in an 
elderly person should suggest the possibility of 
myeloma kidney. 

mTERCALCEMIC NEPHROPATHY 

Acute elevations of serum calcium may be asso- 
ciated with marked paljitria, succeeded by dehy- 
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dration, oliguria, and rapidly advancing a/otemiu. 
Prolonged hvpercak'emia and/or hvpercalcuria, as 
in hvperparathvToidism, vitamin D intoxication, 
the tmlk-aikali syndrome, Boeck’s sarcoid, multiple 
myeloma, or carcinomatosis, may result in diffuse 
nephrocalcinosis and present as renal insufficiency, 
insidious in onset and only slowly progressive. In 
such cases, severe disturbances in renal function 
need not be associated with stones or with radiologic 
evidence of calcification in the kidneys. Impairment 
of urinary' concentrating capacity is an early sign 
of calcium nephropathy, and poly’uria and poly- 
dipsia are frequent, although not invariable. In 
more sev'cre cases, there is a depression in filtration 
rate and renal blood flow, with retention of nitro- 
gen. The urinary sediment maj’ contain red blood 
cells, as w’cll as leukocytes and white blood cell 
casts; in many patients, however, it is remarkably 
free of form^ elements. Unless congestive heart 
failure is present, proteinuria is slight. Hyperten- 
sion is common when nephrocalcinosis is estab- 
lished and does not disappear when tlie serum 
calcium has returned to normal, even though renal 
function improves, Renal insufficiency may some- 
times be completely or partially reversed when 
hypercalcemia is eliminated. In other cases, uremia 
and hypertensive vascular disease progress to a 
fatal tcrminab'on despite the disappearance of 
hypercalcemia. The degree of reversibility of renal 
impairment is related to the extent of scar forma- 
tion and permanent medullary obstrucb'on by cal- 
cium precipitates as well as to the presence of 
vascular disease and infection. 

POLYCYSTIC KIDNEYS 

In this disorder normal renal tissue is gradually 
replaced and encroached upon by multiple cysts of 
the renal parenchyma of v'arying size. The disease 
is congenital and in one-half to two-thirds of cases 
appears to be familial and transmitted as a domi- 
nant gene, which is probably not sex-Iinked, since 
the incidence is equal in the two sexes. The condi- 
tion is bilateral, though one kidney' may he involved 
to a greater extent than the other. 

Pathology. The kidneys are enlarged to sev'eral 
times normal size and are filled with grapefike 
clusters of cy'sts containing clear or hemorrhagic 
fluid. Between the cy’Sts islands of normal or par- 
tiallyr fibrotic renal parenchyma persist. In infants 
die cysts are said to be closed and do not com- 
municate with the renal pelvis, while in adults there 
is evidence that some cysts are functional. In 
patients with polycystic kidneys cysts of the liver 
may be present and, more rarely, cysts of the pan- 
creas and spleen. These are usually asymptomatic. 
There is a high associated incidence of intracranial 
aneurysms, and death from cerebral hemorrhage 
occurs in about 10 per cent. 
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Patliology. Keiial lesions in penarterilis are of 
two tjpes. The first is characterized by scgroentil 
fibrinoid necrosis of part or all of an arterial wall, 
with an inflammatory perivascular infiltrate. Usually, 
arteries of medium size are imoivcd (arcuate 
arteries or larger), but arterioles and even capil- 
laries may be attacked. Signs of organization may 
be evident, with fibrous replacement of the dam- 
aged media and the formation of aneurysms at 
weakened spots in the larger muscular arteries. 
Multiple infarctions and gross cortical sears are ap- 
parent in the renal parencliyma. There may be scat- 
tered focal glomenilitis of varying age and activity. 
The secor\d type of involvement is characterized 
by an active, rapidly progressive glomerulonephritis, 
with w idespread fibrinoid necrosis of glomeruli and 
epitViehal crescent formation. Combinarions of these 
types of lesions may occur. 

Clinical Features. With lesions of the larger renal 
arteries, hypertension is usual and may dominate 
the clinical picture Albuminuria is always present, 
and the urinary sediment frcfjuently contains red 
cell casts and fat bodies- Episodes in which the 
urine is grossly bloody are common. Uremia may 
be noted terminally, but azotemia frerjtiently is 
absent or mild, and only slowly progressive. Ilcmis- 
sions and rebpses often mark the clinical course 
Persistent hypertension may be a serious sequel 
when the disease is no longer active. 

When the clinical and pathologic features of 
acute glomerular nephritis arc present (as in the 
variety of hypersensitivity angiitis commonly caused 
by reaction to drugs), hypertension is more often 
absent, even m the presence of marked azotemia. 
Although death from renal insufficiency usually 
takes place within 6 months to a year of onset, in 
milder cases permanent spontaneous remissions 
have been observed. 

Periarteritis should be suspected in patients with 
renal failure or hypertension, especially when fea- 
tures suggesting glomerulonephritis are present, 
when other organ systems are involved, or in the 
presence of obscure fever or unespbmed leukocy- 
tosis or eosinophilia. 

Large doses of adrenal steroids produce improve- 
ment in renal function in some patients. In a few 
of these, the manifestations of renal imolvcmcnt 
completely disappear and the remission persists 
after steroids arc withdrawm. In others, maintenance 
on steroids is necessary to sustain the remission, 
and m many patients the renal lesion appears to 
progress in spite of treatment. 

ANnXOID KID.VEY 

Renal amyloidosis is most commonly cncountCTcd 
as a complication of a variety of chronic suppura- 
tive diseasi*s, such as ostcomyelilK tiilierculosis, 
tertiary syphilis and leprosy, ns well as Hodgkin's 
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disease, iilcerativ e colitis, and rheumatoid arthritis 
As the incidence of chronic infection has declined 
owing to the introduction of antibiotics, the amvloid 
kidney of "primary amyloidosis” and amyloidosis 
secondary to multiple myeloma and rheumatoid 
arthritis liave become relatively more prominent 
Amyloid involvement of the kidneys, as well as of 
other organs, commonly occurs in the course of 
familial Mediterranean fcv'cr, where renal insuffi- 
ciency secondary to amyloidosis is usually the cause 
of death. The clmical and pathologic features of 
the renal disease produced by “primary” and 
“secondary” amyloidosis are similar. 

Amyloid deposition may be most prominent in 
the walls of bloo<l vessels (especially the small 
arteries), in the glomeruli, or surrounding the 
collecting tubules and small blood vessels of the 
mcdulb. In all these locations its distribution often 
tends to be patchy’ rather than diffuse and uniform 
The clinical picture is influenced by the location 
and degree of involvement. When amyloid deposits 
are limited to blood vessek and to occasional focal 
deposits in glomeruli, mild proteinuria, sometimes 
with hematuria, may be the only sign. On the other 
hand, when glomeruli are massively infiltrated, 
heavy proteinuria is the rule, associated with the 
nephrotic syndrome. In such cases, glomerular filtra- 
tion may be surprisingly well maintained despite ex- 
tensive deposits of amyloid in the malpighian tufts 
The rare instance of amyloidosis confined chiefly 
to the medulb may be marked by polyuria resistant 
to vasopressin. Hypertension is unusual unless the 
disorder has progressed to the stage of azotemia 
and contracted kidneys. Generalized muscular 
weakness, difficulty in swallowing, and postural 
hypotension are frequent accompaniments of pri- 
mary amyloidosis. Biopsy of the liver or b’dney iv 
useful in establishing the diagnosis. The course of 
the disease is generally prolonged, but in some 
cases secondary to advanced tuberculosis, only 6 
montlis may elapse from the first appearance of al- 
buminuria to the development of advanced uremia- 
Dealh occurs from the primary disease, amyloid 
involvement of the myocardium, intercurrent infec- 
tion, or renal insufficiency. The disease doCT not 
respond to steroid treatment. In those instances in 
which a chronic suppurative disease can be eraih- 
cated, a complete remission may be observcil. 

MULTIPLE Ml'ELO.MA 
Impairment of renal function occurs m over 50 
per cent of patients with multiple myeloma. Pro- 
teinuria is even more common. Renal damage can 
be rehted in many’ cases to the excretion of ab- 
normal proteins of low molecular weight and the 
injurious effect of these subst.inecs on the renni 
tubules and ultimately the entire nephron. Impair* 
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ha%ior problem, wliile the I^idneys are irretrievably 
damaged, 

THE KIDNEY OF GOUT 

From 30 to 50 per cent of gouty pab’ents are 
said to die of renal disease. The l-idnej’ of most pa- 
tients with gout contains characteristic fan-sbaped 
clefts containing deposits of urate in tlie interstices 
of the medulla. Pyclonephiitis is a frequent finding, 
and aiteriolar sclerosis is almost always present. 

Urate calculi occur in approximately 15 per cent 
of patients with gout and are particularly common 
during uricosuric therapy if a high fluid intabe is 
not maintained. Doth uric acid stones and inter- 
stitial deposits of urate crj'Stals in the kidney may 
occur in patients with hyperuricemia who have 
never had gouty arthritis. 

The most common indications of early renal 
damage are mild proteinuria, decreased excretion 
of phenolsulfonphthalein, and a reduction in con- 
centrating ability Slowly progressive azotemia xvith 
minimal albummuna and little or no abnormality 
m the urmary sediment m.ay characterize the course 
of some patients. Though hypertension may be 
absent, the blood pressure is commonly elevated; 
In fact, it has been suggested that hypertension 
and vascular sclerosis, especially nephrosclerosis, 
occur as part of a constitutional diathesis of which 
gout or hyperuricemia is a component part. Hyper- 
uricemia and evidence on renal biopsy of arteriolar 
sclerosis may occasionally be the only positive find- 
ings in patients with asymptomatic proteinuria. 

In rare instances of gouty kidney, renal function 
has been reported to improve slowly and urate 
stones to dissolve following the long-term adminis- 
tration of a high fluid intake and alkali, in associa- 
tion xvith uricosuric agents. 

NEPHROLITHIASIS 

Renal stones may vary in size from tiny particles 
to large staghorn calculi which fill the entire renal 
pelvis. They may be asymptomatic or may continue 
to be formed and passed for years xvith no dele- 
terious effect on renal function and no discomfort 
except occasional renal colic. Even a large staghorn 
calculus may produce no symptoms save, perhaps, 
for occasional nagging abdominal or flank pain. 
Often, however, renal calculi are associated with 
infection and progressive encroachment on rmal 
function. Stones passed from above are rarely 
retained in the bladder unless there is obstruction 
and residual urine. 

The typical attack of renal colic is exquisitely 
painful, causing the patient to double up in agony. 
The crampy pain begins in the side or back, r^at- 
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ing to the lower abdomen, genitals, and inner thigh. 
The attack usually persists for several hours, al- 
though it may be o\er in a matter of minutes. 
Dysuria is frequently present, and even after tlie 
attack has subsided, tenderness along the course 
of the ureter often persists. Fever and leukoc)'tosis 
signal the presence of associated infection. Hema 
turia and proteinuria arc almost always present. 
Sometimes the pain is not referred in the usual 
manner and may simulate gallbladder disease, ap- 
pendicitis, peptic ulcer, or disease of the spine. 
Renal colic m.iy also be produced by blood clots 
or pus obstructing the ureter. 

In about half of all patients with renal calculi, 
some predisposing causes can be found. These 
include fiypeTporatht/roidism, excessive ingestion of 
milk, alkali, and vitamin D, bone disease producing 
hypercalcuria, sarcoid and renal tubular acidosis. 
Idiopathic hypercalcitiria is found in a large pro- 
portion of patients with recurrent calcium stones. 

Cystiiwria (p. 747) is a congenital disorder char- 
actcrized by decreased tubular reabsorption of 
cystine, arginine, ornithine, and lysine. Owing to 
its relative insolubility, cystine tends to precipitate 
in the urinary tract to form stones which are radio- 
paque 00 account of their high content of sulfur. 
The condition may be diagnosed from the he.\- 
agonal appearance of cystine crystals in the urme 
and their characteristic reaction with nitropmsside 
Cystine stones may bo dissolved or prevented from 
forming if the reaction of the urine is kept alkaline 
and the urine volume high, ffereditcry glycinuria 
is a rare familial disorder associated with nephro- 
lithiasis and excessive urinary excretion of glycine 
unaccompanied by other amino acids. 

Uric acid stones are radiolucent, form most read- 
ily in acid urine, and may be prevented if the urine 
Is kept persistently alkaline. They frequently com- 
plicate gout and may appear in a variety of hema- 
tologic dueases, notably polycythemia. More than 
half of all patients with urate calculi have neither 
hyperuricemia nor increased urinary excretion of 
uric acid. In this group of patients an unexplained 
tendency to excrete urine of pH below 5 5 may 
predispose to uric acid stones 

Although most patients with calcium oxalate 
stones do not e-xcrete excessive amounts of oxalate, 
the rare condition of primary hyperoxaluria is char- 
acterized by progressive calcium oxalate urolithiasis 
and nephrocalcinosis beginning in early childhood. 
Finally, primary renal infection, especially with 
urea-splitting organisms and in the presence of hy- 
dronephrosis, may promote the formation of renal 
calculi. 

Treatment must be individualized and governed 
by the patient’s symptoms and the signs of asso- 
ciated renal disease. A small asymptomatic calculus 
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Clinical Features. The disease is found in infants, 
many of whom are premature and in whom it is 
rapidly fatal, as well as in adults in whom the 
course is only slowly progressive. The two diseases 
appear to be distinct, since families have not been 
reported in which both the infantile and the adult 
forms have appeared. Tire condition in the adult 
is commonly discovered in the fourth, fifth, and 
sixth decades, frequently in the course of a routine 
physical examination or as part of an investigation 
of asjraplomabc hematuria, proteinuria, or hyper- 
tension. Both kidneys are usually palpable; only 
one can be felt in one-fifth of tlie cases, and occa- 
sionally no mass can be palpated. In all instances, 
however, intravenous or retrograde pyelography 
demonstrates enlarged kidneys with elongation of 
the pelvis, flattening of the calyxes, and indenla- 
tions due to the cysts. Lumbar and abdominal ache 
is a frequent complaint, owing to the weight of 
the kidney which produces tension on the pedicle, 
to intracystic hemorrhages, or to pressure on other 
organs. The pain is often Increased by exertion and 
relieved by lying down. Pain may also be colicky 
and associated with hematuria and the passage of 
clots or with concomitant renal calculi. Hyper- 
tension appears in the third or fourth decade, when 
s)Tnptoms referable to high Mood pressure may 
predominate. After the age of forty or fort>'-Svc, 
the more common presenting complainb are those 
associated with renal insufficiency. WTicn a patient 
presents with uremia and a palpable ‘liver’* and 
“spleen," the diagnosis of polyc)'Stic kidneys must 
be considered Polyuria is common and oliguria 
rare, even termin.illy. The average age at ileath 
is between fifty and SLxty years; several patients 
have lived past seventy. Although the rate of pro- 
gression may be extremely slow, patients genendly 
do not live longer than S years after the blood 
urea nitrogen rises above 50 mg per 100 ml; super- 
imposed pyelonephritis, how’ever, occurs frequently 
and may induce renal decompensation which can 
be reversed by appropriate treatment. 

Treatment. It is important to remember that 
pol)C}'stic kidney disease is compatible with a 
normal life span. Puncture or marsupialization of 
the c) sts has not been demonstrated to prolong life 
and may introduce a disastrous infection. Berausc 
of the high incidence of bilateral disease, exdsion 
of one polycystic kidney is practically never in- 
dicated unless it is irretrievably infected or causing 
alarming hemorrhage, and then only after the other 
kidney has been shown to have f.iir function and to 
be only moderately involved in the cj’slic process. 
Hematuria usually responds to bed rest but should 
be disregarded if it is microscopic and asympto- 
matic. Pregnancy may be undertaken before hyper- 
tension and azotemia have appeared. 
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OTHER CYSTS OF THE KIDNEY 

Solitauj apis usually o«rur at the lower pole, 
projecting from the surface of the kidney. They 
contain a serous fluid vvhicli is not urine. They 
may be associated with a dull, dragging pain in the 
side, but are most often asymptomatic unless com- 
plicated by hemorrhage of infection. Occasionalh 
one kidney is completely replaced by vuiltipie 
congenital cijsta, while the other is uninvoKeJ 
Miitliple small retention ajsts, secondary to ob- 
struction of tubules, are common in nephrosclerosis 
and pyelonephritis. Met/afforj/ cystic cfiscosc b a 
rare disorder of childhood in which the medulla 
is honey’combed with small cysts of uniform size, 
lined with epithelium. The kidneys are not en- 
larged. Death occurs, sometimes after many years, 
from renal insufficiency. Echinococcus ajsts occur 
in the kidney in a small percentage of infestations. 

OTHER MALFORMATIONS 

Congenital malformations of the kidney are some- 
times associated with malformations of the external 
ear. Complete absence of one kidney occurs about 
once in 500 births. Unilateral hypoplasia is a rarer 
congenital anomaly. Horseshoe kidney results from 
fusion of the renal blastemas at the eighth to tenth 
fetal week, generally at their lower poles. The com 
mon location is close to the region of the aortic 
bifurcation. Tlie anomaly is found once in every 
500 to 1,000 autopsies and in most instances is 
asymptomatic and compatible with long life. If 
may, however, be complicated by renal calculi, 
recurrent pyelonephritis, hematuria, and abdominal 
pain. A few patients have nausea and vomiting 
associated with abdominal pain which is accen- 
tuated hy hypcrextensioD and relieved by leaning 
forward (Rovsing's syndfone). In some, a mass 
may be palpated in the lower abdomen. In crossed 
ectopia the renal blastema becomes deviated to the 
opposite side where it usually lies caudal to the 
normal kidney, with which it may fuse. Its ureter 
usually crosses the midline to terminate in the 
normal position. Such kidneys, as well as tinilalcr' 
ally fused kidneys, are predisposed to hydrone- 
phrosis and pyelonephritis, but not to other renal 
lesions. Pain is the most common symptom; many 
patients are entirely asymptomatic. 

Anomahes of the ureter include bifurcation, com- 
plete reduplication, and abnormal implantation in 
the bladder, as well as stricture at the ureteropelvic 
or ureterovesical junction. Habitual reSu-X from 
the bladder into the ureter during tlie act of voiding 
nvay initiate hydronephrosis and infection. Anom- 
alies of the vesical neck may underlie enuresis m 
children, which may sometimes be treated as a be- 
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patients with hypernephroma survive more than 10 
years 

PapiVarij neoplasms of the renal pelvis are often 
associated svith similar tumors of the ureter arrd 
bladder. Hematuria is the outstanding symptom. 
An association with calculi and infection is fre- 
quent. Carcinoma of the renal pelvis may appear 
dcccpli\ely benign, and failure to find infiltration 
at operation docs not ensure survival. The prog- 
nosis is worse than that willi hj-pemephroma. 

The most frequent sjmptom of /trmors of the 
bladder is painless hematuria. Dj'suria and fre- 
quency arc also common, especially with svrpcr- 
imposed infection. A small number of papillaiy 
bladder tumors arise from metaplasia of the epithe- 
lium of the bladder which follows long-standing 
c)stitis. Tlie incidence of bladder tumors is said to 
be increased in workers exposed to certain aniline 
dyes. 
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entrapped in a renal calyx and unassociatcd widi 
infection may be best left alone. Many stones pass 
spontaneously, but in tlie majority of instances 
special urologic and surgical procedures are even- 
tually required. Daily urine volume should be kept 
over 2,500 ml Speaal emphasis should be placra 
on drinking before retiring and once more during 
the night. Infection should be vigorously treated. 
Aluminum hydroxide or aluminum carbonate gel 
in amounts of 30 ml three or four limes dally has 
been advocated to reduce the intestinal absorption 
and urinary excretion of phosphate in indiriduals 
with calcium phosphate stones. 


SICKLE-CELL NEPHROPATHY 
Patients with sicldc-cell anemia often develop 
progressive changes in renal function as a result of 
multiple small ischemic and hemorrhagic infarcts 
in the kidney. In children the principal anatomic 
Gnding is congestion of blood vessels with sicklcd 
erythrocytes; In adults interstitial fibrosis and areas 
of cortical necrosis and hplinization may be seen. 
Frequently the changes resemble those of chronic 
glomerulonephritis. There is early impairment of 
renal concentrating ability, even when blood urea 
nitrogen, glomerular fiUration rate, and renal plasma 
flow are normal. This selective disturbance in renal 
function may be present in patients wnlh slcklc-cell 
trait as well as in the full-blown disease. It Is said 
to be temporarily rev'crsed in children by trans- 
fusion of normal blood, but this Is not the case in 
adults Gross and microscopic hematuria occur fre- 
quently; bleeding may come from lesions in the 
papillae and pelvic mucosa as well as miliary In- 
farctions m the cortex. Hypertension is not common. 
Despite the high incidence of at least minimal renal 
clranges, fhe sicUe-cefl tmit does not appear ft? 
predispose to toxemia of pregnancy. 


CinXURIA 

The chief cause of chyluna is fliariasis (p. 1223) 
w’ilh obstruction between the abdominal lyinpbatics 
and the tlioracic duct, producing lymph vanccs in 
the kidney which rupture into the renal tubules. 
The urine is milky and on standing settles into a 
top layer of fatty material, a middle pinkish byer. 
often containing a clot, and a bottom layer con- 
taining blood and debris. Hematuria is common, 
and pyelonephntis is almost universal. Microfibrias 
are usually found in the urine for about 6 weeks 
after an acute infection but not thereafter unless 
the patient is in an endemic area. The lymph and 
blood may coalesce into ureteral casts, causing Dank 
pain and renal colic. Cliyluria may disappear wifli 
recumbency and be aggravated by exertion. The 
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condition may be entirely suppressed in some cases 
wearing a tight abdominal corset. 

RADIATION NEPHRITIS 
Following the administration of large doses of 
x-ray (2,300 r during 5 weeks) to the kidneys in 
the course of therapy for .alxlominal carcinoma or 
lymph node mctastascs from testicular tumors, a 
characteristic syndrome may develop. The latent 
period between irradiation and tlic appearance of 
syrmptoms is usually' at least 6 months but may be 
much longer. Hypertension invariably appears and 
may lead to congestive heart failure, retinopatliy, 
and encephalopathy. Refractory anemia is often 
prominent. Uremt.'j is usually progressive, but in 
some cases renal insufBcicncy may be reversible, 
improvement commencing about 6 months after the 
onset of symptoms. Proteinuria is present but slight, 
hematuria is characteristically absent. Oliguria is 
never observed except with heart failure. The 
clinical disease may mimic either benign or malig- 
nant hypertension or chronic glomerulonephritis 
Histologic features include widespread fibrosis be- 
hvecn atrophic tubules, damage to almost all the 
glomcnili, and fibrinoid necrotic lesions of arte- 
rioles. 

MEDICAL ASPECTS OF RENAL TUMORS 
Malignant tumors of the kidney occur chiefly in 
childhood and after forty. The incidence is con- 
siderably higher in males. The common malignant 
tumor of children is Wilms's tumor, or embryonal 
adcnosarcoma, which constitutes 20 to 25 per cent 
of all malignant neoplasms of childhood and is 
observed before the age of seven in 90 per cent of 
cases. TJie tumor usually presents as a palpable 
abdominal mass and may grow to enormous sire 
It is the only renal neoplasm associated in a Wgh 
proportion of cases with hypertension. 

In adults hijperncphroma is die most commijn 
neoplasm of the kidney. The classic triad of hema- 
turia. flank pain, and abdominal mass is present in 
two-thirds of the cases, but not infrequently the 
first symptoms arise from metastases to lung, bone, 
Jiver, or brain. Obscure fever is a common present- 
ing symptom, even when evidence of infection is 
Licking. Serum alkaline phosphatase is frequently 
elevated, regardless of the presence or absence of 
bony metast.nses. In rare instances, polycythemia 
may be observetl, unaccompanied by leukocytosis, 
thrombocytosis, or splenomegaly. In such cases the 
polycythemia may be cured by removal of the 
tumor. Hypertension, if present, is coincidental and 
is not improved by nephrectomy. E.xtension of the 
tumor into the renal veins with subsequent venous 
thrombosis is not Infrequent. About one-quarter of 
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\vith cardiac enlargement, the planographic tech- 
nique may be required. 

Even more frequent are the unexpected radio- 
logic changes in the lungs. Large irregular shadows 
are often caused by the various pneumonias, by 
tuberculous and fungous infections, by tumors, 
and by numerous other disorders. Some of the 
more important causes of discrete localized lesions 
are listed in the following table. 

Simple Procedures. Acute bronchitis and acute 
pleuritis, the two most frequent disorders of the 
lower respiratory tract, cause no changes in the 


x-ray but are readily detected by the history and 
the physical e.’camination. Howe\’er, there arc many 
disorders of the pulmonary parenchyma which 
produce radiologic changes prior to physical signs. 
Therefore, an x-ray film of the chest is to be rou- 
tinely made in patients with pulmonary problems. 
\Vhen the dynamic functions of tlie thoriK and 
lungs are involved, as in patients with emphj’sema 
or with diaphragmatic paralysis, fluoroscopy is 
useful, provided the undesirability of excessive 
radiation is remembered. 

The total vital capacity is a valuable guide to 
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Section 4: The Respiratory System 


INTRODUCTION 
Ben V. Branscomh and 
T. R. Hcrrfjon 

The distortions of function responsible for the 
manifestations of pulmonary disorders have bem 
considered in a preceding section (p. 104). Here, 
we are concerned with the specific diseases which 
involve tlio respiratory system. 

Presenting Problems. Tbe patient ividi respira- 
tory disease may exhibit one or more of a number 
of problems. The most compelling of these Is sud- 
den severe dyspnea. Under such circumstances a 
quick tentative distinction must be made between 
acute failure of the left side of the heart and some 
pulmouacy disorder such as acute pr\eurs\othorax 
or asthma Only after immediate therapy has led to 
improvemerft rvill there be opportunity for more 
detailed study. When doubt exists it may be neces- 
sary to initiate procedures which are benefici.!] in 
both cardiac and pulmonary dyspnea (pp. 1383 
and 1573) . 

Another common situation is that of fever with 
progressive dyspnea. Here, the dilTerentiation of 
pneumonia from infarction and from other disorders 
will usually be apparent in young persons but may 
require extensive study in older individuals (p. 
891). 

The problem presented by the afebrile patient 
with slowly progressive e.xertionaI dyspnea is less 
urgent, and the recognition of pulmonary or cardiac 
disease as tlie cause will usually be achieved on 
the basis of llie office examination, supplemented 
by obsen-ation of tlie response to therapeutic meas- 
ures Shortness of breath at rest is likely to be 
more serious and, when not obxiously due to 


bronchial asthma or to emotional disturbance will 
commonly call for an initial period of hospit^ 
management. 

Even more frequent is the syndrome of cou^. 
with little or no dyspnea or fever but often aS* 
socialed with difficulty in producing sputum. Since 
the usual cause is acute bronchitis, with rcco>eO* 
in a short time, a \vatch*and«wait period of ambula* 
lory treatment is justified. Persistence of the symp’ 
toms should raise the question of tuberculosis Ct 
carcinoma and call for more complete invcstlg^* 
tion. 

Hemoptysis, unless minimal and obviously due 
to the strain of coughing, should be regarded ^ 
serious and as an indication for detailed study 


(p.l22). 

Vaikius combirvationx of these presenting sp’* 
dromes are often encountered. Only by tlie exercise 
of Sound judgment, based on a compreliension cj 
all the likely causes, will it be possible to avoid 
Uie error of overlooking grave disorders in 
earlier stages and the opposite mistake of subjecting 
eveiy patient with minor symptoms to unnecessarily 
elaborate and expensive investigation. 

Another common presenting problem is tliat C 
the patient who has minimal or no symptoms bii 
is found in the course of a routine x-ray of 
diest to display some unexpected change. This 
may involve either the lungs or some other thoracic 
structure. Thus notcliing of tlie ribs may fimash the 
first clue to coarctation of the aorta, while a cervicU 
rib may explain an otherwise mysterious pareJ* 
thesia of tlie arm. Similarly, the finding of a” 
unusual shape or of enlargement of the heart m^y 
be the initial guide to the presence of a curable 
congenital or acquired disorder. In order to 
the common error of confusing an apical fat pa“ 
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II. Physiologic 

A. Dbluibanccs of ventilation In most instances 

1. Restrictive there are various 

2. Obstructive combinab’ons of 

B. Disturbances of diflusion these physiologic 

C. Disturbances of perfusion disorders. 

III. Clinical classiGcation of chronic nonspodfic lung 
disease and of compIie.iting cor pulmonale 

A. Bronchial asthma (see Chap. 232) 

B. Bronchitis (including the milder type and tlic 
gr.ave variety associated with destruction of 
bronchioles, the latter being usually consequent 
to the former) 

C. Emphysema 

1. Relatively innocent varieties (including 
compensatory, senile blebs w-illmut general- 
ized obslnictJon, etc.) 

2. Generalized obstructive (essentially the 
same as adsanced chronic bronchitis xvidi 
broncliiol.ir destruction) 

D. Cor pulmonale in clironic nonspecific lungdis- 


1. Right ventricular hypertrophy xvitliout fail- 
ure 

2. Right ventricular hj'pcrtropliy with failure 


It should be noted lluat the tenn "generalized 
obstructive lung disease" includes both a reversible 
condition (bronchial asthma) and the largely ir- 
reversible disorder generalized obstructive emphy- 
sema, which with the associated bronchitis may be 
designated as "chronic diffuse nonspecific lung 
disease.” 

In the follow’ing presentation, the ctiologic clas- 
sification will be used for those disorders which 
fall into clearly defined categories. Hoxvever, the 
clinical and physiologic classifications will be em- 
ployed in the discussion o! chronic bronchitis, of 
emphysema, and of the large group of diseases 
which restrict ventilation and impair diffusion. 

Arrangement of Chapters. Acute disorders of the 
respiratory tract are usually of infectious nature, 
and most of them have been discussed in preceding 
chapters dealing with illness due to specific organ- 
isms. This section of the book is, therefore, con- 
cerned mainly with chronic diseases 

Because of the importance of chronic obstructive 
disease (bronchitis and emphysema), this is dis- 
cussed first. Then the restrictive and dififusional 
disorders are considered, followed by various spe- 
cific conditions. 

Those therapeutic procedures which are of 
limited scope and mainly applicable to a specific 
disease are considered with that disease. Those 
wliich have a wider application are placed in the 
last chapter, which deals with the more general 
treatment of pulmonary problems. 
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DISORDERS OF THE 
UPPER RESPIRATORY 
TRACT 


Ivan L. Bennett, Jr. 


This chapter summarizes some of the diseases 
that arc manifested in whole or in part by struc- 
tural alterations or dysfunction of the nose, naso- 
pliaryTuc, paranasal sinuses, and larynx. In the 
course of their normal function of warming, hu- 
midifying, and preliminary cleansing (by impinge- 
ment of inhaled particles upon the mucosa) of in- 
spired air, these passages are exposed to a multitude 
of irritants and infectious agents. Their lining mem- 
branes contain many mucous glands and deposits 
of lymphoid tissue; tlie vascular bed of the nasal 
mucosa is capable of such rapid and extensive 
alterations in response to local or systemic stimuli 
that it is often classified as an erectile tissue. En- 
gorgement, hypersecretion of mucus, and hyper- 
plasia of the adenoids and other lymphatic foci 
in response to irritation or infection can produce 
acute or chronic obstruction of the passages drain- 
ing the sinuses, conjunctivas, and middle ears. This 
leads to initiation or aggraration of bacterial in- 
fection in these areas. 

The annoying and distracting discomfort occa- 
sioned by interference with inspiration and speech, 
coupled with the frequency of viral and allergic 
disorders of this region, makes upper respiratory 
disease the most important transient disability that 
afflicts mankind. 


DISEASES OF THE NOSE 
AND NASOPHARYNX 

Ilatj fever, vasomotor Tliimtis, and complicahng 
nasal polyposis are discussed on p. 1259. 

Acute coryza and other forms of vnal rhinitis are 
discussed on p. 1116; the upper respiratory pro- 
drome of measles is discussed on p 1158. 

Among bacterial infections, the persistent rhinitis 
("Snuffles”) of congenital syphilis (p. 1076), nasal 
diphOieria (p. 987), and furunculosis of the nares 
(because of the complication of cavernous sinus 
thrombosis, p. 1048) are the more important. 

Clear, watery discharge characterizes cerebro- 
spinal rhinorrhea. Chronic, mucoid, occasionally 
blood-stained discharge is frequent in children 
with enlarged adenoids. 

l/nifateral purulent or sanguineous discharge sug- 
gests foreign body, diphtheria, or tumor. 

Fcrforation of the nasal septum results most 
commonly from habitual nose picking, but syphilis 
and occup.ational exposure to chromate are other 
causes to be considered. Many diseases, some of 



1510 


src. 4 

the presence of a reslricUve disorder, and one of 
ihe simple respiratory flow tests may be essential 
for the early recognition of an obstructK’e disorder. 
Only occasionally uill the more complex methods 
for study of respirator)' function be needed (p. 
107). 

The x-ray will often be of particular importance 
in detecting the presence of pulmonary disease; 
the sputum in determining its cause. The history 
will usually be the most accurate guide to its rate 
of progress. Treatment will depend on sound clini- 
cal judgment based on the total information sup- 
plied by these multiple methods of study 

The Systematic Approach to Therapy. In order to 
avoid neglect of important methods of treatment, 
the following problems must be considered In all 
patients with respiratory disorders. 

The importance of infection is to be evaluated. 
AntiliioUcs should usually be withheld when the 
esidence points toward an acute viral disorder, 
and their use in bactenal infections will depend in 
large measure on cultures and smears of the sputum. 

The role of bronchial obslruction should be con- 
sidered ns a likely factor in aggravating eitlier 
dyspnea of Infection. The relaltse significance of 
allergy, of mechanical blockage by thickened spu- 
tum, and of bronchospasm must be assessed. 

A search should be made for eNidencc of failure 
of ihe Tight ventricle in order that the ne^ for 
digitalis, ox}'gcn, or venesection may be deter- 
mined. 

In persons with chronic pulmonary disorders, 
the therapeutic plan xvill also depend on the extent 
to which there iS rcversihllittj of the functional 
impainnonl. This is always present in some meas- 
ure, but the degree varies markedly from one 
patient to another. 

Terminology and Classification. Hie important 
conceptual clarifications of the past few jears have 
been accompanied by confusion in nomenclature. 
Thus the term “emph) sema” is employed by some 
to mean any ovcrdistendcd lung; others rescr\-e 
il for tliat distention due to destruction of the xvalls 
of the respiratory bronchioles or alveoli. Some 
authors consider a change in shape of the thorax 
with increased anteroposterior diameter due to 
senile kj'phosis ns a variet)’ of emphysema; other 
writers insist that such a designation is unjustified 
unless there is also clear evidence of expiratory 
obstruction. There is no general agreement concern- 
ing the inclusion or exclusion of {he elderly person 
w ith a few radiologically demonstrable but asymp- 
tomatic bullae in the categor)' of cmpliysema. These 
differences in usage have led some of the students 
of pulmonary disease to believe that the wiwd 
“empb)^!*!^!” should be resen ed for the pathologist 
and that clinicians should utilize the more precise 
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(if more awkward) term "generalized obstructive 
lung dise-ise,” subdividing it according to its epi- 
sodic and reversible (broncliial asthma) or persist- 
ent and largely irreversible (clinically significant 
cmphj'scma) s'arieties. 

"Chronic bronchitis” is used by some to sig- 
nify a grave and progressive disorder, termiiunting 
in. respiratory or cardiac failure, and by others to 
indicate a minor nuisance, with cough and expec- 
toration in a vigorous individual. This is analogous 
to the use of the unqualified term “hypertension" 
to describe both the healthy person with minor 
elevation of systolic pressure and the patient with 
malignant nephrosclerosis. 

In the strictest sense “bronchiectasis” means 
dilated bronchi, and some apply this term to any 
patient vvith persistent abundant purulent sputum 
dependent on diffuse bronchial disease (cylindncal 
bronchiectasis). Other wnters decry the viord 
“bronchiectasis” for the disorder which they desig- 
nate as "chronic bronchitis,” and viould limit it to 
the localized saccular type which is somelunM 
amenable to surgical treatment. The evidence of 
the postmortem examination suggests that neither 
term {bronchitis nor diffuse bionchiectasts) is ideal 
because, although both conditions arc present, it 
is the destructive bronchiolitis which is responsible 
for the expiratory obstruction and the trapping of 
air which is the major cause of tho respiratory im- 
pairment. The distinction between the terms chronic 
bronchitis and bronchiectasis as they are employed 
in this book is discussed on p. 1551. 

The similar confusion which existed some decades 
ago In the field of heart disease was partially elimi- 
naled by a classification which look cognizance of 
cUologie, morphologic, and physiologic relation- 
ships. TTie following classification is based on a 
somcxvhat similar approach. It is not intended to 
be all-inclusive but is presented to illuslrale and 
clarify the chapters to follow. The third, or clinical, 
classification is applied only to those disorders 
which do not fit readily into the ctiologic division 

CLASSIFICATIO.N OF CIinOMC LUNC DISr.ASE 

I. Etiologic 

A. Congenital 

0. Specific infective agents 

C. Allergic 

D. Physical or chemical agents 

E. nbroHc and Infiltrative (eg, sarcoid, amyloid, 
collagen disease) 

F. Circulatory 

C. Neoplastic 

Hi Nonspecific, mired and unknown causes 

tile common varieties of chronic iTnmchitls and 
of einpliysema) (see III for subgroups) 





THE KESPIRATORY SYSTEM 

Sinusitis. In the vast majority of cases, acute 
sinusitis is a bacterial infection brought on by im- 
pairment of drainage by the boggy, engorged nasal 
mucosa of allergic or viral rhinitis. Occasionally, 
pressure changes of air travel may result in an 
“aerosinusitis” similar to "aerotitis media"; devia- 
tions of the nasal septum are contributory. 

The manifestations are local pain and tenderness, 
sometimes with edema of the overlying facial skin, 
headache, and fever. The headache is worse in the 
morning, when exudate has accumulated overnight, 
and tends to improve with upright posture and 
drainage during the day. If fluid has filled the 
frontal or maxillary sinuses, they cannot be trans- 
lUuminated. Treatment consists of analgesics, ap- 
propriate antibiotics, and, most important, the es- 
tablishment of adequate drainage. This last includes 
reduction of nasal s%velling by astringents such as 
Neo-s)ncphrine or ephedrine, antihistaminics in 
patients with allergy, and, frequently, aspiration or 
irrigation of the infected cavity by an otorhino- 
larjngologist. When coryza or allergic rhinitis runs 
its course, acute sinusitis usually clears up promptly. 

About 10 per cent of antral infections are sec- 
ondary to dental sepsis or result from fractures of 
the bony floor during dental extractions. 

Complications of acute sinusitis are statistically 
rare but may be serious. Frank suppuration and 
abscess may lead to osteomyelitis and spread of 
infection to the orbit (retrobulbar abscess, cavern- 
ous sinus thrombosis), the meninges (see pneumo- 
coccal meningitis, p. 892), and brain (via the di- 
ploic veins). Surgical drainage of frontal and 
ethmoid abscesses is sometimes an emergency pro- 
cedure. About 10 per cent of brain abscesses origi- 
nate from frontal sinusitis, and infection of the 
frontal or sphenoid sinus precedes almost every case 
of subdural empyema (p. 1046). A serious compli- 
cation of frontal suppuration is osteomyelitis of the 
skull, recognized by doughy edema of the forehead 
("Pott’s pufiy tumor") and rapid destruction of 
bone. 

With repeated episodes of acute infection, there 
may be thickening of the sinus mucosa, continual 
partial obstruction, and chronic inflammation that 
flares up with the stimulus of even slight obstruc- 
tion such as that which follows smoking, ingestion 
of spicy foods, the use of alcohol, or chilly, damp 
weather. Each acute episode becomes more diffi- 
cult to control, and tlie patient may be continuously 
miserable. Rigid control of exposure to allergens 
and extremes of temperature, correction of struc- 
tural defects such as deviated septum, and inten- 
sive treatment of acute exacerbations will some- 
times bring relief, but radical surgery to ensure 
free drainage is eventually necessary in many in- 
stances. 

Chronic sinusitis is especially common in pa- 
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tients with bronchiectasis (p. 1550), but a causal 
relationship bebveen lung and sinus disease has 
not been showm. 

Cerebral mucormycosis in patients with diabetic 
acidosis (p. 1063) usually originates as a sinusitis, 
invading the orbit and cranium secondanly. 

It is important to rcmembei that when a diag- 
nosis of “sinusitis” has been made radiologically, 
usually distinction between acute, chronic, or in- 
active disease is not automatically made at the 
same Hme; this is also true of x-ray diagnosis of 
mastoiditis. 

Finally, nasal s^vab cultures are neoer sterile. 
Choice of an antibiotic should be based upon the 
predominating pathogenic organism in cultures of 
exudate from the sinus; it is fruitless to change 
antimicrobial drugs as resistant organisms appear 
in the normal nasal flora of patients taking anti- 
biotics. 


DISEASES OF THE LARYNX 

The rivo most important manifestations of larym- 
geal disease are hoarseness and rcspiratorij obstruc- 
tion. Aphasia (p. 376) and aphonia do not signify 
a lesion of the larynx. Hoarseness that persists for 
more than 5 weeJes in an adult calls for intensive 
investigation, tumor, chronic infection (tuberculo- 
sis, mycosis), and vocal cord paralysis being the 
important possibilities. Respiratory obstruction by 
edema, exudate, foreign body, or bilateral cord 
paralysis is an acute emergency. 

Angioneurotic laryngeal edema is discussed on 
p. 1267. Among infectious agents, the diphtheria 
bacdlus (p. 984), Hemophilus influenzae (p, 934), 
the viral agents of croup and laryngotracheitis 
(Tables 180-1 and 180-2, p. lllS), Treponema 
pallidum (p. 1073), the tubercle bacillus (p. 1015), 
and fungi, especially monilia (p. 1062), are the 
ones most likely to attack the larynx. Laryngitis 
and hoarseness are not complications of strepto- 
coccal pharyngitis; their appearance in a patient 
widi sore throat indicates a viral etiology or com- 
plicating diphtheria (formerly a frequent occur- 
rence in streptococcal disease). 

Laryngeal papillomatosis is believed by many to 
be a viral disease. Multiple pedunculated growths 
on the cords, easily excised but recurrent, are seen 
exclusively in children. Respiratory obstruction is 
rare but has occurred. The disease recedes spon- 
taneously at puberty. 

Laryngeal acanthosis or hyperkeratosis (pachy- 
dermia lanjngis) causing hoarseness, may be a 
result of misuse of the voice, smoking, and prob- 
ably of alcoholism; it is not a precancerous lesion. 
Leukoplakia of the laiyrix has the same significance 
in terms of later development of cancer that it has 
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llicm unusual or exolic, are characterized ex« 
tensive destructive and deforming lesions of the 
nose and adjacent structures. These include leprosy 
(p. 1020), the gflngasa and ^oumhti lesions of yaws 
(p. 10S2), Uie cspiindia tj^ of American leish- 
maniasis {p. 1204), Soiilh American hlasfotnycosis 
(p. lOQT) , Icihal mldlinr granuloma (p. 1253), and 
^\'egener's granulomatosis (p. 1900). 

In rhinosclcroma, chronic obstruction of the 
nasal passages is produced by recurrent, indurated, 
nonulccrating, inflammatory nodules. Harcly, sinuses 
or the upper Irachc.! are involved also. The disorder 
occurs primarily in the Mediterranean countries. 
South Asia, Indonesia, and Latin America; most 
cases seen in the United States are in immigrants. 
Rhinosclcroma is probably an infection, caused by 
the Von Frisch bacillus, Klebsiella Tliinosclcromatls, 
which is alvvajs present in the lesions, but the diag- 
nosis is usually established hy the patliognomonie 
histologic finding of masses of at)’pical plasma cells 
interspersed With barge, foamy MiVohcz cells. 
Treatment is surgical C-xtision of the recurrent 
notlulcs. Untreated, the disease can lead to enor- 
mous nasal enlargement with flared narcs, the 
Ilchra nose, 

Rhinosporidiasls, caused by a ycaslliko organism, 
Wiinosporidium sccberl, is common m rn<lia and 
Cc)!on, sponadic cases occur in many oUu.’r areas. 
Soft, pinkish, sessile or pedunculated polj-ps appear 
on the nasal mucosa; sometimes the conjunctivas 
and, rarely, other mucosal surfaces are involved. 
Treatment is simple excision. 

R/iinophf/ma or Pfundnasc is a progressive, de- 
forming, nodular enlargement of the akte nasi due 
to li)pertrophy of sebaceous follicles in patients 
with chronic, severe ociic rosacea. Tlictc is no 
specific treatment, plastic repair may be necessary. 

Ozena is a severe chronic rhinitis ot unVnown 
cause characterized by thick, greenish discharge, 
mucosal crusts, turbinate atrophy, and an offensive 
odor. Patients eventually become anosmic. Even 
when the nasal passages are widened and resistance 
to airflow is decreased, obstruction is a constant 
complaint. Cultures grow griun-negative Iwcilll 
(Klchsiella, Pseudomonas, etc.). Treatment with 
local or sjstcmic antibiotiew and large doses of 
vasodilators (Priscolmc, nicotinic acid) will often 
reduce the discharge without halting the atrophy. 
Most important for these unfortunate patients, (he 
odor is lessened or eliminated in many insiflnccs. 

Mijcosh Icptollirica (so-called because infection 
b) Lcptothrlx was thought to be its cause) is a 
focal hyperkeratosis of the tonsils, pharjmx, and 
larym that occurs in young adults. The many small, 
white, raised patches over the nnicxJsa arc striking 
and ore often mistaken for cxiubtc; removal causes 
no bleeding. Patients are sometimes asymptomatic 
, but may comphiin of "stTalchy"’ throat. Tlierc is no 
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treatment; the lesions regress after months or years. 

P/wryngeoI btirritis, or Tomwaldt's disease, 5s 
bacterial inflammation of a small recess in the 
posterior nasopharyngeal wall which sometimes 
persists into adulthood. Obstruction of the neck of 
the pouch leads to infection and abscess formation- 
Treatment consists of antibiotics followed by surgi- 
cal excision of the bursa rather than simple 
drainage. 

Recurrent, profuse epistaxes occur with hyper- 
tensive vascular disease, familial telangiectasLi (p. 
1321), coagulation defects (p. 1318), and tumorS 

Basal cell carcinoma of the nares and septal iic- 
mangioma are relatively common. Carcinomas of 
the nasal mucosa are unusual; they occur in eldcrty 
individuals and are late to invade or metastasbe 

Ccrcinoma of the nosop/iarynx (so-callcd fymplio- 
epithelioma) occurs in young and midtIle-aged 
adults and is especially’ common among Chinese. 
These tumors metastasize very early. I^rge, can- 
cerous cervical lymph nodes often result from a 
primary lesion so small tliat it is found witli grc?t 
oifliculty. These tumors tend to occur near tlie ork 
flee of a eustachian tube, and the combination cl 
cervical adenopathy and ipsilateral ear pain or deaf' 
ness is a signal for careful examin-ition of tliP 
nasopharyra. These tumors are radiosensitive, and 
survival for several years with repeated courses cl 
therapy Is usual; complete cures are rare. 

Lymphoma and reticulum cell sarcoma are often 
first detected as nasopharyngeal masses. Isolated 
pfasmacytowia-t of the nasopharjTa arc found pa"* 
dominantly in elderly males, some of vvliom develop 
multiple myeloma (p. 1342). Two tumors of chil- 
dren deserve mention. A highly malignant and 
rapidly fatal lesion which tends to arise in the 
nasopharynx or soft palate is the sarcoma botryoidcs 
or embryonal fhabdomyosarcoma. Iricenilc ongiO' 
fibroma is a benign grow tli tliat occurs almost cS- 
chisively in young boys, arising from the base e* 
the sphenoid and filling tlie nasopharynx. Sometimes 
the tumor w-ili regress during puberty but excision 
is usually nccess.iry. These tumors bleed spontane- 
ously, and profuse hemorrhage is very likely to 
complicate surgical manipulation. 

DISEASES OF THE PARANASAL SLSUSES 

The mucosa of the ethmoid and maxillary' sinuses 
may become involved by the polyposis that occur* 
in patients with allergic rhinitis (p. 1259). WIu'^ 
primary tumors of the sinus mucosa arc rare, cn- 
croacliment by neoplasms arising in contiguous 
structures is common and easily visualized by x-ray- 
Osteoma of the frontal sinus is the most frequen 
lesion of tills type; neoplasms of the maxiUJ and 
mixed tumors of the salivary gland type arising if 
the paLilu invade tlic antrum. 
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by intermittent, reversible increases in ain.v’ay re- 
sistance due to excessiv’e mucous secretion and 
smooth muscle spasm and is associated with parox- 
ysmal shortness of breath and wheezing respira- 
tion. Obstruction to air flow may vaiy and improve 
spontaneously or with the use of faronchodilator 
drugs, including corticosteroids. Bronchial asthma 
is discussed on p. 1263 and the diflerential diagnosis 
of asthma and emphysema on p. 1521. 

Airway obstruch'on caused by excessive secre- 
tions as a result of infection is the other important 
cause of reversible airway obstrurtion. Varying 
degrees of reversible obstructive lung disease may 
coexist ^vith irreversible obstructive lung disease, 
chronic bronchitis, or both, and the amount may be 
accurately quantified by simple pulmonary function 
tests. 

Irreversible ohstnictive lung disease refers to 
irreversible generahzed narrowing of the bronchial 
tree and increased ainvay resistance which has 
persisted for more than X year, unaffected by 
treatment including bronchodilator drugs as w'ell 
as corticosteroids. The majority of such patients 
will be found to hai-e emphysema at postmortem 
examination. A few reveal only varying combina- 
tions of chronic bronchial asthma, chronic bronchi- 
tis, or tubular bronchiectasis. The British make a 
diagnosis of ‘'irreversible obstructive lung disease," 
appending “with emphysema” if the clinical picture 
warrants the an.itomic statement. 

The above definition and classification of chronic 
nonspecific lung disease was developed by Brirish 
authorities to supplant the irrational use of the 
terras chronic bronchitis, asthma, and emphysema. 
It is presented here because it stresses (1) the use 
of functional rather than anatomic diagnosis clin- 
ically and (2) the difficulties in the accurate diag- 
nosis of emphysema and the various combinations 
of bronchitis, reversible and irreversible obstruc- 
tive lung disease which may occur during life. 
In the discussion that follows, chronic bronchitis 
and obstructive emphysem.'i >vill be considered as 
such, as is the practice in the United States. 

CIIROMC BRONCHITIS 
Occurrence. Chronic bronchitis marks its onset 
usually between the ages of tliirty and sLxty years. 
There is a prepondciance in men of approximately 
4:1. In England there exists an inverse relationship 
between the social scale and the incidence of the 
disease — the laboring classes being the most com- 
monly afflicted, tile professional cKasscs least so. 
The death rate also rises steeply from rural to 
urban and highly industrialized areas, suggesting 
that atmospheric pollution phys an important 
role. It is possible that the disease is more common 
and more ses'cre in England than in the United 


States because of the damp, cold climate and degree 
of atmospheric pollution in England, both of which 
aggravate the symptoms. However, the only ejii- 
demiologic study carried out in the United Stales 
(Pemberton) indicated that the prevalence of un- 
complicated bronchitis was similar in the two 
countries. The presently available figures indicate 
greater disability and far higher mortality from 
the disease in England as compared with North 
America. In England it is the commonest cause 
of death and morbidity among all respirator)’ 
diseases, including pneumonia, tuberculosis, astlim. 1 , 
and lung cancer. 

Etiology. The disease may be insidious in onset, 
or it may follow a bout of acute pneumonia or 
bronchitis or well-established bronchial asthma. A 
possible etiologic relationship has been suggested 
for bronchiectasis and pulmonary tuberculosis be- 
cause of their frequent association with chronic 
bronchitis. In the United States the disease is as- 
sociated with a history of heavy cigarette smoking 
in more tlian 75 per cent of patients. Present evi- 
dence favors the theory that exposure to irritants 
(cigarette smoke, air pollutants) m the susceptible 
individual leads to chronic h)persecretion of mucus 
in the bronchial tree. 

Pathology. The most important lesion in chronic 
bronchitis is hjperplasia and hyperactivity of the 
mucus-secreting glands in the trachea and bronchi 
and of the goblet cells of the bronchial epithelium. 
The bronchial wall may show var)’ing degrees of 
chronic inflammation w-ith focal scars. Many older 
patients with a long history of chronic bronchitis 
will show, in addition, the changes of emphysema 
at postmortem examination, even though this m.ny 
not have been clinically manifest as breathlessness 
(associated with the symptoms of chronic bron- 
chitis) during life. 

Clinical Manifestations. The patient consults the 
physician because of (1) cough and expectom- 
tion, (2) an acute respiratory infection, (3) breath- 
lessness. which usually signifies the association or 
onset of complicating bronchospasm (asthma) or 
obstnicUv’e emphysema, or (4) fear of cancer. Tlic 
chronic producti\’e cough is usually attributed to 
cigarette smoking or is dated from childhood or an 
attack of influenza. The sputum is ropy, white, ami 
clasb'c and varies in amount from a few’ milliliters 
to several ounces daily. During superimposed infec- 
tions ("chest colds") cough and sputum increase 
and the secretions become yellow or )’eI]o\»'-grccn 
and occasionally bloodstrc.ikcd. The sjanploms 
arc worse in the winter, in the morning on awaken- 
ing, and at the end of the day; with chances in 
barometric pressure and humidity; on exposure to 
dusts, air pollution, and ci'carctte smoking: in 
crowds and after excessive talking and alcohol in- 
gestion. Severe paroxv’sms of eougliing may occur 
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elsewhere and calls for local excision. Il is impor- 
tant not to confuse acanthosis and Icnhopia^ia. 

Tlie so-called singers’ nodule or amyloid nodule 
is a lesion of the vocal cord that appears almost 
exclusir’ely in white males over the age of thir^ 
years who have strained or misused their voices. 
Treatment is excision; tire lesion does not recur. 
Incidentally, the lesion contains no amyloid. 

Carcinoma of the larynx is ten to twelve times 
more common in men than in women; the average 
age at which it appears is sixty years. Tumors aris- 
ing on the vocal cords are classified as “intrinsic” 
and constitute 70 per cent of the lesions, those 
extending beyond the cords are “extrinsic.” Hoarse- 
ness is an early symptom witli intrinsic cancer; it 
is often delayed in tlie extnnsic type. Treatment 
varies, but radiation alone is recommended only 
for small lesions of the middle third of the cord. 
Laryngeclomy is the treatment of choice for all 
other cancers; preoperative radiation and extensive 
removal of lymph nodes are used in many clinics. 

Among the many causes of partial or complete 
paralysis of the vocal cords are pressure by aortic 
aneurysm, mediastinal tumors, metastatic esopha- 
geal cancer, posldiphtheritic neuritis (p. 983), polio- 
myelitis (p. 1139), and operative trauma (especially 
thyroidectomy). If a nerve is cut at operation, there 
will bo sudden stridor; if stretching and edema are 
affecting the nerve, the onset of stridor and hoarse- 
ness wJ] be gradual. Bilateral injury may cause 
sudden obstruction, necessitating tracheostomy. 


CHRONIC BRONCHITIS 
A\)\J and emphysema (Chronic 
Nonspecific Lung Disease) 

John H. Knowles 

The problem of chronic nonspecific pulmonary 
disease, consisting mainly of chronic bronchitis 
and obstructive emphysema, has become the most 
important one in the field of pulmonary disease 
from all standpoints, including prei'alence, mor- 
bidity, mortality, and economic loss. Knosvledge of 
these conditions has been incomplete and uncer- 
tain for a number of reasons. A persistent cough 
has been accepted as a normal phenomenon in the 
cigarette smoker, and rarely Is the physician con- 
sulted for this complaint alone. Because of the 
length of time required for all the dire consequences 
o! chronic bronchitis to unfold and liecause it 
frequently accompanies a more dramatic illness, 
such as bronchogenic carcinoma, pneumonia, or 
peptic ulcer, it has been relegated to a position of 
socondar)’ importance by lay people as well as the 
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medical profession. Clinically, the differentiation 
of asthma, chronic bronchitis, and the various t)pes 
of emphysema (senile, “compensatory,” obslnictnc, 
for example) has been difficult because of confu- 
sion concerning the etiologic significance of the 
barrel chest, “smoker’s cough,” and wheezing res- 
piration (the patient compounds tliis felony by 
announcing that he has “asthma”), the inade- 
quacies of radiologic diagnosis in these conditions, 
and generally, the unqualified use of the word 
craphj'scma, to denote anything from the kjphotic 
chest deformity of old age to the hyperinflated 
chest of the child with acute bronchim asthma 

DEFINITIONS AND CLASSIFICATION 

Chronic (Ji0use nonspecific lung disease refers to 
a condition of chronic cough with sputum produc- 
tion with or without paroxysmal or persistent un- 
comfortable shortness of breath, which cannot he 
altnbulcd to localized lung disease, generalized 
pulmonary infection, granulomatous, fibrotie, or 
collagen disease of the lung, pneumoconiosis, pri- 
mary cardiovascular disease, disorders of the dicst 
wall, or ps)’choncurDsls, It may coexist with any of 
these conditions and not Infrequently does. In 
such instances tw’o diagnoses should be made. There 
ate two main categories of chronic diffuse non- 
specific lung disease: chronic bronchitis and gen- 
eralized obstructive lung disease. 

Chronic bronchitis has been arbitrarily separated 
from recurrent acute bronchitis in epidemiologic 
studies as “cough with production of sputum oc- 
currmg on most days for at least 3 months in the 
year during at least 2 years.” The sputum may 
be mucoid or purulent. Chronic bronchitis pre- 
disposes to recurrent respiratory infection, particu- 
larly during the winter months, and eventually ma)’ 
lead to dyspnea by virtue of a gradual Joss of venti- 
latory capacity due to the development of emphy- 
sema. The smoker's cough, when it conforms to 
the above description, is an example of chronic 
bronchitis. 

Generalized obsfnic/lcc fiing disease is a condi- 
tion characterized by increased airway resistance 
due to diffuse narrowing of the bronchial tree. 
This is the result of hj^iersccretion, smooth muscle 
spasm, a chcck-valve mechanism, bronchiolar fibro- 
sis, or all four of these factors. U is diagnosed sim- 
ply and with certainty by finding a reduction in 
the timed vital capacity (one second forced ex- 
piratory volume — F.E.V., ^ in British terminology) 
or maximal midexpiratoiy flow rate. The severity of 
d)'spnca depends on the degree of ohstnictlon. 

Generalized obstructive Jung disease is subdi- 
vided into reversible and irreversible forms. 

Reversible ohstnictlve lung disease is chieSy 
caused by bronchial asthma, whicii is characterized 
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pansion o£ lung (by virtue of negative intrapleural 
pressure) to fill the empty space created by re- 
moval or shrinkage of lung tissue. It has been called 
ON’erdistention or compensatory emphysema in the 
past. It is not possible to relate pulmonary dis- 
ability or insufficiency to this phenomenon, nor 
is tlierc any evidence that it leads to destructive or 
obstructive changes in the area involved, either 
pathologically or by pulmonary function test. Fol- 
loning pneumonectomy, for example, tlie remaining 
lung overdistends without the occurrence of dysp- 
nea or disability. 

Panacinar dilatation emphysema occurs distal 
to partial bronchial obstruction. Partial bronchial 
obstruction becomes complete with the irormal 
narrowing of the bronchus in expiration and air 
is trapped. Pulmonary function shows chiefly ob- 
struction to air flow, which is variable in amount 
depending on how early in expiration the obstruc- 
tion becomes complete. The main significance of 
this type of panacinar dilatation emphysema Is that 
its discovery as an area of increased radioluccncy 
In the lung fields by x-ray may be the first sign of 
bronchogenic carcinoma. 

Selective Distribution— Focal Emphysema. This 
is a disease of coal workers. Inhaled dust is de- 
posited around the respiratory bronchiole, eliciting 
fibrosis and atrophy of smooth musde. Coal- 
worker’s pneumoconiosis is the only knovm form 
of dilatation emphysema localized to the respiratory 
bronchiole, hence the term focal emphysema. There 
may be no symptoms and minimal or rto change in 
pulmonary function. In advanced cases, however, 
the clinical picture of obstructive emphysema may 
appear. The x-ray shows diffuse bilateral nodula- 
tions. The disease is described in greater detail on 
p. 1547. 

Aging Lung Emphysema. This third category of 
dOatation emphysema is added here with the pre- 
sumption that aging results in loss of elasticity of 
pulmonary tissue, leading to dilatation of air spaces. 
A change in the size of air spaces with advancing 
age has not been demonstrated pathologically as 
yet; however, changes in pulmonary function as a 
result of aging are well established. These clianges 
suggest a state of hyperinflation of the lung and 
mild obstructive emphysema. There is an increase 
in residual lung volume, decrease in maximal 
breathing capacity and mild increase in amray 
resistance, decrease in arterial oxyhemoglobin sat- 
uration, and mild maldistribution of inspired air. 
More air is contained in the aged than the youthful 
lung at the same intrapleural pressure, indicating 
loss of elasticity of the lung and presumably, 
therefore, ddatation of air spaces. No definite tymp- 
toms or disability can be attributed to these changes 
alone in the othenvise healthy elderly individual. 

The term “senile emphysema" has not been used 


above because it should be reserved to refer to 
changes in the thoracic cage with age and not to 
pulmonary changes. Loss of water and disorganiza- 
tion of the cartilaginous intervertebral disks result 
in a Itypbotic distortion of the thoracic spine, in 
turn resulting in rotation of the ribs so that the 
anterior chest is thro'vn out and up and assumes the 
barrel shape. Pulmonary function is unimpaired save 
for the minor changes expected as a consequence 
of normal aging (above), and dyspnea and dis- 
ability should not be attributed to this skeletal 
deformity atone. The aged individual, although 
slwjwing the functional changes described above, 
may or may not have an accompanying dorsal 
Ityphosis. 

Emphysenta Due to Desfructhn of the Walls 
of Air Spaces 

Unselective Distribution — Panacinar Destructive 
Emphysema. The word panacinar refers to uniform 
dOatation of all air passages distal to the terminal 
bronchiole. The lesions may be localized or svide- 
spread and vary in different parts of the lung. 

Selective Distribution— Centrilobular Destruc- 
tive Emphysema. This type of emphysema selec- 
tively affects the respiratory bronchiole, resulting 
in dilatation of air spaces in the proximal portion 
of the acinus, i.e., there exists a state of bronchfo- 
lectasis. Lesions may be local or widespread. 

Irregular Distribution— Irregular Emphysema, 
Irregular emphysema refers to the dilatation and 
destruction of air spaces seen adjacent to scars or 
in diffuse fibrotic disease such as the Hamman- 
Fich syndrome, As such it may occur anywhere 
in the acinus and hence the term "irregular." The 
word focal should not be used here as it refers 
specifically to dilatation of respiratory bronchioles 
assoewted with coal-worker’s pneumoconiosis. 

Panacinar and ccntrilohular destructive emphtj- 
sema may be seen singly or together in the same 
lung, and it is these pathologic forms which are 
demonstnited in subjects with obstnicb'v’e pul- 
monary emphysema (see below). They cannot as 
yet be differentiated clinically. Blebs and bullae 
can be seen in any tjqie of destructive emphysema, 
and therefore the tenn “bullous emphysema" should 
not be used to imply a special form of the disease. 

Obstructive Pulmonary Emphysema 

Obstructive pulmonary emphysema is a disease 
that affects predominantly men between the ages 
of forty-five and sixty-five years. It is usually pre- 
ceded by chronic bronchitis and is characterized 
by dyspnea on exertion, hyperinflation of the chest, 
irreversible obstruction to airflow, and destruction 
and dilatation of the walls of air spaces. 

Etiology. Because of the association of chronic 
bronchitis as a concomitant event or as one prc-.*_ 
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noctumally or on awakening in the morning. Post- 
nasal drip and symptoms suggestive of chronic 
sinusitis are frequent. Acute chest pain may be due 
to rib fracture incurred during severe coughing, to 
pleurisy associated with a complicating pneumonia, 
or to muscular strain around tlie lower costal mar- 
gins S)’ncope may occur during a sudden fit of 
coughing (tussive syncope, p. 306). Vigor is usu- 
ally well maintained, and there is no loss of appetite 
or weight. Dyspnea is not a feature of uncompli- 
cated clironic bronchitis. 

Physical c.xaminalion is remarkable for the lack 
of positive findings. The nose may contain crusted 
purulent material, and tlie nas-al and pharyngeal 
mucosa may be fiery red, raw, and dry appearing, 
and tlie uvula, slightly edematous. The patient 
clears his tliroal frequently, and deep breathing may 
result in a violent fit of coughing. The lungs may 
be clear, or there may bo scattered basilar rales and 
transient rhonchi, frequently clearing with cough. 
The heart is normal. There is no clubbing of the 
fingers. 

Qlood counts and radiologic examination of the 
chest and paranasal sinuses are usually completely 
normal. Culture of sputum may yield pathogenic 
organisms, most commonly tlie pneumococcus or 
Hemophilus infiucnuc. Staphylococcus aureus and 
gram-negative organisms are found occasionally, 
and tlie hemolytic streptococcus is remarkable for 
its rarity. Pulmonary function may be completely 
normal, or there may be slight reduction in timed 
vital capacity (60 to 75 per cent in the first second 
as compared with greater than 80 per cent nor- 
mally) or maximal mldexpiratory Dow rate (c.g., 
15 to 2 0 liters per sec as compared with greater 
than 3 liters per sec normally) and maximal breath- 
ing capacity (55 to 70 liters per min in contrast 
to liters per min or more, normally). 

Bronchoscopy and bronchography may be neces- 
sary to rule out other causes of chronic cough such 
as tumor, bronchiectasis, and foreign body. At 
bronchoscopy, the tracheobronchial mucosa is usu- 
ally hypcrcmic and redundant Bronchography may 
show diverticula on the inferior surface of the main 
stem and primary segmental bronchi which rep- 
resent the filling of the dilated ducts of mucous 
glands. Beading of the bronchial lumen may be 
observ'ed because of excessive mucus, or there may 
be an accordion-like appearance due to shortening 
of the bronchus with heaping up of redundant 
mucosa Failure of peripheral filling and dilated 
bronchioles presenting as peripheral “pools” of dye 
may be seen in long-standing cases and probably 
indicate coexistent emphysema Occasionally an 
area of tubular bronchiectasis is found. The dif- 
ferentiating features of bronchitis and bronchiecta- 
sis arc discussed on p. J551. The tliseases may co- 
^ exist, and some observers believe that local bron- 
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cbiectasis may lead to diffuse chronic bronchitis 
elsewliere in the lung. There is, however, no evi- 
dence that bronchitis has been ciucd by resection 
of localized bronchiectasis. 

The course of chronic bronchitis is not complete^’ 
knovvai as there have been no studies of its naturd 
history spanning more than several years It secios 
clear, however, that subjects with chronic bronchitis 
often continue to have their symptoms for many 
years witliout further complication and die of some 
totally unrelated disease. Others suffer repeated 
respirator)’ tract infections and develop paroxysmal, 
reversible obstructive pulmonary disease (broncliial 
astlima). In this group as well as in a number of 
patients who remain noninfected and produce 
minimal sputum (“diy” bronchitis), there ari^c 
a certain number who ultimately develop obstra^ 
tivc emphysema. 

EMPHYSEMA 

The term emphysema is derived from tlie Crei’h 
and means to blow into or inflate. Suhcuianceus 
emphysema occurs wJtli soft tissue infection with 
gas-forming organisms such as colon and Welch 
bacilli. It is ako seen in the area of the incision 
following thoracotomy or w’Uh dissection of 
from mediastinal emphysema. Jnlerslilial emphy- 
sema refers to the escape of air from alveoli into 
the interstices of the Jung where it dissects alon? 
vascular sheaths into the mediastinum to ^ve rise 
to medtastlnol emphysema, which, in turn, can abo 
result from perforation of the tliorade esophagus 
Scnfte emphysema refers not to a primary disease 
of the lungs but to a degenerative disease of the 
thoracic spine occurring in elderly individuals (see 
below) , 

Pvlmonanj emphysema is characterized patho- 
logically by increase in the size of the air passages 
distal to terminal bronchioles due to dilatation or 
deslructhn of their walls Further subdivasion in* 
dudes the factor of distribution, e.g , selective 0® 
occurs in the focal emphysema due to dust versus 
unscfect/ce as with the dilatation of air spaces seen 
In pulmonary tissue adjacent to a resected areo 
("compensatory emphysema”). The classification 
adheres to the recommendations of the Ciba Guest 
Symposium and is slightly modified. 

Emphtjsema Due to Dilatation Alone 

Unselectivc Distribution — Panacinar Dilatation 
Emphysema. There are two main conditions in th'‘’ 
category: (1) compensatory or overdistention em* 
physema and (2) emphysema secondary to partif 
bronchial obstruction as with foreign body 0 ^ 
bronchogenic cardnoma The term panacinar means 
fliat all the air spaces distal to tlie terminal bron- 
chiole are affected. 

Panacinar dilatation emphysema results from ei- 
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Clinical Manifestations. The typical patient gives 
a history of chronic brondiitis. Frequent respiratory 
infections ha% e occurred, usually during the \vinler 
months, characterized by febrile episodes with 
increase in purulent sputum. Finally, at some point 
after years of bronchitic symptoms, breathlessness 
on exertion makes its appearance. Early in the 
course, dyspnea may occur only during the winter 
months \vith exacerbations of infection and is due 
to partially reversible ventilatory defects, i.e., bron- 
chospasm and e.xcessive secretions. Later, dyspnea 
on e.xertion becomes firmly established, persists 
the year around, and signifies the development of 
irreversible obstructive ventilatory defect. Of all 
the clinical clues, persistent breathlessness is the 
most reliable sign on which to establish a presump- 
tive diagnosis of obstructive emphysema. The 
clinical diagnosis cannot be made in Us absence 
even though many patients 'vith chronic brondiitis 
and no dyspnea may be found at postmortem ex- 
amination to have mild emphysema. 

Tlie onset may be acute, and breathlessness is 
dated from an episode of pneumonia or severe, 
acute bronchitis. In some subjects, this is the easily 
remembered episode in what really is a long history 
of slowly progressive bronchitis. In other paUents, 
breathlessness and cough have been, accepted as 
concomitants of "getting old” or of smoking. The 
disease may come to the physician’s attention in a 
number of ways: (1) by the development of acute 
respiratory fafiure with acute bronchitis or pneu- 
monia, or during the postoperative period follow- 
jng intubat'on, atropine, and morphine — when the 
retrospective history of chronic cough and dyspnea 
is finally obtained and its significance fully ap- 
preciated; (2) by the development of bronchogenic 
carcinoma; (3) by the development of inguinal 
hernia because of chronic cough; and (4) because 
of the occurrence of the symptoms or complications 
of peptic ulcer (see below) , The disease may be so 
insidious in development that the diagnosis is not 
established until post-mortal examination. 

Other complaints are frequent. Because of limi- 
tation of activity the patient may gain xvdght ini- 
tially, but later anorexia leads to loss of weight. 
Vigor is lost, and sleep is difficult. As the disease 
becomes more severe, changes in the arterial blood 
gases occur and cor pulmonale devcltqis. 

Physical signs may scarcely be more notable in 
the early phase of the disease than those seen in 
the patient with uncomplicated chronic bronchitis. 
In the moderately ill patient who exhibits no altera- 
tion in the blood gases at rest, the following si^s 
are likely to be noted. The patient appears dysp- 
neic witli exertion. The fingers may be taluicOT 
stained, but are usually not clubbed. The eyes arc 
prominent. The neck veins distend on eTpiration. 


The chest is fixed in the hyperinflated, inspiratory 
posiHon, and the flesh about the neck and supra- 
clavicular spaces is sunken. The accessory muscles 
of respiration, particularly the stemomastoids, are 
large and active during inspiration, and the trachea 
descends markedly on maximal inspiration. Lower 
rib margins may flare outward, and the subcostal 
angle is wide. There is frequently a dorsal kyphosis. 
Prominent cutaneous venules are seen antenoriy 
and laterally around the lower costal margins. 
During inspiration, the chest moves en hloc instead 
of “unfolding” from below upw'ard during expan- 
sion. Expiration is prolonged. Cardiac and hepatic 
dullness are impaired or even absent, and heart 
sounds are distant. The pulmonary second sound 
is prominent and may be spht, particularly on ex- 
piration. The percussion note of the chest is hyper- 
resonant, and the diaphragms are low with minimal 
or absent excursion. The breath sounds are distant 
or even absent and when heard have a more bron- 
chovesicular than vesicular quality. Occasional early 
insplratoiy (“opening”) rales are heard at the 
bases. Expiratory wheezing during spontaneous 
respiration is heard only if excessive secretion or 
bronchospasm is present. The impulse of the heart 
is prominent in the epigastrium, and the sounds 
are best heard here. The Ii\er is displaced down- 
ward, and the edge easily palpable. The abdominal 
muscles are lax. A decline in arterial pressure dur- 
ing inspiration may be observed, but the veins 
continue to display inspiratory collapse. Thus the 
complete picture of the paradoxic pulse (see p. 
1468) is lacking 

Roentgenography is of little help in diagnosis 
until the disease is advanced, at which time the 
foUorving picture is seen. The thoracic cage is 
large with low diaphragms, an apparent horizontal 
position of the ribs, and wide intercostal spaces. 
Prominent soft tissue shadows may indicate hyper- 
trophy of the pectotalis muscles. The heart lies 
vertically and appears small. The mediastinal 
shadow is elongated. The hilar vascular shadows 
may be prominent, but the peripheral vessels arc 
small and appear reduced in number. Thin-vvallcd 
areas of transluccncy in vvliich no vascular shadows 
can be seen represent blebs and bullae and arc seen 
commonly at the apices and bases of the lungs. 
Nodular or linear areas of scarring and fibrosis may 
be seen, but generally the lung fields arc notable 
for their radiolucency. In the lateral projection, an 
increase in size of the thoracic cage and a dorsal 
kyphosis are present. The retrosternal and retro- 
caidiac air spaces are increased. Fluoroscopy is 
vital to the diagnosis, and the best radiologic sign 
is reduction in the excursion of the diaphragm. 
Air trapping js demonstrated on rapid expiration 
by anas of loral radiolucency. Tomography 
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ceding the onset of etcrlional dyspnea in oxw 70 
per cent of patients, most obsen’ers have favored 
this disease as Uie inciting factor. The cause of 
chronic bronchitis is unknown, hut because of the 
high association of cigarette smoking with bron- 
chitis and emphysema, an etlologic role has been 
assigned to cigarettes. This may be so, just as the 
cold damp weather and a dusty vvorking or pd- 
lulcd urban environment may also lead to hyper- 
secretion of mucus in the bronchial tree and ulti- 
mately obstructive emphysema. In short, the ctio- 
logic factors of chronic bronchitis apply equally 
well to patients with obstructive emphysema. Dysp- 
nea in tlie patient with chronic bronchitis usitilly 
signifies cither reversible bronchial narrowing due 
to secretions or bronchospasm or irreversible ob- 
struction to airflow due to the development of 
destructive emphysema. It may well be that die 
development of obstructive emphysema results 
from gradual extension of chronic bronchitis into 
the bronchioles, perhaps accelerated by repealed 
bouts of secondary bacterial infection. In some 
this sequence of events is obvious, but In others 
it must be assumed that the process is subclinical 
nncl smolders over a period of many years. Oli- 
struclive emph>sem.a is due partly to the destruc- 
tive effects of chronic bronchiolitis per $e and 
partly to the distending effect of air trapped distal 
to the obstructing lesions The theory that a pri- 
mary degeneration of pulmonary clastic tissue ini- 
tiates the disease has been abandoned. 

The ctiologic Tfllc of bronchial asthma remains 
obscure, but the few caicful studies reported indi- 
cate that it rarely progresses to obstructive emphy- 
sema Part of the confusion on this point has arisen 
from the difficulties of differentiating obstructive 
cmplwscma with attacks of bronchospasm from 
bronchial asthma (see below). 

Several investigators have pictured empbj’scma 
as an abnormal acceleration of the aging process 
because of the functional changes resembling a 
mild state of emphysema seen regularly in most 
elderly individuals (above). 

The finding of high concentrations of sodium 
and chloride m the sweat of a few patients with 
obstructive emphysema, similar to the abnormal 
pattern demonstrated in childhood fibrotq'stic dis- 
ease of the p.mcreas (see p. 1C66), has led to the 
suggestion that secretion of abnormally viscid 
mucus In the bronchial tree with resultant obstruc- 
tion and infection of the bronchioles might explain 
the pathogenesis of some instances of emphysema. 

Rcg-irdlcss of one’s opinion concerning the role 
of smoking m dironic bronchitis, there remain 
approximately 10 per cent of patients who deny 
chronic productive cough (“dry’ emphysema’*) ond 
perhaps 20 per cent who have never stnoketL In 
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some a family history of chronic bronchitis is 
obtained, in others, repeated bouts of pneumonia. 
In some individuals, preexisting localized bron- 
chiectasis or long-standing pulmonary tuberculosis 
seems to have been complicated by slow’ supenm- 
position of diffuse, chronic bronchitis and obstruc- 
tive emphysema. 

Because of the many and diverse associated 
conditions and possible etiologic factors, it is im- 
portant at the present time to consider obstructive 
emphysema to be a syndrome as wcU as a disease. 
In addition to the above conditions, a number cf 
known disease processes can produce or be as- 
sociated with a picture which is clinically and 
phy'siologically’ indistinguishable from the “idio- 
palhic" disease. These include silicosis, coal-worker’s 
pneumoconiosis, sarcoidosis, branchogenically dis- 
seminated tuberculosis, and some cases of kyplio- 
scoliosis. In these instances localization of tlie dis- 
ease process at the level of the respiratory bron- 
chiole or associated chronic bronchitis gives rise 
to clironic irreversible obstruction of air flow and 
the picture of obstructive emphysema. All these 
conditions must be considered in diagnosis when 
the patient with apparent chronic bronchitis and 
obstructive emphysema is seen. 

Pathology. Classically the lungs are large and do 
not collapse when the thora.x Is opened. Blebs 
(subpicural air collections) and bullae (paren- 
chymal empliysematous spaces w-ith a diameter 
greater than 1 cm) may bo noted, as well as gen- 
eralized dilatation of air spaces. Nodular areas of 
scarring and fibrosis may be visible subpleurally. 
If the lung is fixed under a constant head of dis- 
tending pressure, centnlobuJar or panacioar types 
of emphysema may be distinguished in nearly rqu.il 
frequency. Microscopic.'ilJy tJiere are seen chronic 
bronchiolitis and peribronchiolitis, ulceration of 
the epithelium, intraluminal granulation tissue, and 
fibrosis Smooth muscle may be hypertrophied. The 
lumen cf the bronchiole supplying areas of em- 
physema is often narrow’cd but may be normal or 
even dilated. The distal alveoli arc obliterated and 
larger air spaces formed, presumably fay confluena* 
of alveoli and increased by air trapping due cither 
to chcck-valve meclianism or colkitcral ventilation 
Loss or degeneration of alveolar el.istic tissue b 
seen The number of visible capillaries is reduce*! 
because of dcstniction of alveolar walls. Foci of 
intrabrnnchiole mucus ("mucous plugging”) and 
pus are seen as are occasional are.is of pneumonia 
Besides reduction in capillary bed, there may 
marked enlargement of the bronchial venous sys- 
tem. The evidence is not convincing that the bron- 
chial arterial system is diseased. Obstructive erW- 
pliysema is the commonest cause of cor pulmonale 
(see p. 1537). 
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out demonstrating obstruction to air Sow. Persist- 
ent dyspnea on exertion and depression of breath 
sounds are the cardinal features. Restriction of 
diaphragmatic motion correlates best with the 
severity of the process. The Ending of radiolucency 
and a large chest does not in itself eslaUish the 
diagnosis. 

Once the diagnosis has been established, the 
degree of reversibility or irreversibility must be 
determined by measuring the timed vital capacity 
before and after the use of a suitable broncbodila- 
tor such as aerosolized isoproterenol hydrochloride. 
In occasional patients with chronic intrinsic bron- 
chial asthma, intensive treatment with corticos- 
teroids may be necessary to achieve maximal re- 
versal of obstructive ventilatory defect. 

If the patient has bronchial asthma, certain 
features may suggest this diagnosis, namely, family 
history of allergic disease, lack of smoking because 
of aggravation of asthmatic symptoms, positive skin 
tests, peripheral blood eosinophilia and, most im- 
portant, intermittency of symptoms and spontane- 
ous reversibility to normal or near normal of ab- 
normal pulmonary function or %vith the use of 
bronchodilators, including corticosteroids. The pul- 
monary diffusing capacity is normal in uncompli- 
cated asthma and reduced in obstructive emphy- 
sema; thus differentiation is passible. The differen- 
tiation of emphysema and pulmonary congestion 
due to heart disease is discussed on p. 13S0. 

The treatment of chronic nonspecific pulmonaiy 
disease (bronchitis and emphysema) and of respi- 
ratory failure is discussed on p. 1573. 
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C)fy\ RESTIUCUVE PULMONARY 
AVI DISEASES AND DISORDERS 
OF PULAIONARY 
DIFFUSION 

Eugene Robin 
RESTRICTIVE DISEASES 
Restrictive pulmonaiy diseases aie characterized 
by a si^ificant decrease in the expansibility of the 
lungs. Restrictive factors are important in many 
different kinds of pulmonary disease. This section 
wall be desoted to a discussion of disorders in 
which a restrictive ventilatory defect is the major 
abnormality. The physiologic abnormaliUes char- 
acterizing such disorders are a reduction in all lung 
V'otumes without er’idence of airflow obstruction or 
of abnormality in intrapulmonary gas mixing. 

A major consequence of restrictive pulmonary 
disease may be the development of alveolar hjpo- 
ventJation, the manifestations of which frequently 
dominate the cL’nical picture. Alveolar hypoventi- 
lation has already been discussed (p. 109). It ex- 
ists when al\’eolar ventilation is insufficient to main- 
tain normal alveolar gas tensions. It is therefore 
characterized by a low mean alveolar O 2 tension 
and a high alveolar CO 2 tension, resulting in cor- 
responding abnormalities of pulmonary capillary 
blood, arterial blood, and ultimately of tissue gas 
tensions. Since the adequacy of gas exchange is 
based on measurements of arterial blood gases, the 
cornerstone of alveolar hypoventilation Is an elc- 
A'ated arterial CO 3 tension (Pccoj)* 

The physiologic and clinical consequences of al- 
veolar hypoventilation are related to the associated 
hv'po'da and hypercapnia. With hypoxemia of suffi- 
cient magnitude cyanosis is apparent. Hypoxic 
stimulation of the bone mairosv produces polycy- 
themia. The presence of hypoxia and hypercapnia 
may produce an increase of cerebrospinal fiuid 
pressure with or without papilledema by imknomi 
mechanisms. Chronic hypercapnia leads to bicar- 
bonate retention by the kidney, resulting in an in- 
creased concentration of this anion in extracellular 
fluid. Chronic hypercapnia likewise leads to a de- 
pression of respiratory center sensitivity to the nor- 
mal stimuli of CO 3 and pH, thus accentuating the 
degree of alveolar hypoventilation. Penodic breath- 
ing of the Cheyne-Stokes variety is common and 
LIrowise reflects respiratory center depression. Die 
combination of hypoxia and hypercapnia may lead 
to mental symptoms. Prominent among these is 
somnolence, which may constitute the patient's 
chief complaint. There is no clear-cut relationship 
betweei the degree of hypercapnia and the degree 
of somnolence. There may be marked hypercapni.i 
without somnolence or somnolence with only minor 
degrees of hypercapnia. With acute rises in CO-, 
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occasionally be helpful in delineating vascular 
changes such as prominent hilar vessels, small and 
fcss'er peripheral vessels, or absence of v^ssek in 
bullous lesions. 

Blood counts and urinalysis are normal. The 
electrocardiogram is normal in uncomplicated cases; 
it may re\-eal a loss of the usual tendency to left 
a-tis de%ialion seen in older mdhiduals. The sputum 
has been described. Sputum cell counts usually 
re\eal lj-mphoc) 1 es or pol)Tnorphonucle 3 r leuko- 
cytes, but occasionally eosinophiles are numerous 
(see below). The results and use of pulmonaiy 
functson tests are described below. 

Pathophysiology. Obstruction to air flow as a re- 
sult of granulating and fibrosing bronchiolitis and 
expiratory’ closure of loosely supported respiratory 
bronchioles, coupled with degeneration of elastic 
tissue, result m hj’perinflation of the lung. This is 
demonstrated by findmg an increase in functional 
residual capacity’, residual volume, and residual 
volame to total lung capacity ratio. The yvorlc of 
brcatliing is increas^ b«ause of increased atryvay 
resistance. Timed yital capacitj’, maximal tnid- 
explratoiy flow rate, and maximal breathing capac- 
iti’ ere reduced in proportion to the degree of 
obstruction and therefore correlate yvell yvith the 
severit)’ of dyspnea. If a partially reyersible y’entila- 
toiy defect edsts because of acute infection or 
bronchospaxm, these tests will indicate improv’cmcnt 
«ith eBectlve therapy. Obstructing lesions vary 
throughout the lung, and therefore abnormalities 
of distnbutJon are seen, including maldistribution 
of inspired air, venous admixture, and dead space 
effects (p. 112). Areas perfused yvith blood but 
poorly ventilated cause increased y^nous admixture 
of arterial blood (“phj-siological shunting"); other 
areas, including bullous lesions, arc >cntilaled but 
not perfused, leading to dead space eflect Cardiac 
work is wasted in the first situation and ventdatoij' 
work in the second instance. Both pumps have to 
increase their work to compensate. Increascrl 
\cntilation of well-perfused areas can compensate 
for the shunted carbon dioxide and maintain a 
normal COj tension of arterial blood. It cannot 
add appreciable amounts of ox)’gen to the blood, 
however, to compensate for hy'poxemia (p. 111 ). 
This is due to the difference In the shapes of the 
CO 2 and 0 _. dissociation curves and explains tlie 
sequence of changes in arterial blood gases, begin- 
ning first sWlb mild arterial oxygen unsaturation 
and normal COj contents and tension. As the dis- 
ease becomes more severe, h)’paxemia increases, 
and finally alveolar hj-poventilation results in CO 3 
retention, yrith respiratory’ acidosis. Earlier in the 
disease, the increased requirements of gas exchange 
necessitated bj’ exercise may result in iinsatiiraKon 
of blood, normally saturated at rest 
■- As the disease progresses and continued destrue* 
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lion of pulmonary capiUary bed occurs, the pul- 
monary diffusing capacitj’ falls and the pulmonary 
vascular resistance rises. Hj’poxemia stimulates 
erjthropoiesis and causes secondary poivcj’themia 
It also leads to pulmonary vasoconstriction and an 
increase in arterial resistance. The work of the 
right heart is increased and cor pulmonale ulri- 
matcly ensues, signifjing the final and most ad- 
vance stage of tlie illness (p. 1537). 

Course of the Disease. The course of tlie disrase 
is extremely v’ariable, and prognostication is dif- 
ficult. At any time, superimposed pulmonary in- 
fection causes an increase in the severity of the 
disease due to further reduction in functioning lung 
tissue because of consolidation, secretions, or bron- 
chospasm. The course maj’ be a rapidly maLgnanl 
one with death in respiratory failure in a matter of 
sexcral j’cars, or the duration from onset of dj’spnea 
maj' be as much as 20 or 30 years with death dut' 
to intercuirent disease. The occurrence of hjpote- 
mia and hypercapnia or the development of cof 
pulmonale are bad prognostic signs, and death 
usually occurs yvithin several years of their onset- 
Mild hypoxemia by itself does not cany such s 
dire prognosis. 

Respiratory failure is said to have occurred when 
the lung can no longer provide for normal ga# 
exchange and CO 2 retention and arterial oxj’gert 
unraturalion are the result As hypoxemia super- 
vencs further weight loss may occur, and when COj 
retention follows, headache, difficulty in concentrat* 
mg, drowsiness, and confusion are common find- 
ings. In the presence of cor pulmonale with right 
heart failure, papilledema may be seen. TlicrC 
maj’ also be a curious inabihtj' to sustain a posture 
(astcrixis, "flapping tremor") identical vrith that 
observed in hepatic insuSiciencj’ or uremia. Hu? 
is particularly common in acute respiratory failure 
Respiratory failure may occur insidiously vnthout 
obvious precipitating event but commonly occurs 
because of acute respiratory infection, administra- 
tion of sedative, narcotic, or anesthetic agents, or 
heart failure. Administration of oxygen is absolutely 
necessary but may be hazardous (see p. 1573). 

The association of peptic ulcer and emphj’serna 
appears to be more than fortuitous. About 20 per 
cent of patients with emphysema have a peptic 
ulcer, usually duodenal in location, and the inci- 
dence of emphyserru is two to three times as com- 
mon in patients vrith peptic ulcer as in the normal 
population. Whether common psychic factors, cig- 
arette smoking, or hypoxia are important etiologic 
factors is unknown, but it is important to keep the 
relationship in mind. 

Diagnosis. Obstructive pulmon.irj’ emphysema is 
misdiagnosed frequently. Phjsical signs, except m 
advanced rases, are notoriouslv' misleading and 
unreliable. Tlie diagnosis should not be made w-itli- 
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related to the decreased sensitivity of the medullary 
respiratory center to the C02'pH stimulus follow- 
ing prolonged hypercapnia. This factor can be dem- 
onsUated by chronically exposing normal subjects 
to increased concentrations of CO2 in the inspired 
air. After a period of several weeks under these 
conditions, there is a decrease in the ventilatory 
response to COo, even in the absence of obstruc- 
tion. 

The relative importance of mechanical and 
chemical factors in the genesis of CO2 insensiHvitj' 
in obstructive emphysema is not clear. However, 
it seems certain that chemical factors play an im- 
portant role in some patients. This is best seen in 
the syndrome called “carbon dioxide narcosis,” 
which occurs in patients with chronic hypercapnia 
and hypoxia. M’hen the degree of hypoxia is de- 
creased by tbe administration of high concentra- 
tions of oxygen, and without any change in respira- 
tory mechanics, there follows the development of 
confusion, coma, and profound hypoventilation, oc- 
casionally to the point of apnea. The chemical con- 
trol of breathing depends no longer on the COj-pH 
stimulus but on tlie stimulus of hypoxemia acting 
through the peripheral chemoreceptors When hy- 
poxemia is relieved, the stimulus for ventilation 
decreases and hypoventilation is accentuated. 

The term carbon dio.xide narcosis, frequently 
used to describe tbe above sequence of events, is 
misleading. No direct relationship exists behveen 
the absolute level of arterial COj tension and either 
the cerebral symptoms or the hypoventilation. Se- 
vere hypoventilation may occur following oxygen 
administration to patients free of pulmonary dis- 
ease with only modest initial elevations of CO2 
tension induced by narcotics. Also, some patients 
with marked elevations of CO2 tension may show 
little or no central nervous system malfunction. Tbe 
exact role of CO2 in the pathogenesis of the syn- 
drome remains to be elucidated 

Therapy of carbon dioxide narcosis should in- 
clude measures which improve both the blood gas 
abnormalities and the mechanical abnormalities. 
Although oxygen administration in hypercapneic 
patients should be undertaken svith great care, the 
question confronting the physician is not whether 
oxygen therapy is advisable but how to gwe oxygen 
without incurring additional h)povenlilation Rdief 
of hypoxia must be a cardinal objective. If oxygen 
administration results in severe hypoventilation, 
assisted breathing is indicated. Bioncbodilators, 
sputum liquefaction and removal, and the other 
measures designed to reheve pulmonary obstruc- 
tion (p. 1573) are mandatory. 

Abnormalities of neural or neuromuscular trans- 
mission to the respiratory muscles may result in 
paresis or paralysis leading to alieolar hypoventi- 
lation. Amyotrophic lateral sclerosis is an example 
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of an upper motor neuron lesion which may' pro- 
duce lespiiatoiy insufficiency. Direct involvement 
of die anterior horn cells by poliomy'elitis virus 
represents a lower motor neuron lesion which pro- 
duces respiratory insufficiency. Infectious neuronitis 
(Cuillain-Barre syndrome) produces flaccid paraly- 
sis by means of an inflammatory reaction invoKing 
ganglion cells and peripheral nerx’es. Myasthenia 
gravis produces respiratory failure by abnormalities 
involving tbe myoneural junction. 

Direct involvement of respiratory muscles by dis- 
eases diffusely affecting skeletal muscle, like pro- 
gressive muscular dystrophy and the myotonic dys- 
trophies, may lead to restrictive disease. These dis- 
eases are commonly associated with reduction of 
vital capacity, total lung capacity, and maximal 
breathing capacity W’ithout obstructive disease. 

The severity of respiratory’ involvement in any of 
the above diseases depends on the amount of an- 
atomic involvement. Vital capacity is reduced in 
proportion to the degree of paresis of the respira- 
tory muscles. There are generally an increased re- 
sidual volume and a decreased air flow velocity. 
In moderately sev'ere involvement, there may be 
alveolar hypoventilation with hypoxemia, hyper- 
capnia, and respiratory acidosis. In v-ery severe in- 
volvement, there may be total apnea requiring as- 
sisted ventilation for survival. 

Because of ineffective coughing and tbe limita- 
tion of respiratory excursions, recurrent bronchial 
infection is frequent in the convalescing or clironi- 
cally ill patient. Although none of these diseases 
is associated with parenchymal lung damtige, per 
sc, recurrent infections may result in permanent 
slroctural damage. In some patients, the neuro- 
muscular or muscular disease may result m kypho- 
scoliosis. giving rise to addition^ pulmonocardiac 
abnormalities, as discussed below. 

Recognition of pulmonary insufficiency may be 
difficult in the mOder forms of these diseases An 
awareness of the frequency of respiratory insuffi- 
ciency is an important factor in formulating ther- 
apy'. Quantitative serial measurements of vital ca- 
pacity and blood gases are important guides as to 
the intensity of disease and the degree of therapy 
required. When relatively specific measures arc 
available for a given disease (e.g , anticholinesterases 
for myasthenia gravis), they should be energetically 
employed. Assisted ventilation, control of secretions, 
and prompt therapy of infections are frequently 
critic^ aspects of the care of these patients. 

Thoracic Cage Limitation. Limitation of motion 
of the thoracic cage may be associated with the 
development of seveie alveolar liypoventil.ition. 
The mechanisms underlying this development m.iy 
be illustrated by considering pulmonary -cardiac 
failure nssociatecl with kyphoscoliosis and with 
obesity. 
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delirium and e>en coma may occur. The eleclro* 
encephalogram may show abnonn.alilics consisting 
of slow-frequency, Iow-%oltage waves The com* 
bination of papilledema, central nervous system 
signs, and an abnormal electioenctphalogram may 
lead to an erroneous diagnosis of brain tumor. 

The combination of hypoxia and hypercapnia 
produces pulmonary hypertension and right Iieart 
f.iilure by mechanisms discussed later (p. 1537). 
This form of cor pulmonale is characterized by its re- 
versibility when blood gases are restored to normal. 

The sj-mptoms of alveolar hypoventilation are so 
varied that the diagnosis can be seemely estab- 
lished only by demonstrating a significant increase 
of arterial or alveolar COj tension. 

Pulmonary’ restriction may result from abnor- 
mality of any segment of the respiratory app.-imtus. 
Disorders ins’olving the respiratory center, its pe- 
ripheral neural connections, the respiratory muscles, 
thoracic cage, pleura, mediastinum, pulmonary' 
parenchyma (including its vascvilature), and ab- 
dominal cavity may produce limitation of the re- 
spiratory strode volume. 

nestricthe Disease Associated with Neurologic, 
Neuromuscular, or Muscular Disorders. Bcslrictive 
disease may be produced by direct involvement of 
the medull.'iry respiratory center by a number of 
different processes. The existence of hypoxemia, 
hypercapnia, and polycythemia in patients without 
clinical or physiologic evidence of primaiy respira- 
tory or cardiac disease has been attributed to Idio* 
pathic disease of the medullary respiratory center. 
Such patients are capable of restoring blood gases 
to entirely normal xalues by voluntary hyperventi- 
lation. Meticulous investigation of pulmonary' and 
cardiac function fails to reveal any abnormahties of 
ventilation, diffusion, or perfusion. Cardiac abnor- 
malities, when present, are related to cor pulmonale 
produced by the blood gas abnormalities. Inhala- 
tions of high concentrations of COj (5 to 8 per 
cent) in air by these patients fads to elicit the 
degree of hypervenldation seen in normal subjects 
or may even lead to depression of ventilation. For 
this reason, it has been suggested lh.it the under- 
lying mechanism is an injury involving the medul- 
hiry' respiratory center (such as tumor, innamma- 
tory disease, or vascular accident) and resulting in 
relative insensitivity to its normal stimuli, Pco'. uud 
pH Alveolar hypoventilation develops with result- 
ant hypoxemia and hypercapnia. The chemical con- 
trol of breathing depends to a great extent on im- 
pulses arising from llie poriphcr.il chcmoreceptors 
located in apposition to the great vessels (carotid 
body, vertebral body, aortic body), which are pti- 
manly sensitive to a fall in the oxygen tension of 
arterial blood (hypovemia). The volume of invol- 
untary ventilation achieved by the patient repre- 
sents a new steady stale, which depends on the 
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degree of respuatory' center depression and on the 
degree of respiratory stimulation arising from the 
peripheral chemoreceptors. This steady state oper- 
ates in such a manner that the patient has penist- 
ent hypoxemia and hypercapnia. 

A number of inflammatory and miscellaneous dis- 
eases involving the brain often may result in al- 
veolar hypoventilation. For example, acute bulbar 
poliomyelitis causes respiratory abnormalities in the 
absence of respiratory muscle paresis or paralysis 
produced by lower motor neurone lesions. Breath- 
ing becomes irregular in nite, shallow, and exceed- 
ingly slow. It is striking that such paffents can 
breathe normally when commanded to do so by 
frequent and firm verbal orders. The retention of 
Yohliona) control with the loss of reflex rhythmic 
control is presumably caused by impaired sensi- 
tivity' of the respiratory center to the COj-pH 
stimulus. Not infrequently, swallowing and cough- 
ing are likewise impaired, again suggesting brain 
stem localization of disease. Generally' this variety 
of respiratory disturbance is acute and transient. 
allliougU the patient may then develop fniak re- 
spiratory paralysis because of lower motor neurone 
disease. 

A number of drugs are capable of producing re- 
spiratory center depression, thereby resulting in 
alveolar hypoventilation. Drug-induced respiratory 
depression is most frequently seen during adminis- 
tration of anesthesia. The reduction of ventilation 
is noted by the anesthesiologist and is treated by 
assisted ventilation. However, if specific measure- 
ments of alveolar or arterial COj tension are not 
performed, significant hypoventilation, during or 
after the operative procedure, may be overlooked. 
All drugs of the morphine group and the barbitu- 
rate group may produce respiratory center depres- 
sion and hypoventilation 'NVilh ordinary doses in 
p-iticnts without preexistent respiratory center de- 
pression, the respiratory effects of tliese drugs are 
ordinarily not of great clinical significance. How- 
ever, overdosage (e.g., in attempted suicide) or 
(he administration of even modest doses to patients 
with established respiratory depression may result 
in life-threatening alveolar hypoventilation 

An important variety of respiratory center de- 
pression IS seen commonly in patients with pm* 
longed hypercapnia, which occurs most commonly 
in obstructive emphysema. Such patients show ii 
subnormal ventilatory response to the inhalation of 
COj-ennehed air. At least two basic factors are 
involvetl. One factor is related to the disordered 
ventilatory mechanics of diffuse obstructive disease. 
This factor can be demonstrated by having normal 
subjects inhale COj-cnrichcd matures while .so’* 
way resistance is artificially increased. Under these 
circumstances there is a diminished ventilatory lO' 
sponsc to COo inhalation. The second factor is 
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delirium and e^en coma may occur. The electro- 
encephalogram may show abnormalities consisting 
of slow-frcfiuenc)', low-voltage waves. The com- 
bination of papilledema, ccntr.al nervous system 
signs, and an abnormal electroencephalogram may 
lead to an erroneous diagnosis of brain tumor. 

The combination of hypoxia and hypercapnia 
produces pulmonary hjpertension and right heart 
failure by mechanisms discussed later (p. 1537). 
This form of cor pulmonale is characterizetl by its re- 
versibihty when blood gases are restorerl to normal. 

The s)’mptoms of alveolar hj'poventilation are so 
varied that the diagnosis can be securely estab- 
lished only by demonstrating a significant Increase 
of arterial or alveolar CO 2 tension. 

Pulmonary restriction may result from abtvor- 
m.ality of any segment of the respiratory apparatus. 
Disorders involving the respiratory center, its pe- 
ripheral neural connections, the respiratory muscles, 
thoracic cage, pleura, mediastinum, pulmonary 
parenchyma (including Its vasculature), and ab- 
dominal cavity may produce limitation of the re- 
spiratory strobe volume. 

ncstrictivc Disease Associated with Neurologic, 
Neuromuscular, or Muscular Disorders, nestriclive 
disease may be produced by direct involvement of 
tlve medullary respiratory center by a number of 
dificrent processes. The existence of hypoxemia, 
hypercapnia, and polyc)lhemia in patients without 
clinical or physiologic evidence of primary respira- 
tory or cardiac disease lias been attiibuted to idio- 
pathic disease of the medullary respiratory center. 
Such p.rt]cnt8 arc capable of restoring blood gases 
to entirely normal V’ahies by voluntary hyperventi- 
lation. Meticulous investigation of pulmonary and 
cardiac function fails to reveal any abnorm.i]ities of 
ventilation, diEusion, or perfusion, Cardiac abnor- 
mshtxs, u lien present, sre related to ccr palmOnah 
produced by the blood gas abnormalities. Inhala- 
tions of lugh concentrations of COj (5 to 8 per 
cent) m air by these patients fads to elicit Uie 
degree of hyperventilation seen in normal subjects 
or may even lead to depression of ventilation. For 
this reason, it has been suggested that the under- 
lying mechanism is an injury involving the medul- 
lary respiratory center (such as tumor, inflamma- 
tory disease, or vascular accident) and resulting in 
relative insensitivity to its normal stimuli. Pc©., •‘nd 
pH. Alveolar hypoventilation develops with result- 
ant hypoxemia and hypercapnia. The chemical con- 
trol of breatliing depends to a great extent on im- 
pulses arising from the peripheral cheraoreceptors 
located in apposition to the great vessels (carotid 
body, vertebral body, aortic body), which are pri- 
marily sensitive to a fall in the oxygen tension of 
arterial blood (hypoxemia). The volume of invol- 
untary ventilation achieved by tlie patient repre- 
sents a new steady state, which depends on the 
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degree of respiratory center depression and on the 
degree of respiratory stimulaUon arising from the 
peripheral chemorcceptors. This steady stale oper- 
ates in such a manner tliat the patient has persist- 
ent hypoxemia and hypercapnia. 

A number of inflammatory and misceUaneous dis- 
eases involving tire brain often may result in al- 
veolar hypoventilation. For example, acute bulbar 
poliomyelitis causes respiratory abnormabtics in the 
absence of respiratory muscle paresis or paralysis 
produced by lower motor neurone lesions. Breath- 
ing becomes irregular in rate, sballow, and exceed- 
ingly slow. It is striking that such patients can 
breathe normally when commanded to do so by 
frequent and firm verbal orders. The retention of 
volitional control with the loss of reflex rhythmic 
control IS presumably caused by impaired sensi- 
tivity of the respiratory center to the COj-pH 
stimulus Not infrequently, swallowing and cou^. 
ing are likewise Impaired, ogam suggesting brain 
stem locohzation of disease. Generally this variety 
of respiratory disturbance is acute and transient, 
although the patient may then develop frank re- 
spiratory paral) sis because of lower motor neurone 
disease. 

A number of drugs are capable of producing re- 
spiratory center depression, thereby resulting in 
alveobr hypoventilation. Drug-induced respiratory 
depression is most frequently seen during admims 
Iration of anesthesia. The reduction of ventilation 
is noted by the anesthesiologist and is treated by 
assisted ventilation. However, if specific measure- 
ments of alveolar or arterial CO 2 tension are not 
performed, significant hypoventilation, during or 
after the operative procedure, may be overlooked 
All drugs of the morpliine group and the barbitu- 
rate group may produce respiratory center depres- 
sion arrd hyputentrVatfon. llVtfr oixformy doses in 
patients without preexistent respiratory center de- 
pression, the respiratory effects of these drugs are 
ordinarily not of great clinical significance. How- 
ever, overdosage (e.g., in attempted suicide) or 
the administration of even modest doses to patients 
with established respiratory depression may result 
in hfe-threatening alveolar hypoventilation. 

An important variety of respiratory center de- 
pression is seen commonly in patients with pro- 
longed hypercapnia, which occurs most commonly 
in obstructive emphysema. Such patients show a 
subnormal ventilatory lespcmse to the inhalation of 
COo-enriched air. At least two basic factors are 
tnvxilvcd. One factor is related to the disordered 
venblatory mcdianics of diffuse obstructive disease 
This factor can be demonstrated by having normal 
subjects inhale COa-cnriched mixtures while air- 
W'ay resistance is artificially increased. Under thtse 
circumstances there is a diminished ventilatory re- 
sponse to COj inhalation. The second factor is 
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kyphoscoliosis, is associated with an increased work 
cost of moving the thorax and is likewise associ- 
ated with a tendency for the development of rapid, 
shallow breathing. A common pathogenetic mecha- 
nism responsible for the development of alveolar 
hypoventilation seems probable for both diseases. 
In the case of kyphoscoliosis, the increased w'ork 
load is imposed by the thoracic deformity. In the 
case of the Piclnvickian syndrome, the increased 
work load is imposed by Uie excessive deposition 
of fat. In Pickwickians, as in kyphoscoliosis, the 
increased work load leads to tachypnea with inade- 
quate tidal volumes, which in turn leads to alveolar 
hypoventilation. 

In the uncomplicated Pickwickian syndrome, 
there is no evidence of increased resistance to air 
flow. There is generally a decreased \-entilatory 
response to CO 2 inhalation. This finding is consist- 
ent with a decrease in respiratory center sensitis'ity 
and tends to accentuate alveolar hypoventila- 
tion. 

Intrapulmonaty gas mixing may be entirely nor- 
mal. Occasionally there is maldistribution of in- 
spired air, presumably caused by the exaggeration 
of hypoventilafon \\'hich occurs in the less disten- 
sible perihilar areas, producing ventilation-perfu- 
sion abnonnabties and accentuating arterial oxygen 
unsaturation. 

In occasional patients, the Fickvvickian syndrome 
is associated with difluse obstructive disease or 
myxedema. Pulmonary vascuhr occlusion, resulting 
from either embolism or thrombosis, is common. 
Its pathogenesis is undoubtedly related to the rela- 
tive immobility of these patients, the high viscosity 
of their blood, and the presence of congestive 
failure. 

Several clinical features of this syndrome require 
additional emphasis. Alveolar hypoventilation is 
relatively uncommon in even massively obese pa- 
tients. Normal pulmonary function has been found 
in patients whose weight exceeded 400 lb. Tlic 
exact factors which determine the development of 
pulmonary failure in some obese patients are not 
entirely understood. Among the factors favoring 
the development of alveolar hypoventilation arc 
the pattern of distribution of the fat and its rote of 
accumulation. Pulmonary-cardiac failure occurs 
most commonly’ when the excess fat is packed 
lightly under the diaphragm, restricting its range 
of motion. Not infrequently there is a hisfoiy of 
rapid weight gain in the immediate period preced- 
ing the development of frank pulmonary insuQi- 
ciency'. In some patients the mpid accumulation of 
iiitraabdominal fluid, rather than fat, may precipi- 
tate tlic full-blown syndrome. 

The degree of somndlence is usually more severe 
in this syiidromc than in otlicr diseases assocblcd 
with alveolar hypoventilation. At times tlie somno- 
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Icnce is truly extraordinary and the patient may 
find it impossible to distinguish between the wak- 
ing and sleeping state. Somnolence occasionally 
antedates the appearance of respiratory insufR- 
ciency and may be present with only minor eleva- 
tions of arterial CO^ tension, suggesting the impor- 
tance of independent central nervous system dis- 
ease in the pathogenesis of tlie syndrome. Normal 
sleep is known to be associ.ated with a rise in COj 
tension and a decrease in respiratory’ center sensi- 
tivity. For this reason somnolence per se may in- 
crease the blood gas abnormalities. 

The most remarkable aspect of both the clinical 
and physiologic abnormalities is that they may be 
completely reversed by simple loss of weight. With 
weight reduction, somnolence and the ventilatory 
abnormalities may disappear, blood gases may be- 
come normal, and pulmonary hypertension and cor 
pulmonale may disappear. Because of such dramatic 
changes, the Pick-wickian syndrome represents an 
Important example of curable lung and heart dis- 
ease. However, in some patients, complicating ob- 
structive pulmonary disc.nse, independent heart dis- 
ease, or pulmonary vascular occlusion limits re- 
versibility. 

The most important aspect of therapy is weight 
reduction. It is generally not necessary for the pa- 
tient to lose weight to the predicted or “idea!" 
level. Often the loss of only 25 or 30 Ib is suflieient 
to restore normal pulmon.iry function. However, 
excessive appetite is frequently a fundament.il part 
of the illness (or of the patient’s person.ihty) anti 
recurrent gain of weight is not uncommon. 

Restrictive Diseases Rarely Associated with Al- 
veolar Hypoventilation. A number of primary re- 
strictive diseases arc rarely or never associated with 
alv'cokir hypoventilation. Pulmonary collapse (ate- 
lectasis) and pleural fibrosis arc discussed in Chap. 
264. Pcclus excat,alum (funnel chest) is a congeni- 
tal malformation consisting of a depression of the 
lower portion of the sternum and the ncljaetnt cos- 
tal cartilages. Tlic depressed sternum may compress 
and restncl the lower portions of Uic lung or may 
produce restriction by distortion of the diapliragm. 
Restriction due to pleural fibrosis is limited to the 
areas of lung involved in fibrosis. Bilateral constric- 
tive caldfic fibrosis may’ result In virtimlly’ complete 
loss of thoracic motion and even limitation of dia- 
phragmatic motion. Rheumatoid spondylitis has 
been shown to result in loss of chest cxp.ansion lie- 
causc of immobility of the costovertebral and cos- 
tostcnia] joints. Reduction of vit.al capacity and 
total lung capacity with a normal rcsidii.il volume 
result from this immohility. An interesting aspect 
of Uic impaired thoracic mobility is tint painful or 
difficult sneezing is a common compliiiif. Jlowcver, 
there is a striking absence of puhnonaiy signs and 
of pulmonary infections. 
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Pulmonary-cardiac Failure Associated with Ky- 
p^^oscoliosis. Kyphosis lefeis to any posterior angu- 
lation of the spine. Clinically significant kypliosfa 
is generally associated with a marked gibbiis and 
loss of stature Scoliosis consists of a lateral dis- 
placement of the spine with at least one other com- 
pensatory cune in an opposite direction. Of these 
two processes, scoliosis appears to be the more im- 
portant in the genesis of pulmonary and/or cardiac 
insufficiency. Approximately 80 per cent of cases 
of kyphoscoliosis are of unknown etiology. Tlie se- 
quelae of poliomyelitis or of Pott’s disease account 
for most of the remaining 20 per cent. Although 
kyphoscobosis is relatively common (in approxi- 
mately 1 per cent of the United States population), 
a deformity severe enough to produce pulmonary 
or cardiac insufficiency is found in only a relatively 
small numher of these patients. 

Kyphoscoliosis is associated with marked struc- 
tural abnormality of the thoracic cage, leading to 
abnormal positioning and functioning of the re- 
spiratory muscles. The lungs are compressed by the 
thoracic deformity, leading to a small lung volume. 
There is a high vvork and energy cost of breathing, 
pnmardy because of the abnormal elastic resistance 
of the chest and, to a lesser degree, because of in- 
creased elastic resistance of the lung In some tm- 
knoivn manner, tlie increased elastic work leads to 
the development of rapid shallow breathing, which 
In turn leads to alveolar hypoventilation by prefer- 
ential ventilation of tlie anatomic dead space at the 
expense of the alveoli. As a result hypoxemia, hy- 
percapnia, and respiratory acidosis develop. Pro- 
longed hypercapnia leads to a dcpresiiion of respira- 
tory center sensitivity, accentuating the degree of 
hypoventilation. 

The thoracic deformity leads to compression of 
pulmonary vessels which, therefore, present an in- 
creased resistance to pulmonarj' blood flow. With 
prolonged pulmonary hypertension, there is damage 
to the mtima of pulmonary vessels with tlie devel- 
opment of pulmonary artenosclerosis, which fur- 
ther increases pulmonary vascular resistance and 
aggravates pulmonary hypertension. The combina- 
tion of h)poxia, hypercapnia, vascular compression, 
and intimal changes produces high degrees of pul- 
monary hypertension, leading ultimately to right 
ventricular failure. 

It should be cmphasi 2 ed that the physiologic 
processes leading to alveolar hjpoventilation in 
kyphoscoliosis are quite distinct from those seen in 
obstructive emphysema In kyphoscoliosis, lung 
volumes arc small; there arc, at most, moderate 
disturbances in the distribution of inspired air, and 
air flow resist.ance is normal. In chronic obstructive 
emphysema (p. 1520), the residual volume is ab- 
normally large, there are marked disturbances in 
the distribution of inspired air, and the major de- 
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feet is an abnormally high resistance to air flow. 

Recurrent pulmonary infections are not uncom- 
mon in kyphoscoliosis because of abnormal tough 
dynamics and inadequate bronchial drainage. Such 
infections may lead to p.arentli^'m.al pulmon.irv 
structural abnormalities and occ.asionally to obstnic- 
livx: emphysema. In such patients diffuse obstruc- 
tive disease represents a complication supcrimposetl 
on tlie fundamental physiologic abnormalities re- 
lated to the thoracic deformity. 

Hie therapy of pulmonary and cardiac failure in 
kv-phoscoliosis should be directed toward correcting 
the physiologic abnormalities, since the underlying 
anatomic abnormality is unfortunately almost never 
correctiblc. The periodic use of mechanically as- 
sisted ventilation decreases the work cost of breath- 
ing and increases alveolar ventilation. Control of 
bronchial secretions and prompt therapy of pul- 
monary infections decrease parenchymal pulmo- 
nary destruction Avoidance of drugs which depress 
ventilation prev’ents additional hypoxia and respira- 
tory acidosis. Oxygen administration relieves hy- 
poxia and tends to decrease the right ventricular 
work. Conhac glycosides, diuretics, and a low so- 
dium diet are useful in the management of conges- 
tive heart failure. 

rulmonar>’<ardiac Failure Associated with 
Obesity (Pick-vvjckian Syndrome). The association 
of obesity, somnolence, polycylbemia, and excessive 
appetite }i.is long been recognized. A classic de- 
scription of the association of these signs and S)'a)P' 
toms was written by Charles Dickens. In “The Pick- 
wick Papers," be tlescribed, “a fat and red-faced 
boy in a state of somnolency." Tlie boy (Joe) was 
subsequently addressed as “Young Dropsy," "Young 
Opium Eater,” and “Young Boa Constrictor," no 
doubt in reference to his obesity, his somnolence, 
and his excessive appetite, respectively. Because of 
the resemblance of Joe, the fat boy, to patients 
wiUi obesity associated with pulmonary-carduic 
failure, this combination has been referred to as a 
"Pickwickian syndrome.” 

In Its folly developed form, the Pickwickian 
syndrome consists of marked obesity, somnolence, 
cyanosis, periodic respiration, secondary poIycylhC' 
mia, and right ventricular failure. Blood gas meas- 
urements reveal hypoxemia and hypercapnia, docu- 
menting the existence of alveolar hypoventilation. 
Measurements of Jung volumes reveal a decrease of 
total lung capacity, a decrease of vital capacity, and 
a striking reduction of the expiratory reserve vol- 
ume. The total energy cost of breathing in obese 
subjects is high. However the work cost of moving 
the lung is not increased. This suggests either tlwt 
the excess energy is used to impart motion to ex- 
trapulmonary structures or tliat excess energy is 
required by the respiratory muscles to perform n 
given amount of mechanical work. Obesi^', like 
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Pulmonary Scleroderma. Its general manifesta- 
tions are described elsewhere (p. 1896). Pulmonary 
involvement in scleroderma is common. The mani- 
festations vary depending on the site and extent 
of the disease. With extensive involvement of the 
shin of the thorax, there may be an inabflity to 
expand the chest adequately, leading to restrictive 
disease. Diffuse peribronchial fibrosis may lead to 
an obstructive pulmonary defect and to maihed 
distortions of pulmonary parencliyma with the de- 
velopment of honeycombing of the lung. Pleural 
fibrosis may produce pulmonary restriction. Diffuse 
interstitial fibrosis may produce abnormalities of 
diffusion leading to die clinical and physiologic 
abnormalities of impaired diffusion which have 
already been described. With esophageal involve- 
ment, there may be "spillover” of esophageal 
contents, leading to recurrent bronchopneumonia. 
There may be direct involvement of the pulmonary 
vasculature by fibrosis, leading ultimately to the 
development of cor pulmonale. It has also been 
suggested that the proclivity of systemic vessels to 
show abnormal vasospasm may ^ shared by pul- 
monary vessels, thereby producing pulmonary hy- 
pertension and eventually cor pidmonate. Rarely, 
pulmonary manifestations may antedate the ap- 
pearance of shin or esophageal lesions {scleroderma 
sine scleroderma). Under this circumstance, diag- 
nosis is difficult since the histologic appearance of 
the pulmonary lesions is not specific. The coexist- 
ence of scleroderma and bronchioUr (alveolar cell) 
carcinoma occurs with sufficient frequency to sug- 
gest more than a coincidental relationship between 
the tivo diseases. 

Diffuse Interstitial Fibroses and Granulomatoses 
of Unknown Etiology (Including Ilamman-Rjch 
Syndrome). Granulomatous and/or fibtotic involve- 
ment of pulmonary interstitium occurs in a number 
of disease states the etiologic nature of %vhich is not 
well established. Obscure pulmonary infections, 
viral pneumonias, pulmonary venous occlusiim and 
hypertension, and allergic reactions may all be as- 
sociated with interstitial infiltration. Such infiltra- 
tion may be localized or diffuse and may regress 
quickly or may persist indefinitely. When such in- 
filtrates are extensive and persist for relatively long 
periods, the famUiar clinical manifestations of dif- 
fusion abnormalities may appear. Despite exhaus- 
tive diagnostic studies, frequently no etiologic basis 
is found and only a descriptive pathologic diagnosis 
is possible. Of this indefinite group of entities, the 
best characterized is the Hamman-Rich syndrome. 
In 1935 and again in 1944, Hamraan and Rich 
reported four patients with an unusual form of 
pneumonia characterized by progressive interstitial 
fibrosis of both lungs. Tlie disease was accompanied 
by progressive hypoxia and the ultimate develop- 
ment of right ventricular failure. The disease in 
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each patient ended fatally within a year of onset. 
Since this original description a relatively large 
number of patients have been described who more 
or less fit into this diagnostic category. 

The histologic abnormality consists of a bilateral, 
diffuse interstitial infiltrate resulting from the suc- 
cessive deposition of abnormal inflammatory cells, 
fibroblasts, hyaline, and collagen, in alveolar sep- 
tums. Clinical features include dyspnea, cough, and 
cyanosis, terminating in many patients with in- 
tractable pulmonary insufficiency and cor pulmo- 
nale. Physiologically, there is evidence not only of 
abnormal diffusion but of abnormal ventilation- 
perfusion relations as well. 

The etiology of this disorder is unknowm and in- 
deed it seems likely that a number of different 
processes may have as their end result the devel- 
opment of Hamman-Rich changes. Etiologic theo- 
ries include viral infection with an unknown agent, 
infection caused by tlie pleuropneumonia group, 
the failure of resolution of acute interstitial pneu- 
monia, a hypersensitivity reaction, and a form of 
collagen disease- Ceemane to the last two possi- 
bihties is that hypergammaglobulinemia, spleno- 
megaly, and eosinophilia have been reported in 
some patients with Hamman-Rich syndrome. 

The radiographic signs vary, and severe physi- 
ologic involvement has been reported in patients 
with only moderate x-ray abnormalities. The chest 
films in some patients resemble those found in 
congestive heart failure with marked catdiomegaly, 
and lung lesions resembling pulmonary edema; or 
the chest x-ray may resemble those found in diffuse 
bronchopneumonia; or the films may reveal diffuse 
inteistiUal fibrosis Adrenal steroids apparently have 
induced remissions in some patients. Such remis- 
sions tend to be rather limited in time. Hormone 
withdrawal may produce a severe and unrelenting 
relapse. 

Disorders of Impaired Diffusion Associated 
tcith Intraalveolar Fluid Accumulation 
end Iteiativeli/ J^ormal Diffusing 
Membranes (Alveolar Block) 

Pulmonary Edema. The general subject of pul- 
monary edema is discussed dsewhere (p. 1382). 

A priori, it might be expected that edema of in- 
terstitial tissue and edema fluid inside alveoli would 
tend to act as a diffusion barrier. Indeed, a decrease 
in diffusing capacity lias been reported in some 
patients with pulmonary edema. However, a de- 
crease in diffusing capacity is not found in all pa- 
tients ivith pulmonary edema, nor does the decrease 
correlate well with tlie e.xtent of pulmonary edema. 

The major gas exchange abnormality in pulmo- 
nary edema appears to be based on rather com- 
plete ecclusion of air from bubble-filled nlvcoll 
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Chronic pulmonary fibrosis and insuOicicncy may 
dc\elop in the late stapes of these disorders 

Chronic Beryllium Disease of the Lung. The in- 
halation of certain salts of beryllium by human 
beings (p. 1547) leads to the development of pul- 
monary lesions. In the acute form of the disease 
there is the development of a chemical pneumonia, 
characteri7e(i by cough, with occasional blood- 
streaking of the sputum, substcmal burning pain, 
d)’spnea, cyanosis, anorexia with weight loss, pro- 
gressive fatigue, and diffuse radiologic densities. 
In patients who recover, the lung fields generally 
clear after several months 

Berj'Uium exposure is also capable of producing 
a chronic form of lung disease. This disorder de- 
velops insidiously months to years after the Initial 
exposure. The clinical picture is that associated 
with diffusion defects. Pathologically the pulmo- 
nary lesions are indistinguishable from those seen 
in sarcoidosis, and indeed beryllium, like sarcoido- 
sis, may be associated with granulomatous and 
fibrolic lesions involving lymph nodes, liver, spleen, 
and heart Definitive diagnosis is generally based 
on a history of exposure to bctyllium, together with 
suitable histologic changes on lung biopsy The 
chemical demonstration of beryllium in lung or 
urine may help to reinforce the diagnosis. Tlicrapy 
includes the use of adrenal steroids, ox)'gcn, and 
measures designed to relieve cor pulmonale. 

Ashestosis. The inhalation of asbestos dust (hy- 
drated calcium-magnesium silicate) ro.ay lead to 
the development of a diffuse interstitial pulmonary 
fibrosis known as asbestosis (p. 1517). A striking 
feature of the reaction to asbestos Is the develop- 
ment of marked pleural fibrosis. Significant physi- 
ologic derangements indicating abnormalities of 
diffusion have been noted even in the absence of 
x-xay c^tvaages. 

Silicosis. Silicosis, the disease resulting from the 
inhalation of silicon dioxide dust, is dcscnbcvl else- 
where (p. 1544). Usually this disease gives rise to 
an obstructive ventilatory defect whose end stage 
15 chronic obstructive empliysema. Occasionally, 
patients with silicosis present with physiologic ab- 
normalities consistent with impaired diffusion and 
without significant obstruction. 

L}'mphangitic Carcinomatosis. Lymphangitic car- 
cinomatosis (sec also p. 1562) may be defined os a 
process in which there are widespread neoplastic 
metastascs throughout the lymphatics of both lungs. 
It differs from the more common varieties of pul- 
monary roetastases in that it causes severer symp- 
toms and is the direct cause of death in most pa- 
tients 

The primary tumor may arise from any site, but 
bronchogenic carcinoma and carcinoma of the 
stomach are the most common primary tumors. 

; The primary tumor may be small and clinically in- 
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apparent during life. The outstanding symptoia is 
severe and rapidly progressive dyspnea. The cliar- 
actcristic radiologic appearance is tliat of fine 
stringlike shadows distinct from vascular markings, 
stretching from the hila to the periphery of all lang 
xoncs. Rarely the chest x-ray may be normal de- 
spite severe dyspnea. The possibility of Ijinphan- 
gitic carcinomatosis should he considered in o5<ht 
patients witli marked dyspnea for which no other 
cause can be determined. 

Postradiation Fibrosis of the Lung. Pulmons*)' 
fibrosis resulting from x-ray radiation of tlie lung 
is a somewhat uncommon but definite clinical en- 
tity. It occurs as a complication of radiation thcf- 
opy directed against neoplasms of thoracic struc- 
tures such as carcinoma of the breast, Jung, or 
esophagus or pulmonary lymphoma. Ordinarily, 
pulmonary fibrosis following therapeutic radiation 
is insignificant. Occasionally, marked fibrosis and 
severe pulmonary Insufficiency may result. 

Tlve reaction to x-ray occurs in two stages, the 
initial stage is the development of acute radiation 
pneumonitis. There is damage to alveolar cells 
capillar)’ endothelium, with resultant swelling 3"^! 
necrosis of the capillaTV endothelium Fibroulashc 
proliferation occurs rel-atively early and Is esp?" 
cially severe in nlvcolar walls. The late reaction b 
characterized by a vascular hyaline fibrosis wdlh 
thickening of alveolar walls and septums 
bronchial and penvaseular fibrosis are also piesefll 

The clinical picture is so variable that a typi™ 
s)Tidromc cannot be defined. Most patients with 
localized fibrosis are entirely’ asymptomatic. 
others, mild dyspnea and cough may be pres^"* 
for limited periods. In o small number of patieflis 
with extensive bilateral invoh’cmcnt, there may he 
high fever, severe dyspnea, hyperventilation, c»'“' 
rvosfe, and pTOgtwsive pulmoTiaTy mswEciency. 
monaiy function studies in these patients sugg®^ 
that the major defect present is impaired membrane 
diffusion. 

It has been claimed that adrenal steroids may 
cause marked symptomatic improvements in 
tients with severe forms of tlie disease and may be 
useful prophylactieally. 

Pulmonary Rcticulocndothclioscs ( Eosinophw® 
Granuloma, Ilnnd-Schullcr-Chrisltan Disease, Lf}' 
tcrcr-Sivve Disease). Pulmonary involvement ® 
these diseases produces a diffuse fibrosis associate 
with formation of multiple small cysts (honeycoO’b 
lungs). The clinical course varies The occurrenf^ 
of spontaneous pneumothorax is frequent. Diabet^^ 
insipidus or bone lesions are commonly associated 
findmgs. In severe forms, impaired diffusion is ® 
major physiologic abnormality. Diagnosis in gen- 
eral depends on the presence of other stigmata ° 
Uie disease as well as pulmonary involvement. 
diation and/or steroid tlierapy has been advocated- 
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Uie patient ma y expire either o f ■pulmonary nt-of 
cardiac failu re. However, even \WtIi advanced em- 
physema, complicated by failure of the right side of 
the heart, vigorous treatment will often result in 
rem arkable improvement iri a p afient who at first 
appeared to be hopelessly ill (p. 1573). 

Diagnosis. The chief problem is the separation 
from right ventricular hj-pertrophy or failure, due 
to pulmonar)’ hj’pertcnsion caused by mitral steno- 
sis or by failure of the left ventricle. WTicn con- 
genital disorders can be excluded, th e presence of 
the t)'pical manifestations o( smoxia,' i c., excessive 
fatigue. Q'anosis, polycythemia, and clubbing ot 
the hngers, co nst itutes stron g c\~icjencc in f.i^ r of 
c or pulmonaic ns comparc ^Q_ntiieLJhT>cS-l>f-XiCr 
gui red heart disc.is c. Other S’aluable guides are the 
histor)’ of lon g-standing cough , c linical or x-rav 
nh^omc na pomti'ng toward emphysema , c tlcnsivc 
inRi tratne or fibrotic disease, of the lungs, tlie rela- 
t ively small h^ .ajt, an d tlicabscncc of clinical. d<^ 
trocardiogra nhic, and radiologic csidencclot lef t 
s'c ntricular hy pertrophy. Car bon dioxide retentio n 
is Jhc jitlc in patients with cor pulmonale due to 
cmpUj’scma or chest deformities but is usually ab- 
sent ^^hcn other conditions arc responsible. 

Tlie nrm-to-tonguo circulation time is likely lo be 
proIongecTln both conditions ! but the abht^ali ty 
aff ects narticmattv~l!>e dtm-t^-lung'timc in the pa- 
tient svith cor nulmonalo. wiio may have a no nn^ 
l ung-to-tongu e, time because the pulmonary vascu-^ 
Ifir hpfl U neT 

MTien p ulmonary heart disease is enuserl bv. nn, 
infi ltrative or hbrotic disor der, total vital c.ap.ictty 
i s likely to tie more rcdu^^ i for a given degree of 
dyspnea tha n in the ease of an individua l mtli pul- 
monary conj;estion due to left ventricular failure 
or tqjnnial stenosis. On the other hand, when em- 
physema ot some other basically obstructive dis- 
order is mainly responsible for cor pulmonale, the 
total vit al capacity ma v be relath cly hig h^ even 
though the timed vital c a pacity and similar meas- 
ur ements are reduced as CTmpared to com p.' trably 
s ewre cardiac dyspnea seco ndar y to pulmonary 
con ^stioD. ~ 

The considerations which are important In the 
differentiation of cor pulmonale from those excep- 
tional instances of mitral stenosis, in uhicli a clear 
diastolic rumble is lacking, have been considered 
in some detail on p. 1438. 

P ain resemblin g that of angina pectoris in its 
relation to exertion is nol'Uncommon-in-pfltlcnts 
with cor pulmonale. Tlie d uration may be much 
long er, and ep isodes lasting for several hours m^ 
occuranj be contused Yyitlrmyocardial inlarfliOTr^ 
Although this type of pain . reSpSilds poorly 'IJT 
nitroglyce rin, it i s probab l y related to ischemia ot ~ 
th e right ventricle, in duced by diminished s>’stofi c 
perfusion as the result of die abnormal election 
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of the in tra mur al pressure in this chamber (p. 
33)'i ■ ■ 

Attacks.of-S)'ncopc-are.,not_unusual_in patients 
with_cor.pulmonale and with the exception of heart' 
block and aortic stcriosis are more frequent than' 
with other types of acquired cardiac disease. 

In summary, it may be said that tlie diagnosis of 
cor pulmonale uill usually depend on the demon- 
stration of clear evidence of diffuse pu lmonary' dis- 
case in association with the signs of^oxiarofrig hT 
vx mtricular h>'pertrophy, and of syste mic^epngeV" 
tion. 

Treatment. The principles inv'oh’ed are (1) pre- 
vention and vigorous management of chronic and 
recurrent acute respiratory infections (p. 1576); 
(2) use of bronchodilalor drugs, expectorants, 
steam inhalations (p. 1574), cn 2 )’mes to thin spu- 
tum, and, under appropriate circumstances, of ster- 
oids; (3) management of anoxia and of hy-per- 
capnla, with due consideration of the dangers of 
aggravation of these disturbances by morphine and 
otlier respiratory depressants (p. 1575); (4) reduc- 
tion of blood viscosity by venesection when the 
hematocrit is greater than 50 to 55 per cent; (5) 
management of congestive heart failure with digi- 
talis and diuretics (p. 1380); and (6) utilization 
of mechanical aids to breathing when such adju- 
vants are needed (p. 1576). Each of these thera- 
peutic problems is discussed in detail in other 
clupicrs, and especially in those concerned \rith 
pneumonia, respiratory failure, and congestive 
heart failure. There is some evidence that Isuprcl, 
Priscoline, and rauuolfia derivatives may lower 
pulmonary vascular resistance. 
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of serotonin , a nd hepai 
dole tor ttiis effect. 

In certain tropica! regions schistosQmiasi i_with 
o bstnictive inflammation of the pulmonary vessel s 
is a common cause of cor pulmonale. This disorder 
is occasionally seen in the United States in immi- 
grants from Puerto Rico or other tropical re- 
gions. 

Chest deformities m ay produce heart failure 
witliout significant parenchymal disease of the 
lungs. Wien there is extreme obesity , hypoventila- 
tio n IS tlic major factor. (n. 152i). Kyphoscoliosis 
causes interference with gas exch.mgo p lus turbu- 
le nt flow throu g h distorted vess els. 

There is a serious disorder known asj^pnrna^ 
pu lmonary hypertension” which i s as $Qcia t«i wu u 
incre ased Tcsistmce of unknouTTcau se. Most of the 
patients are young women vvho~^a\’e recently 
passed through pregnancy. . M ultiple embolism of 
the sma ll pillmo na T^» hmnchpt , possthly ttii^ to 
amni otic fluid, has been considered by some ob- 
servcK to he Ac responsible factor. 

Pa ssive cong estioa of the lungs also tends to 
el evate resista nce. Asiae trom Uitf mtchanical im 
crease of pulmonary capillary pressure due to left 
vcotricular failure or to mitral stenosis, there is 
some evidence that congestion of one portion o f 
the Jung leads to refl« varoc^nstriction in qiIiot 
ar eas JH owever. tlie quantitative s'l^iCcanw of 
such a reflex effect is not established. 

Incrcased.iml monart/ blood H ow may result from 
a noxia , which thus has a douEly harmful effect 
because it also produces constriction of the arte - 
rioles.-Aci ite respiratory infections n^t only may 
aggravate anoxia but also tend to iricrcase cardiac 
output because of fever, t achycardi a, emotiona l 
stress, and the el evation of m ^a bdli^ i ncidenUo 
laEoreiTbreathing,^ 

Those con genital anomalies as sodated wlh 
lef t-to -righLs hunt s (p 14231 may produce striking 
increase in blood flow through the lungs, and this 
m turn tends to lead to slowly progressive and 
eventually irreversible thickening of the smaUer 
branches of the pulmonary arteries. 

The precise quantitative significance of these 
several factors which increase pulmonary arterial 
pressure varies according to the type and severity 
of tlie underlying disease process. 

Clini cal ManifcstationS uTlie signs of the pritnani 
urulerlijmg dis order u ; iU naturally vary according* 
to whether emphysema, infiltration of the lung, 
chest-defonnit^ or extr eme obesity (t he Pi clcwicK- 
lan syndrom^ is responsible. In the absence of 
manifestations of some such underlying disorder, a 
patient presenting evidence of cor pulmonale 
should be subjected to the most careful search for 
some possible area of cl inically si l ent ven ous throm- 
‘,\’*'.,J>osis from which emboli might hiwe aiisCT. 
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believed to be an anli- iTie second group of phenomena, whicli are 
characteristic of pulmonary heart disease, are ifie 
si gns of right ve’tli'.i cularjiijp^rtrpplitl (p. 1406). 
This is commonly o verlooked in th ejfiray.but will 
usually be made apparent by an ^ggernt t d. sy?- 
t olic lift of t he prccordmm or oF t Ke c pigastnc 
area Most of the patients exhibit a narro w siiilfiT 
n I.. i,..,i. ir 1 A\rv fr, _..'iZ.irrrrr~:r.P 


P~j^v«jn_leacl5_ILand_A\3L£P..2ulnmnaIe), amP 
many of tliem display ele ctrocard iopaphfc~5igns o( 
n'glt t ventr icular Ji)T>ertrQpby. 

The signs of anoxia arc often pronounced. Thus 
cyanosis is more striking than in other patients with 
right ventricular failure, while c lubbing nF .Jiie 
fingers is relatively commo n, as contrasted to its 
ranty in patients with other tj'pes of acquired he-irt 
disease. M arked fatigabil ity is usually present, 
and dr ow'siness j s pronounced in the advanced 
stages. 

A few of the patients exhibit the cVmtcal pits- 
nomenn of eipi'nti^d^cardlar^o iifjyut. wiUTaTwge 
pu lse pressu re, lo ud heart sounds, a nd «aggerafei 
pe ri^erarpuUa lions. These signs are moslTIPSy 
to be seen in th e p resence of anoxia or of fever and 
in Patients with minimal or no^gns ot cOTg esfa'i^ 
f ailure . 

The manileUntinns oi r!ghf ocnirictdar fal hfj^ 
due to any one of this group of disorders are esseri’ 
tially the same as those due to other causes (p' 
1381) 

Natural History and Prognosis. The outlook d^* 
pends on the cause and on the physiologic disturlp 
ances \Vlien a reversible co ndition, such asjjrg^ 
long ed severe asOima, is^ at fault, complete recovery 
may occur. Acute cor ‘pulmonale due to a sing!®' 
m-assive embolus may likewise be followed by com- 
plete recovery if the patient survives the initisJ 
insult. 

Regardless of the underlying cause, bronchi? ! 
obstnictisn, inf ection, a noxia, and t he in creascg 
bl ood viscosity du e to polycythemia are partiall y. 


reversibleJn^^stlnstanccs. 

The 5ubacuteJypo^'t]ie disorder is most lAel)' 
to occur when there is some mpjdly.plfi^^jj^' 
disease such as miliary carcinosis or tiibcrculosj ^' 
a spreading tiingous inlcction r or progressive j n* 
t erstitial fibrosis U nless the underlying cause 
subject to therapeutic control, such patients usual!)’ 
ejqrire within a few weeks. 

Once right-sided failure has appeared as ih® 
result of primary pulmonary hypertension , the outl. 
l ook is also crave. Such individuals rarely live 
_more than a year or two. , 

The most common clinical picture is that ot 
rfironic cot pulmonale due to bronchitis and.cm^ 
jmvsema . In these individuals heart failure occur* 
at first only when tbere'f? a complicating respira- 
tory infection and improves as this is conlrolled 
After some years of such an intermittent couise* 
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the patient ma y expire either of . p iilmn nar y or. of 
cardiac failure,. However, even with advanced em- 
physema, complicated by failure of the right side of 
the heart, vigorous treatment \yill ‘often“rcsull in 
rem arkable improvement in a p aSent who at first 
appeared to be hopelessly ill (p. 1573). 

Diagnosis. The chief problem is the separation 
from right ventricular hypertrophy or failure, due 
to pulmcmaiy hypertension caused by mitral steno- 
sis or by failure of the left ventricle. When con- 
genital disorders can be excluded, th e presence of 
uie typical matufestations ot anoxia,' i e., excessiv e 
fatigue, cyanosis, polycythemia, and cluSBi'ng ot 
the tingefs7co nst itutes strong evidence in fa^y of 
c or pulmonale as compared to oth er types of-ae- 
qui red heart diseas e. Other valuable guides are the 
history of lon g-standing cough , c linical or x-ray 

S ’ lom ena pointing toward emphysema , e xtensive 
_ _fatlve or fibrotic disease_Qf theTungs. the r^- 
t ively small hea rt, an d tile absence of clinical, ele^ 
t rocardiographic, and radiologic evidence ot lef t 
x-e ntrieular hyner^o phy. Car bon dioxide retentio n 
is the ru le in patients u'ith wr pulmonale duetto 
emphysema or chest deformities but is usually ab- 
sent when other conditions are responsible. 

Th e arm-to-tongue circulation time is likely to be 
prolonged in both c^ditions, but tlie abnormali ty 
a ffects partictuacLV Uie dcth-tO-lung time in the pa- 
tient with cor nulmonale, who may have a no rmaj 
I ung-to-tongue, time because the pulmonary vascu- 

I rtf-hed nnf widened ^ 

IVhen p ulmonary heart disease is caused bv an 
in filtrative^ tibrotic disor der, total vital capacit y 
i s likely to he more reduced for a given degree of 
dyspnea than in the case of an individua l mth pul- 
monary congestion due to left ventriculaT'Kuure 
or to -mitral stenosis. On the other hand, when em- 
physema or some other basically obstructive dis- 
order is mainly responsible for cor pulmonale, the 
total vita l cap acity* may be rela t ively high^ even 
though the timed vital capacity and simitar meas- 
ur ements ar e reducect as compared to comnarably 
se vere cardiac dyspnea secon dar y to pulmona ry 
cong estion. . 

The considerations which are important in the 
differentiation of cor pulmonale from those excep- 
tional instances of mitral stenosis, in which a dear 
diastolic rumble is lacking, have been considered 
in some detail on p. 1438. 

P ain resemblin g that of angina pectoris in its 
relation to exertion is not uncommon-in-patients 
with cor pulmonale. The d uration may be much 
longer, and episodes lasting for several hours may 
6<^r and be contused Tvltlnnyocardial intarciim. 
Although this type of~ pmn reSpOtids ~noorly '~Rr 
nitroglyce rin, it is probab ly relate to isch emia^ ot ~ 
th e right ventricle, induced by diminished s>'itoE c 
perfusion^as the result of the abiiornial~3twatidn 
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of the intramural pressure in tills chamber (v. 

33). " ■ 

AtLicV^^f-sj'ncopc-arc.jiot^un^usual in patirats 
" witfijcor pulmonale and with thejixceplion of heart' 
~^block and aortic stenosis are more frequent than^ 
xvidTothcr types of acquired cardiac disease. ' 

In summary, it may be said that the diagnosis of 
cor pulmonale will usually depend on the demon- 
stration of clear evidence of diffuse pu lmonary dis- 
case in association with the signs oTanoxia, of right 
ve ntricular hypertrophy, and of syste mic_cong£5- 
tion. 

Treatment. The principles involved are (1) pre- 
vention and vigorous management of chronic and 
recurrent acute respiratory irifections (p. 1576); 
(2) use of bronchodilator drugs, expectorants, 
steam inhalab'ons (p, 1574), enzymes to thin spu- 
tum, and, under appropriate circumstances, of ster- 
oids; (3) management of anoxia and of hyper- 
capnia, with due consideration of the dangers of 
aggravation of these disturbances by morphine and 
other respiratoiy depressants (p. 1575); (4) reduc- 
tion of blood viscosity by venesection when the 
hematocrit is greater than 50 to 55 per cent; (5) 
management of congestive heart failure xvith digi- 
talis and diuretics (p. 13$6); and (6) utilization 
of mechanical aids to breathing when such adju- 
vants ate needed {p. 1578), Each of these thera- 
peutic problems is discussed in detail in other 
chapters, and especially in those concerned with 
pneumonia, respiratory failure, and congestive 
heart failure. There is some evidence that Isuprcl, 
Priscoline, and rauwolfia derivatives may lower 
pulmonary vascular resistance. 
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PULMONARY DISORDERS 

aVJ due to inhalation 

OF NOXIOUS AGENTS 

George W. Wrig^tt 

AIR POLLUTION AND LUNG CLEANSING 
Thai the air enNironment of specific work places 
may constitute a potential health hazard has long 
been recognized. The health hazard posed by 
urban air pollution and airborne infection has be- 
come a matter of increasing concern because of 
clianging Industrial practice, augmented use of 
petroleum products, and an increasing population 
density. Chronic bronchitis in England has been 
shown to be more common in urban than rural 
popuLitions and far more common over all than 
in countries where home heating and industry cast 
fewer soLds into the air. Cancer of the lung Is 
statistically linked with population density and “air 
pollution.’* An augmented population density brings 
with It an increased discharge of incompletely 
burned automobile as well as home heating fuels 
and an increase in the number of persons exposed. 
The fumes of burning cigarette tobacco, an intense 
form of local air pollution, is linked statistically as 
a cause with both lung cancer and chronic bron- 
chitis. The incidence and spread of airborne infec- 
tion have been shown to be related to population 
density. Information regarding these extremely 
complex problems Is meager and daily leads to 
conflicts of interest based on misinformation by 
both the laity and physicians. In spite of our com- 
parabve ignoranre concerning important detaOs of 
these problems, some valid information does exist 
which IS of practical use to the physician in evalu- 
ating these health hazards. 

Three facts e.xplain why we survive so xvell 
under circumstances which, on superficial exami- 
nation, one would think should cause grave conse- 
quences. The first of these is that, because of 
certain physical diaracteristics of airborne particu- 
lates, many never have an opportunity to enter the 
respiratory onfices or penetrate into the deeper 
parts of the lung. Secondly, the body possesses a 
remarkable .ability to rid itself rapidly of particles 
deposited within the lespiratoiy system. Third, 
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many things that arc inhaled arc biologically inert. 

Partides discharged into still air will settle out 
with a speed dependent upon diameter, shape, and 
density. For e-xample, quartz partides 200, 50, and 
10 |L in diameter have a terminal settling velocity 
of 100, 20, and 0.5 cm per sec, respectively. It is 
apparent, therefore, that only partides of a size 
smaller than 10 fi stay suspended long enough to 
move very far from their points of origin. The bulk 
of heavy, visible industrial dusts are larger dm 20 
H in diameter and settle out rapidly. Of great im- 
portance is the fact that partides smaller than 03 
H in diameter tend to remain permanently ak- 
bome. Smokes are generally in this latter class 
Partides larger than 0.3 n in diameter move only 
by virtue of motion of the air in which they are 
suspended, whereas those smaller than this tend 
to diffuse like gases. Because air is virtually never 
"stiU,“ there is constant mixing with progressive 
dilub'ons of contaminated by uncontaminated air. 
It is obvious that polluted air is being constantly 
changed in its character so that the farther one is 
from the source of contamination, the smaDer and 
the fewer the partides in the air will be. 

Of the particles present in the air entering the 
nose, those larger tlian 10 n arc almost completely 
removed along with 10 to 20 per cent of the 
smaller particles (down to a fraction of a micron) 
during transit from (he nasal onfice to the larynx 
The deposition within the nasopharynx occurs by 
reason of the effects of gravity, direct impinge- 
ment, and to some degree, electrostatic preeipite- 
lion. Particles smaller than 10 /x penetrate 
larynx, but of these (he larger ones are deposited 
on the surface of the bronchial system, with the 
net effect that 80 per cent or more of all particles 
larger than 3 /i are deposited in the upper respira- 
lory tract. The smaller the size of the particle, the 
farther it tends to penetrate tlie air passages. Tlio« 
larger than 5 (i penetrate deeply only in smaB 
numbers, while those smaller than 1 fi make up the 
majority of those penetrating farthest and in largest 
numbers. 

Mass movement of air probably does not extend 
to the alveoli, and perhaps not even to the respim* 
toty bronchioles. This means that practically all the 
deposited particulates larger than 0 3 jv fall on the 
mucociliary apparatus of the nose, pharyax, and 
tracheobronchial system. This remarkable appara- 
tus comprises the surface of the area from the 
respiratory bronchioles up to and from the nasal 
orifice dovvn to the oral pharynx. There is a con- 
slant movement of the mucous escalator toward the 
oral pharj-nx at a speed sudi tliat p.articles de- 
posited anyplace on that surface re.ach the ow 
pharynx in less than 30 min. Tlie material brought 
to the oral pharynx is either sw.iIlovvcd or expec- 
torated. 
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Some particles of all sizes do reach the alv^li 
anti nonciliated air lubes, though the majority are 
less tlian 3 fi in diameter. The effects of gravity 
on larger particles and diffusion of submicroscopic 
particles account for this deposit. What is their 
fate? Nfost, and perhaps all. arc ultimately phago- 
cylized by macrophages. Recent studies indicate 
that the majority are soon engulfed, and the loaded 
macrophages then move out onto the mucociliary 
escalator u’here they are subsequently disposed of. 
This process tabes days rather than minutes. Some 
of the loaded macrophages apparently move into 
the interstitial tissues of the lung and thence via 
the Ijinphatics to the regional and more distal 
nodes of the Ijanphoid tissue or even into the blood 
stream. This process takes months. Naked particles 
can be seen upon the alveolar surface and in the 
interstitial tissue, a fact that has led some to be- 
lieve that these particles move through the alveolar 
membrane by purely mechanic.”!! forces. It has been 
shown that particles taken up by macrophages may 
be discharged from or left behind by death of the 
macrophage only to be taken up again. This seems 
a more reasonable e:rplan3tlon of the naked par- 
ticles seen within the interstitial tissues. 

The clearance of particulates from the lungs has 
been extensively studied by using radioactive mate- 
rials. The time course of removal of inhaled par- 
ticles indicated above has been conilnned. As 
Nvould be expected, on the basis of the preceding 
discussion, particles larger than 1 /t are almost 
completely removed in hours, smaller particles in 
days, and there is a sm.nll residuum that remains 
permanently. 

Thus far, the fate of inanimate particulates has 
been discussed. WTiat about living particulates? 
Evidence in this regard is meager. Fungi, bacteria, 
and \iruses can become directly airborne by sneez- 
ing, coughing, and other subtle waj's of creating 
aerosols. The indiWdual droplets making up Uquid 
aerosols are rapidly dehydrated, leaving behind 
droplet nuclei composed of the organisms and pro- 
teinaceous material. The size of these airborne 
droplet nuclei varies between 0.1 and 3 0 /t. These 
could be expected readily to penetrate into the 
sublaryngeal parts of the respiratory tract. Cbnsld- 
erii!g the number of persons who sneeze and cough 
and contaminate the atmosphere w'th respirable 
sized particles, why are the deeper parts of our 
lung stenlc and why is transmission of infection 
relatively infrequent except under certain circum- 
stances? Infection depends upon the number of 
viable organisms inhaled, the -duration of residmice 
within the body thus pcrmilting time for propa^- 
tion, and the favorableness of tbe environment 
where the organisms arc deposited. These are com- 
plex factors, especially the third one. Organisms 
suspended in the relatively unfavorable enviion- 


ment of ambient air show great variation of viabil- 
ity; spores live a long time, but some bacteria sur- 
vive less than a minute. The number of living 
organisms in the inhaled air will, therefore, be 
highly dependent on the proximity of the inhaler 
to the dispenser. Hence, crowding of populations 
is a prime factor in airborne spread of disease. 
Since many droplet nuclei are larger than 1 n, the 
majority will fall on the mucociliary escalator and 
be removed too quickly to permit colonization. Be- 
cause of macrophage activity, plus mechanisms of 
immunity and perhaps direct antibacterial sub- 
stances such as lysozyme, the human respiratory 
tract presents an adverse environment for propaga- 
tion of living particulates. 

The ability of the lung to cleanse itself is main- 
tained at a high level of efficiency in normal per- 
sons. Precise quantitative data relating total depo- 
sition to permanent retention are not available. 
Analysis of the lungs of hard rock miners after 
more than 30 years of work usually reveals no 
more than 5 Cm of silicon dioxide as having been 
retained m the total lung tissue. On the basis of 
reasonable calculations, it can be assumed that -such 
workers may have inhaled 500 Cm or more of 
silicon dioxide during this entire period. An upper 
limit of permanent retention of approximately 1 
per cent seems reasonable but may be in consider- 
able error. In any event, it gives a rough estimate 
of the effectiveness of the cleansing mechanism 
under circumstances of rather high loading. 

If the cleansing capacity of the lung is so great, 
one can properly ask why it is that disease ever 
develops. That the inhalation of biologically inert 
materials fails to cause disease is easy to under- 
stand in the light of the fact that the material is 
inert and so little is retained over many years of 
exposure. It seems reasonable to assume, however, 
that whenever biologically active particulates of 
either inanimate or animate materials can accumu- 
late In sufficient quantities in the lung, disease will 
ensue. Tivo factors are thus important. The first is 
that the materials must be biologically active, and 
second, a sufficient quantity must either be retained 
in the lung or be permitted to grow in the lung. 
The following factors are known to favor accumu- 
lation of particulates in the lung. Overloading 
doubtless plays a major role. A strong relationship 
between intensit)’ and duration of exposure and 
subsequent disease has been repeatedly showm in 
numerous different circumstances. The corollary of 
this is that a load considered tolerable for a normal 
may be intolerable for a subnormal cleansing 
mechanism. Anything known to interfere with the 
effectiveness of the mucociliary apparatus or of the 
macrophage system or of immune reactions could 
hence be expected to favor the development of 
disease. Cigarette smoke, sulfur dioxide, nitrogen 
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dioxide, drying, and numerous otlier agents are 
known to impair mucociliary action. When these 
factors coexist in the inspired air with known in- 
jurious particulates sucli as silicon dioxide or 
carcinogenic hydrocarbons, the intensity-duration 
relationship must be augmented. Other factors un- 
doubtedly play a role. For example, the \inis of 
inGuenza is known directly to injure and destroy 
the cells of llic tracheal mucosa, leaving such tissue 
vTilnerablc to infestation and infection by bacteria. 
Infection, cither bacterial or viral, estabbshed in 
the supralaiyngcal regions leads to copious produc- 
tion of secretions of a mucous and serous nahtre. 
Tliese secretions are apt to be loaded with xiahle 
organisms. Normally, swallowing or expectoration 
disposes of these secretions. When, however, the 
pharynx is painful and swallowing is impaired or 
when drugs or sleep reduce the swallowing reflex, 
these bacteria-laden materials may often be, and 
often are, aspirated into the trachea and bronchi. 
The consequent introduction of viable organisms 
in a liquid medium may rapidly overload and im- 
pair the sublaiyngcal mucociliary escalator and 
promote the development of pneumonia or acute 
bronchitis. 

Tlie degree to which permanent impaimienl of 
lung cleansing might follow acute rnflimmatory 
disease of the tracheobronchial system Is not clearly 
laiown. Acute pneumonias caused by the pneu- 
mococcus do not appear to bo foUowcrl by such 
impairment. The same can be said to be generally 
true for chemical pneumonias The abiUly of Ibe 
respiratory apparatus to regenerate normal func- 
tioning tissues after repeated acute injury is prob- 
ably great. 


TYPES or RESPONSE 

For centuries it has been recognired that certain 
particulate substances cause no untoward effects 
even when inhaled for many years, whereas others 
may rapidly or gradually cause pulmonary cliangcs 
that vary considerably in degree of severilj' and 
seriousness The number of known pathogenic sub- 
stances continues to increase vvith the recognition 
of previously obscured relationships and with flic 
development of new substances or new situations to 
which men may be exposed. 

The body response to these noxious agents is 
of two broad categories, acute pneumonitis and 
chronic granuloma with fibrosis. The acute response 
miy be immediate or delayed hours or even days 
after the contact; in the chronic form there is, with 
one exception, a history of prolonged exposure and 
a delay in development of the body reaction. Be- 
cause of the trend toward a delayed reaction, the 
inciting cause may be difiicult to discover except 
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by the most painstaking anamnesis. In no other 
category of disease is the past history more iiT|. 
portant and at the same time apt to be so poorl\ 
explored. Most physidans luive little contact wntii 
and knowledge of specific working conilitions in 
industry and, hence, they are likely to be ill pre- 
pared to take an occupational history. No occupa- 
tional history is adequate untG the activities and 
surroundings of tlie patient during every year of 
his life are accounted for and the potential for 
hazard of each specific occupation is known. 

Acute Reactions. The acute pulmonary infiirios 
usually arise from the inhalation of irritant, vTsica. 
foty, or necrotizing gases or fumes. Certain gases 
have an immediate powerful irritating action which 
Is charnctecized by lachrymation, burning and pain 
of the nose, pharynx, and trachea, and by severe 
cough. Strong concentrations may cause such sc. 
verc irritation ns to bring about prompt cessation 
of respiration, allegedly by laryngeal spasm. If the 
subject survives the immediate effects of the gas. 
pulmonary edema may ensue with subsequent re. 
covety, or death may occur in spite of all efforts to 
provide relief. Other gases, for example, the nitrous 
fumes of detonated blasting powder or burning 
celluloid, may not cause such severe immediate 
reacb'ons as to be unduly alarming, hut after a 
delay of several hours, die patient may rather rap- 
idly develop severe respiratory distress, cyanosis, 
and shock, with all the signs of pulmonary edema 
and evudate. Because serious dc!a)’ed reaction is 
possible. It is wise to keep all persons who have 
been exposed to unusual concentrations of the irri- 
tating gases under close scrutiny for at least 24 hr. 
Some degree of inflammation and necrosis of tissue 
alwaj's occurs foGowing severe pulmonary rcac- 
lions, and during this period, the lungs arc un- 
usually susceptible to bacterial infection. Becover)' 
may occur by resolution of die edema ami infljm- 
maloiy products or by fibrous replacement. Com- 
monly there are no recognizable residua or se- 
quelae. 

That certain gases act primarily on the upper 
respiratory tract, whereas others affect chiefly the 
deeper structures of the lung, is partly altributahio 
to their varjing solubility in water. Ammonia, for- 
raaldehjxle, hydrofluoric and hydrochloric acid 2 ^ 
so soluble as to attack the first moist surface vvilh 
which contact Lx made. The concxmtration of these 
cliemicals in die air going to the deep parts of the 
lung fs thus reduced to some extent on the vvay 
through the upper passages, and pulmonary injury 
is lessened. In contrast, nitrogen dioxide (nitrous 
fume), phosgene, and cadmium oxide fumes are 
relatively less soluble and hence less irritating to 
the upper respiratory tract. Tlicy can be respired 
witliout great discomfort and reach the deeper 
parts of the lung in atmospheric concentration that 
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may be exceedingly injurious. The reacUon to tliese 
chemicals is delayed but often far more serious 
tlian that to those causing more immediate discom- 
fort. In fact, the lack of distress immediately upon 
inhalation makes these gases especially dangerous. 
Midway between these two groups in solubility 
and action are sulfur dioxide, the halogens, and 
hydrogen sulfide. 

Treatment of the acute reaction depends little or 
not at all upon the rccogriition of the specific 
noxious agent responsible for the event. Therapy 
is directed first at overcoming the alterations of 
physiology'. Shock must often be combated. Oxygen 
in concentrations of 50 per cent or more is im- 
perative. There is hide scientific support for the 
use of positive pressure by mask although a priori 
reasoning has prompted its use. Practical experi- 
ence has shown that physical struggle and unrest 
may cause sudden death. If positive pressure dur- 
ing inspiration makes breathing less of an effort 
and IS tolerated without restlessness, it is not con- 
traindicated c.xccpt in shock. In the hypotensive 
state due to poor venous return, positive pressure 
breathing is contraindicated. The use of agents 
whicli lower tJic surface tension of scrum might be 
useful when administered via the airway as recom- 
mended in pulmonary edema of circulatory origin, 
but the author has no information on this point. 
Sedation is very important. Bromides appear to be 
preferable to barbiturates. Morphine is contrain- 
dicated. The prophylactic use of antibacterials is 
recommended throughout the period of pulmonary 
inflammation. 

Otlici relatively acute reactions of the lung to 
inhaled materia) are notew orthy because of the long 
delay between initial contact and the reaction. Al- 
though exposure to high concentrations of a fume 
thought to be anhydrous beryUium sulfate may 
cause a violent chemical pneumonitis in a few to 
72 hr, a much more insidious chemical pneumonia 
(not to be confused with the chronic granuloma 
discussed later) is also known to occur in the 
beryllium e.xtraction industry and in other expo- 
sures where beryllium fluoride and beryllium oxide 
are inhaled. In this reaction, which develops w’eeks 
or even months after exposure begins, the symp- 
toms of dyspnea on exertion, paroxysmal cough, 
substem.il pain, weakness, and weight loss may 
precede the development of any abnormal shadows 
seen in the roentgenogram of the chest by 1 to 3 
weeks. WTien abnormal shadows develop, they are 
characterized by a granular haziness of a diffuse 
patchy distribution which, in some instances, may 
be fluffy in appearance. Tire patliologic change is 
that of a true chemical pneumonia. Treatment is 
the same as for the acute reactions described be- 
fore. This disease is apt to persist for several weeks, 
and treatment must be continued throughout The 
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use of ACTH or cortisone has not received ade- 
quate trial but should be explored. Recovery is the 
rule, but fatalities do occur. 

A rather rare disease brought about by the in- 
halation of bagasse dust has been described in 
workers preparing bagasse from sugar cane or 
using it in manufacture. The true etiologic factor 
is unknown, but its association with bagasse seems 
established, and for the present, the disease might 
be properly included under the heading of this 
ciupter. Weeks to months after the beginning of 
exposure to bagasse dust, the disease makes its 
presence known by severe paroxysmal cough and 
dyspnea. Fever may persist for weeks or roonlhs 
The lung shows evidence of resistance to expan- 
sion. Cyanosis may be present. The white blood 
count is elevated, the polymorphonuclear cells 
forming 70 to 90 per cent of the total. The clinical 
picture is that of a diffuse pneumonia W'hich per- 
sists for weeks. The scant tissue available for study 
shows an interstitial fibroelastic reaction. The pul- 
monaiy roentgenogram shows an abnormal diffuse 
pattern of fine stippling. Recovery’ is slow but usu- 
ally occurs, and few if any sequelae remain. Treat- 
ment is symptomatic. The use of ACTH or corti- 
sone has not been reported. 

Chronic Reactions. As mentioned earlier, the ma- 
jority of the various kinds of material inhaled and 
deposited in the lung cause no tissue reaction 
Particle larger than 10 /x in size are not found in 
the deeper parts of the lung, but those of smaller 
size do reach the alveoli where they are engulfed 
by phagocytes. Soluble particles such as marble or 
gypsum disappear entirely, while those less soluble 
or insoluble particles are carried by the phagocytes 
to the lymphoid collection of the lung and medi- 
astinum and there deposited M.iny of the insolu- 
ble varieties of dust are inert so far as tissue reac- 
tion is concerned and do not cause significant 
fibrosis. The particles of such substances as iron, 
soot, etc., simply remain in the lymphoid tissue 
along the course of the lymphatic and blood vessels 
that accompany the bronchial tree. If present in 
large enough quantities, these inert substances may 
stimulate sufficient proliferation of fibrous tissue 
along the lymphatic channels to cause the shadous 
cast by normal pulmonary vascular m-irkings to be 
exaggerated as to size, density, and projection to- 
ward the periphery. Indeed if the inert material is 
dense enough — as is iron, for example — the con- 
centrated metallic deposits may themselves c.nise a 
shadow easily seen in the roentgenogram. Although 
these inert substances do cause a slight prolifera- 
tion of fibrous tissue in their immediate vicinity, 
the reaction is mild, and there do not appear to be 
any recognizable evidences of interference with 
either the physiologic or immunologic functions of 
the respiratory apparatus from their retention.-In.. 
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contrast to these so-called “inert" particulate sub- 
stances, there are others which when inhaled cause 
definite tissue reaction. 

PNEUMOCONIOSIS 

Pneumoconiosis is a generic term embracing all 
chronic changes in the lung induced by the pro- 
longed inhalation ot dust of a nonlhing character, 
wth no implication as to the type or sevcnt)’ of the 
change. This definition is so broad that the term 
no longer connotes disease. The necessity for some 
such term is obvious when one realizes that only a 
few of the inhalablc substances truly cause a pul- 
monary change that results in sufficient dysfunction 
to warrant the appellation of disease. The pneumo- 
conioses of importance to health are silicosis, as- 
bestosis, coal %\’Qrker*s pneumoconiosis (South 
Wales), pulmonary granulomatosis of beryllium 
workers. Shavers disease, and diatomaccous earth 
pneumoconiosis. Of these, silicosis, asbestosis, and 
coal worker’s pneumoconiosis (South Wales) have 
broad socioeconomic implications In addition. 

Sidcrosis. Siderosis, one of the pneumoconioses 
generally termed benign because it has no demon- 
strable significance as regards health, nevertheless 
has definite economic implications because its pul- 
monary radiographic appearance mimics sunple sil- 
icosis Since it may occur in conjunction with 
industries which also are known to produce silico- 
sis, the diSerential diagnosis is of considerable 
Importance. A detailed history indicating heavy ex- 
posure to inhalation of iron oxide rather than free 
crystalline silica will usually establish the diag- 
nosis WTien pulmonary nocIuJation develops in a 
person who has done welding, oxyacetylenc cutting 
of iron, or mining of hematite in atmospheres heav- 
ily contaminated with crystalline silica particles, 
the differential diagnosis may require lung biopsy. 

Silicosis. Silicosis is a disease of the lungs caused 
by the prolonged inlialation of fine particles (less 
than 5 n) of free crystalline silica (SiOj) in quan- 
tities sufficient to produce the characteristic fibro- 
sis It IS manifested clinically by the development 
of discrete nodules confined to the lung and lymph 
nodes of the mediastinum, by an increased siiscep- 
tibilit)’ to tuberculosis, and by a paucity of symp- 
toms and signs during the discrete nodular phase of 
the disease. Severe evidences of respiratory em- 
barrassment are likely to develop when conglom- 
erate masses and secondary emphysema develop 
in the lungs 

With the exception of .asbestos, the various sili- 
calcs and amorphous siLcas produce little or no 
reaction in the lungs. Silicosis, therefore, is asso- 
ciated only with those pursuits which expose one 
to the inhalation of naturally occurring or artifi- 
cially produced forms of free CTystalline siUca. The 
common form of free silica is qiiartz, which is 
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abundantly distributed in the earth's surface. Min- 
ing, hmneling, rock-cutting, sandblasting, abrasive 
manufacture and use, ceramic manufacture, 
foundiy work, and glass manufacture are among 
dtose industries associated in certain jobs with the 
production or handling of finely divided free crys- 
talline silica. Not all jobs or locations in these 
industries expose the worker to hazardous quanti- 
ties of silica. For example, coremakers in most 
foundries have little exposure to silica, whereas the 
sand reconditioncr or shake-out operator may have 
considerable. If, however, the coreroakcr works in 
a common room he may be exposed to an adjacent 
silica hazard. One can readily understand that an 
occupational history disclosing only that the occu- 
pation was miner or foundryman is entirely inade- 
quate. Intimate knowledge of the job, working 
place, duration of various jobs, and even the actual 
place in which the work is done is an absolute 
necessity. Anything less provides inadequate data 
on which to evaluate the exposure of a given indi- 
vidual. 

The silica particles that enter the alveoli and 
respiratory bronchioles arc 10 or under. Most 
visible dusts arc made up of particles larger than 
this. It has also been shown that silica particles 
between 5 and 10 n act only as a foreign body and 
that the active or fibrogenic component of hazard- 
ous silica dust is 1 to 5 Many e.xtremely “dusty" 
atmospheres as tested visually are reiuly quite 
harmless so far as the lung Is eoneemeil The 
reverse may be equally true, some very harmful 
exposures being where there is little visible dust. 
The occupational history must therefore eliat in- 
formation about particle size as well as about the 
chemical nature of the dust. 

It has been amply demonstrated that the total 
number of particles of hazardous size inhaled is an 
important consideration in determining the severity 
of pulmonary injury. Contrary to popular belief, 
the black native labor of the South African gold 
fields has a relatively low incidence of silicosis. 
This is thought to be attribut.able to the fact that 
the individual usually works only 9 to 18 months 
underground. The whites working in the same 
areas have a much higher incidence because they 
are employed on a long-term basis. 

It is obvious from these considerations that the 
size and concentrations of hazardous particles and 
the duration of exposure ore important determi- 
nants of whether or not silicosis \«ll develop in a 
given individual. Tliere is also a factor of individ- 
ual variation that is related to the effectiveness of 
the Individual's “air filter'* and lung-cleansing 
mctdianism There is acceptable experimental and 
clinical evidence to show that, when the reticulo- 
endothelial system of tivc Ivmg is saturated with 
inert foreign raafenal, less than the usual amounts 
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of silica will produce silicosis. This has an ob\ious 
practical implication. 

Experience has shown that dusts containing 
fewer than 5 million particles of free silica 10 j* or 
less in size per cubic foot will rarely cause sQicosis 
in the norma] working span of a man. Concentra- 
tions above 100 million are considered very unsafe 
for more than a few months of exposure. Under 
most working conditions of the past, it took 10 to 
20 years of exposure to produce recognizable sili- 
cosis. Exceptional circumstances have been re- 
ported where unusual exposures of 2 or 3 years* 
duration produced the disease. Men exposed ap- 
proximately a year to high concentrations of vir- 
tually pure silica dcNclop a nonnodular change 
ha\’ing more the appearance of a chemical pneu- 
monia. 

In most occupations, the inhaled dusts are a 
mixture of silica and other substances. There is no 
doubt that these accompanying dusts, as for ex- 
ample gypsum or iron, are capable of modifying 
the activity of the silica in such a way as to dimin- 
ish and delay its fibrogenic action. In the experi- 
mental animal, finely divided aluminum hydrate 
and '‘metallic” aluminum have both been sho>vn 
capable of so modifying the action of silica as to 
prevent the development of significant fibrosis. 

After the silica particles teach the alveoli, they 
are picked up hy phagocytes. These migratory celb 
cany their engulfed particles to regional lymphoid 
clusters and to the large nodes of the hilum and 
mediastinum. The actual process Nvhereby the sflica 
particles stimulate cell piolifeiation and fibrosis is 
unknown but appears to be a physicochemical 
process associated wth surface phenomena. In the 
areas where the particles accumulate, fibroblastic 
proliferation and hyaline formation produce nod- 
ules of a characteristic whorled appearance. At 
first these silicotic nodules are found only in the 
larger lymph nodes; but as lymph drainage be- 
comes progressively more impaired, the particles 
accumulate in the peripheral lymph channels along 
the course of the blood vessels, especially those of 
the pulmonary artery. The tissue reaction in these 
areas gives the vessels a beaded appearance ivhlch 
can be recognized in a pulmonary roentgenogram 
but not differentiated from the beading caused by 
dusts which are entirely free of silica As more and 
more silica is accumulated in the periphery of the 
lung, the tissue reaction increases to form nodules 
which alone or by merging with other nodules 
achieve a size and density sufficient to cast a 
shadow on the roentgenogram. Reconstruction of 
the nodules in man has demonstrated that they 
usually form around, compress, and finally close off 
a blood vessel of the pulmonary artery tree. Around 
each nodule there is a zone of dilated air spaces 
described as focal emphysema. At this stage the 


nodules are discrete and comprise a relath-ely small 
amount of the total lung tissue. The lung betw'een 
the nodules has a normal appearance. This stage of 
silicosis has been categorized as simple discrete 
nodular silicosis. Some subdivide this group on the 
basis of the size of the nodules seen in the roent- 
genogram. 

In many individuals, the reaction does not pro- 
gress beyond tlie discrete nodular stage. In others, 
large irregular masses of very dense fibrous tissue 
with irregular radiating strands develop. As a rule 
this occurs in the upper parts of both lungs. In 
adi'anced stages the entire upper part of both lungs 
may be a dense shrunken mass of fibrous tissue 
firmly adherent to the chest wall, with the low’er 
parts of the lung the site of severe diffuse emphy- 
sema. In some instances, it appears that these 
masses form by a shrinking together of the long 
and conglomeration of the nodules. In others, there 
is little shrinkage but rather an extraordinary pro- 
bferation of fibrous tissue. When massive or con- 
glomerate shadows appear in the roentgenogram, 
the disease is categorized as complicated or con- 
glomerate silicosis. Rarely the conglomerate form 
appears Avith little or no discoveraWe accompany- 
ing discrete nodulatJon. 

Histologic study reveals that, in GO to 70 per 
cent of those persons exlilbiting tlie conglomerate 
form of silicosis, evidences of tuberculosis can be 
found associated with the pulmonary masses. In 
the remainder, nontubcrculous infection may have 
played a role in causing the intense proliferation of 
fibrous tissue. It seems logical to believe that pre- 
vious nontuberculous infection may so damage the 
self-cleansing mechanism of the lung that unusual 
amounts of silica are likely to be retained at tlic 
site of previous infections and thus cause unusual 
fibrotic response in these areas. 

The diagnosis of silicosis requires that one see 
nodulation characteristically distributed throughout 
the lun^ in the roentgenogram, that other causes 
of the nodular pattern be ruled out, and that a 
history of exposure to the inhalation of free crys- 
talline silica of particle size and amount capable of 
causing the nodular fibrosis be obtained. These 
reqiurements may seem unduly strict in view of the 
fact that a histologic stage of the disease must pre- 
cede die clinical manifestations. The tendency to 
make a diagnosis of silicosis solely on the basis of 
a history of exposure to silica is certainly not real- 
istic, because in actual practice the majority of 
persons so exposed never develop clinically sig- 
nificant evidences of the disease. To make the diag- 
nosis on the basis of a positive occupational history 
and the presence or development of exaggerated 
bronchovascular shadow’s will lead to frequent false 
diagnoses. Many persons who hai'e inhaled non- 
^ica dust and some rvilh no history of any dust 
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exposure at all will be found to have markedly 
exaggerated bronchovasciilar markings. To require 
nodulation demonstrable by roentgenogram in 
order to establish a diagnosis is justifiable botli 
from a medicolegal point of view and from that of 
the person’s health since no clinical significance is 
attached to the prenodular stage of sib’eosis. 

In the simple discrete nodular stage of silicosis 
there are few related symptoms. Numerous investi- 
gators studying silicotic persons from several in- 
dustries have found only slight evidences of 
impaired cardiorespiratory function. Many sili- 
cotics show entirely normal measurements during 
this stage. In otliers there is a moderate reduction of 
maximal breathing capacity and an absolute in- 
crease of residual air. These findings are evidence 
of slight diffuse obstructive emphysema. When 
conglomerate masses develop, these evidences of 
emphysema are likely to become more severe and 
may lead to complete respiratory crippling. In the 
simple discrete nodular stage there is no impair- 
ment of gas diffusion behveen the atmosphere and 
pulmonary blood. In the conglomerate stage, poor 
mixing and distribution associated with emphysema 
lead to a lou’ered alveolar pOj, and some degree 
of arterial hypoxia may develop during exercise. 
The physiologic abnormalities of conglomerate sili- 
cosis are caused primarily by the diffuse obstruc- 
tive emphysema which accompanies this stage of 
silicosis. The complaint of e.xcitional dyspnea is 
due almost entirely to a reduction in the ability to 
pump air Into and out of the lungs. At this stage 
tlie cllnicsil symptoms in addition to dyspnea on 
exertion are cough, expectoration, chest pain, and 
weakness Cor pulmonale is a late complication and 
is the cause of death in many instances. 

Discrete nodular silicosis appears to be progres- 
sive for a year or two after the individual is re- 
mov’ed from exposure but dicn stabilizes, and life 
expectancy appears normal. The conglomerate 
form progresses slowly even after removal from ex- 
posure, and life expectancy is diminished. 

Tuberculosis is the most feared complication of 
silicosis. Some individu.als having simple discrete 
nodular silicosis may develop active tuberculosis, 
the characteristic infiltrates or cavn'lies going 
through the conventional pattern that eventuates 
in subsequent spontaneous healing. This combina- 
tion is best referred to as silicosis with tuberculosis 
and IS reported to respond favorably to ontibac- 
tcri.ll therapy for tuberculosis. More often than not, 
however, active tuberculosis is prone to pursue one 
of three courses in the person with silicosis. In tlus 
unusual circumstance of a primary or hematoge- 
nous infection occurring in lungs already the site of 
silicosis, one finds that Uie peripheral rone of the 
silicotic notlulc Is a preferred site for the devel- 
opment of the tuberculous lesion. Prevfously sliaip 
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bordms of the shadow of the nodule in a roenl- 
genogram become blurred, and the nodule enlarges 
The tuberculous process proceeds with cnlianced 
speed and practically always ends fatally. Reactiva- 
tion of a preexisting tuberculous foais or the oc- 
currence of exogenous reinfection may lead to 
rapidly developing cavitation. The dise-ise mav 
thtm become widely disseminated and will run a 
rampant and fatal course. In these tw'o tjpes cf 
reaction, the tuberculosis is tlie most prominent 
feature. Spontaneous recovery is so unusual and 
tlie clinical course so adverse that this modifica- 
tion of tuberculosis warrants the designation of 
silicotubcrculosis. 

A third combination occurs when silicosis and 
tuberculosis exist together in such a way as to 
produce massive fibrosis. The presence of con- 
glomerate shadows in the silicotic person is as- 
sumed on stabstic.'U grounds to indicate compli- 
cating tuberculosis, although tuberculosis can he 
prov^ in only about 70 per cent of the cases. 
The silicosis and tuberculosis both arc modified to 
the extent that they produce massive fibrotic con- 
glomerates in which silicotic nodules and the 
granuloma of tuberculosis can be recognized hLdo- 
logically, amical))' tlic tuberculosis is modified by 
blaming very Indolent and losing all or most of 
its invasiv'e and disseminating character This com- 
bination is termed tuberculosiJicosis and can nisi 
for many years with few if any symptoms oihet 
than cough and dyspnea on exertion 

Anlhracosilicosis is n variant caused by tlie In- 
halation of a mixture of coal dust and free ctystal- 
line silica. In essence its course is very similar to 
convcnbonal silicosis. It appears that emphysema 
may develop earlier and be more of a complication 
m the simple discrete nodular phase in anthra- 
cosilicosls. 

The type of pathologic process which character- 
izes silicosis affords little hope of any form of 
effective treatment for the patient having well- 
established disease. Prevention by adequate con- 
trol of all dust hazards is the answer to the prob- 
lem Aluminum powder has definite propliyiict''^ 
action In anim.ils, and presumably would also be 
effective in human beings unavoidably exposed to 
silica. No critical data on this point are available. 
Aluminum by inhalation has been recommended 
and tried as an agent to relieve the symptoms of 
silicosis. Critical data fail to support Its effective- 
ness except as a fonn of psychotherapy. IVhen 
active tuberculosis is a complication, nntimicrobia 
therapy may be effective in the discrete nodular 
stage but has little if any influence on the massiv'c 
conglomerate stage. Experience suggests tliat in iho 
simple discrete nodtil.ir stage continuetl cmploj’ 
mcnl Is well tolcr.«tt‘d. It has been argued that i" 
the conglomerate stage physical work is deletcn- 
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ous. No critical evidence bears on this important 
point. The silicob'c man shoiJd of course be pro- 
tected from any addib'onal silica hazard in the 
environment. 

Coal Worker’s Pneumoconiosis. Exposure to the 
inhalation of coal dust without substantia! quanti- 
ties of silica appears to be rare, at least in the 
United States. Because of this and the fact that 
pure coal dust or carbon inhalation ly animals pro- 
duced no reaction similar to silicosis, it has been 
accepted that the nodulation and conglomerate 
masses seen in coal miners is in reah'ty a modified 
form of silicosis. Recently the Pneumoconiosis Re- 
search Unit of Cardiff, South Wales, has reported 
studies strongly suggesting that in the miners of 
that area pulmonary injury occurs from the inhala- 
tion of coal per se rather than from the inhalation 
of silica. Histologic studies show that the earliest 
change is the deposition of pigment in a stellate- 
shaped discrete macule about which is a zone of 
emphysema. There is a delicate network of reticu- 
lar fibers in these pigmented areas, but character- 
istically there is no hyaline deposition or extensive 
fibrosis such as typifies the silicotic nodule. These 
macules with their zone of focal emphysema are 
numerous and scattered throughout both lungs. 
This stage of the disease is categorized as simple 
pneumoconiosis of coal workers and is recognized 
in the roentgenogram by liny nodulations which 
may coalesce into larger nodules or mottlings. The 
disease remains at this stage if no further exposure 
occurs and Is characterized by a lack of symptoms. 
Physiologic studies show little or no abnormality 
of function in Spile of the focal emphysema. When, 
as happens occasionally, a person %vith evidence of 
severe emphysema is seen at this stage, a nonindus- 
trial or spontaneous origin of the emphysema must 
be strongly considered. 

In certain cases of simple pneumoconiosis, ir- 
regular, large localized masses appear and progress 
in size. Tlds stage is termed progressioc massive 
fibrosis or complicated pneumoconiosis of coal 
workers. This stage is thought to be caused by' 
coexistent infection, and tuberculosis is implicated 
in a high proportion of the cases. As the massive 
fibrosis develops, severe obstructive emphysema 
usually but not abvays becomes apparent 

It is of interest that tliis entity so closely psiral- 
Ids conventional silicosis, differing chiefly in that 
the focal emphysema is said to be more severe and 
the degree of fibrosis much less severe in the simple 
uncomplicated stage of coal worker's pncumoconl' 
osis than is true of silicosis. Also, a high incidence 
of active tuberculosis and its rapid progression have 
not been reported in coal worker's pneurooconioris. 
Typical cliangcs have been reports in coal trim- 
mers where silica exposure is considercsl nonex- 
istent, hence the conclusion that they arc Uic result 
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solely of coal dust. There is a divergence of inci- 
dence in different geographic locations of South 
Wales, and the incidence for South U'ales is much 
higher than in other coal fields of Great Britain. 

There are no critical studies to demonstrate 
whether or not this entity exists in other coal min- 
ing areas. Similar cases, both radiographically and 
histologically, are alleged to have been demon- 
strated in U\e United States. Many questions re- 
main to be studied before the proper meaning of 
this interesting study from South M'ales can be 
assessed in terms of the coal workers of other areas. 

Asbestosis. *1116 prolonged inhalation of sufficient 
quantities of asbestos fiber produces a diffuse fi- 
brosis of the lung which may be extremely severe. 
The disease offers a contrast to silicosis in many 
features. Long fibers (20 to 50 p) rather tlian 
short fibers evoke tlie tissue response; the irritant 
is mechanical rather than chemical; the lymphab'c 
system is involved only slightly and late, the early 
lesion being a peribronchial fibrosis; the fibrosis is 
diffuse rather than nodular in character; severe 
pleural changes are common, interference with the 
passage of o.tygen from the alveolus to the blood 
because of thickened alveolar walls is the char* 
acteristic physiologic alteration; diffuse obstructive 
emphysema is not manifested clinically or physio* 
loglc^y; clinical symptoms and physiologic abnor- 
malities may precede unequivocal rocntgcnographic 
evidences of asbestosis; there is no alteration of 
susceptibility to tuberculosis. The diseases are 
similar in that the quantity of proper-sized particu- 
lates inhaled is the chief determinant of the devel- 
opment of diseases. Under usual working conditions, 
yean of exposure are required to produce the dis- 
ease. Severe disability (entirely different in funda- 
mental character from that of silicosis) is likely to 
be present only in advanced cases; cor pulmonale, 
though a Common cause of de.ath in both, is more 
frequent in asbestosis. There is no effective form of 
treatment for the disease per se. 

Pulmonary Granulomatosis of Bcrj’llium Work- 
ers. An unusual chronic granuloma of the lung has 
been desenbed in persons working where they may 
be exposed to the inhalation of beryllium and its 
compounds. Although an associ.ntion vvith industries 
using beryllium compounds has been proved, the 
ctiologic factors have not been determined. The 
disease is characterized in the severe form by ex- 
treme exertional dyspnea. p.irotysmal cough, 
marked loss of weight, and cyanosis; the rocnl- 
geno^m shows a diffuse ground-glass appearance 
of the lungs plus enlargement of the hilar lymph 
nodes. Interference vdth diffusion of oxygen across 
the alveolar membrane is the underlying pliysiologic 
defect and cor pulmonale the usual cause of death. 
Minute exposures to the chemical and a delay of 
jnontlis to years l>clvveen exposure and onset of 
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the disease make this a most bizane entity. The 
disease has more than just industrial implications, 
since bona fide cases have developed folIo^^’mg the 
inhalation of exceedingly minute quantities of 
beij'llium under noninduslrial circumstances. Hie 
number of cases is increasing Differential diagnosis 
from other nodular granulomas is at times most 
difficult. No authentic spontaneous complete recov- 
ery has been reported. The mortality rate is high, 
but many persons remain in an arrested state of the 
disease for jears. ACTH and cortisone have pro- 
duced dramatic but not permanent remissions. 

Byssinosis. This is a remarkable disorder of cotton 
mill workers exposed to high concentrations of 
cotton dust. It is characterized by chest tightness, 
wheezing, dyspnea, and cough. The ^Tnptoms recur 
each Monday (in lliose workers who have a Sunday 
holiday), are less intense on Tuesday, and then 
gradually disappear during the remainder of the 
week only to recur the next Monday. The cause of 
this peculiar and specific ffuctuation is unknown. 

After one or more decades, the symptoms may 
become persistent but sbll with exacerbation each 
Monday. Respiratory failure and/or cor pulmonale 
may ultimately occur. 

During Its early years, the disease is cured by 
cessation of exposure to cotton dust. However, this 
measure may oe ineffective if instituted after ir- 
re>'crsible pdmonary or cardiac clianges have oc- 
curred 

Byssinosis is common in British workers and is 
occasionally seen in the United States. 
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BRONCinECTASIS, LUNG 
ABSCESS, AND MISCELLA- 
NEOUS DISORDERS 
John H. Knowles 

BRONCHIECTASIS 

The term bronchiectasis refers to a state of dilata- 
tion of the bronchial tree. The disease 'vas 
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described by Laenneo in 1819. Extensive dinical 
study and description were made possible with the 
introduction of bronchography in 1922 by Sicard 
and Foreslier. The incidence, prognosis, and sever- 
ity of the disease have been radically altered with 
the advent of chemotherapy. 

Bronchiectasis is a disease of patchy distribution 
in the lung. The affected segmental or suhsegmental 
bronchus may undergo a tubular (cylindrical) or 
saccular dilatation. Generalized tubidar dilatation 
of smaller (more peripheral) bronchi may be seen 
in chronic bronchitis and obstructive emphysema, 
but this is not of the same significance as the 
localized, more striking dilatation of larger (more 
pioximal) bronchi seen in bronchiectasis. The dif- 
ferentiation of bronchitis and bronchiectasis is dis- 
cussed below and on p. 1510. 

Pathogenesis. Prolonged bronchial obstruction 
and infection must be present to cause irreversible 
dilatation of the bronchial tubes. If uncontrolled, 
tlie infection extends into the bronchial wall, with 
disruption of smooth muscle and elastic tissue, 
and invades the adjacent peribronchial tissue. Cili- 
ated columnar epithelium is replaced by nonciliated 
cuboidal epithelium, and in some instances the en- 
tire bronchial wall may be replaced by fibrous 
tissue, with resultant formation of saccules. With 
damage or loss of ciliated epithelium and loss of 
bronchial tone and peristaltic action there is further 
stasis of infected secretions. Traction by peribron- 
chial and parenchymal scars distorts the diseased 
bronchus. In the region of third order bronchi, large 
(up to 1 mm in size) anastomotic communications 
between bronchial artery and pulmonary artery 
mtiy he seen. 

The posterior basal segments of the lower lobes 
are the most commonly involved. More than half 
of patients with left lower lobe disease also have 
involvement of the lingular segment of the left 
upper lobe. Upper lobe bronchiectasis is usually 
seen in the posterior or apical segment and is likely 
to be secondary to (old) tuberculous endobron- 
chitis or to healed lung abscess. 

Etiology. Prior to the introduction of antibiotics 
and extensive immunization programs, the com- 
monest precursors of biondiiectasis were pertussis, 
measles, and influenza, and more than 50 per cent 
of patients dated the onset of their symptoms from 
the first decade. By giving rise to peripheral bron- 
chial obstruction and stasis, these iiifections set 
the stage for superimposition of suppurative infec- 
tion and bronchiectasis. At present bronchopneu- 
monia is the most likely precursor of bronchiectasis. 
Wien drainage is hindered by inspissation of secre- 
tions or treatment is inadequate, there is delay in 
resolution and bronchial infection persists. Similarly, 
aspiration of a foreign body, particularly in chil- 
dren, and bronchogenic carcinoma and bronclual 
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adenoma by partially obstructing the bronchial 
lumen lead to chronic infection and the develop- 
ment of bronchiectasis distally. 

Kartagener 5 syndrome consists of a triad of 
dextrocardia, sinusitis, and bronchiectasis. The in- 
cidence of bronchiectasis in patients with congenita] 
dextrocardia is 15 to 20 per cent. The disease may 
nev’er supervene in subjects with dextrocardia or it 
may develop late in life, depending probably on the 
element of infection. The reasons for the associa- 
tion are obscure. 

Cystic fibrosis of the pancreas is a congenital 
disease characterized by exocnne pancreatic insuf- 
ficiency and chronic obstructive pulmonary disease. 
Ninety per cent of deaths in cystic fibrosis are di- 
rectly attributable to the puJmonaiy complication 
of obstructive emphysema, atelectasis, and bron- 
chiectasis. Thick, tenacious secretions obstruct the 
bronchial lumen, resulting in atelectasis distally- 
If infection is superimposed (commonly with the 
staphylococcus or Pseudomonas aeruginosa), the 
ground Is set for the development of bronchiectasis 

Bronchiectasis is a frequent complication of (Con- 
genital agammaglobulinemia and results presumably 
from recurrent pulmonary infection. Only rare in- 
stances of bronchiectasis have been reported in 
adults in association with acquired agaimnaglobu' 
linemia. 

The right middle lobe bronchus is particularly 
vulnerable to compression by lymph nodes situated 
at its origin from the right bronchus \\'itli en- 
largement of the peribronchial lymph nodes because 
of tuberculosis or nonspecific infection the right 
middle lobe bronchus is compressed and stasis and 
infection occur distaliy. This has been called the 
middle lobe syndrome. 

Primary tuberciJosis can lead to bronchiectasis 
via enlarged, obstructing l>Tnph nodes at the foot 
of a lobar bronchus. Secondary or reinfection tuber- 
culosis may lead to a state of bronchiectasis by (1) 
distortion of suhsegmental bronchi adjacent to a 
healing cavitary or granulomatous lesion, or (2) 
destruction secondary to endobronchial tuberculosis. 

Bronchiectasis, usually of the tubular type, rnay 
occasionally be seen in long-standing cases of 
bronchial asthma, chronic bronchitis, and obstruc- 
tive emphysema. Presumably this has resulted 
from bron^ial obstruction and infection due to 
viscid secretions and is patchy in distribution. 
Generalized dilatation of smaller bronchi may be 
seen in chronic bronchitis and emph)'setna (see 
below) . 

Bionchiectatic changes can frequently be demon- 
strated in the area of a healed lung abscess 
Reepithelization of lung abscess cavities and exten- 
sion of suppurative disease to surrounding seg- 
mental bronchi result in their permanent dilatation. 

Anomalous pulmonarj' arteries arising from Uie 
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aorta may be associated with sequestration of a 
lobe and resulting bronchiectasis commonly in the 
region of the posterior segment of the left losver 
lobe and close to the diaphragm. 

Because of the frequent association of rinusitis 
with bronchiectasis, an etiologic role was assigned 
with the notion that chronic aspiration of infected 
sinus contents led to bronchiectasis. Similar rea- 
soning has been applied to poor oral hygiene be- 
cause of the rarity of healthy teeth and gingiva in 
patients with bronchiectasis. Perhaps this mecha- 
nism applies in a few individuals, but the associa- 
tion of upper and lower respiratory tract disease 
has not offered a convincing clue to the etiology 
of disease in either area. 

Clinical Manifestations. Symploma of bronchi- 
ectasts depend on superimposed infection and not 
the bronchial dilatation per se. Thus bronchiectasis 
may be continuously or intermittently symptomatic. 
Some individuals known to have bronchial dilata- 
tion in a lower lobe for many years have symptoms 
only after an upper respiratory tract infection. 
Upper lobe lesions may remain permanently asymp- 
tomatic because stasis and infection of secretions 
do not occur. 

The cardinal manifestations are cough, muco- 
purulent sputum, hemoptysis, and recurrent pneu- 
monitis. The cough is partlcul.irly severe ond pro- 
ductive when the subject lies down, thereby empty- 
ing tho contents of the dependent lower lobes into 
llie larger bronchi. The morning production of 
sputum is large, and the patient may have syncopal 
episodes (cough syncope) or vomit (emetic cough) 
as he struggles to rid his bronchi of the overnight 
accumulation. 

The sputum is mucopurxilent and varies from I 
to 8 oz a day. It initially settles into three and finally 
into two layers as the frothy lop layer subsides. The 
final two layers consist of an upper watery' saline 
component and a lower heavier part consisting 
mainly’ of pus cells, and includes various organisms, 
Dietrich's plugs, and clastic tissue. The sputum 
(and breath) is occasionally foul smelling but 
usually has a siclish srvect odor and a pea-soup 
appearance. 

Hemoptysis varies from blood-streaking of the 
sputum to massive and rarely exsanguinating 
amounts. In the former instance the blood has 
arisen from granulation tissue in the chronically 
infected broncliial wall and in the latter instance 
from erosion of a bronchial artery or a bronchial- 
pulmonary arteriolar anastomosis. Commonly in 
upper lobe bronchiectasis and occasionally' with 
lower lobe disease, the initi.il symptom may be that 
of hemoptysis, so-called "dry' bronchiectasis." Here 
cough and sputum production have been mininial 
(or minimized by the patient) and a subdinical, 
smoldenng infection in a bronclucctatic segment 

■) 
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has finally eroded a vessel. Hemoptysis is said to be 
more common w'ith saccular than tubular disease. 

Recurrent pneumonitis commonly punctuates the 
course of bronchiectasis. A high index of suspicion 
should be aroused when recurrent pneumonia in- 
volves the same lobe repeatedly. In this case llic 
resenoir of infection is the underlying infected 
bronchiectasis, and extension from here into the 
surrounding parenchyma has developed. Occasion- 
ally intrapulmonary aspiration of infected secretions 
from a diseased area into a healthy lobe has oc- 
curred. 

More than 60 per cent of patients ivill have 
associated symptoms of sinusitis wtli postnasal drip 
and sinus headaches. 


Dyspnea may be a prominent complaint in some 
patients, particularly older adults with e-xtensiw 
bilaterai crease or an additional element of diffuse 
chronic bronchitis and obstructive emphysema. 

On physical examination, the patient appears 
chronically ill. His wet cough frequently interrupts 
the examination. Sinus tenderness may be eb'eitei 
Clubbing of the fingers and toes is obsen’ed In 50 
per cent of the patients. Tlie chest may have the 
emphysematous configuration if accompanying dif- 
fuse chronic bronchitis is present The most im* 
portant finding is the auscultation of persistent, 
uet, coarse inspiratory rales at either or both 
posterior lung bases, more frequently tlie left, one! 
over the nght middle lobe or lingular segment of 
the left upper lobe. The breath sounds may be 
coarse and broncliial, The findings of diffuse clirpnio 
bronchitis may also exist (see Chap. 260). Exam- 
ination of the heart may rarely reveal the findings 
of pulmonary hypertension. One should also bs 
alert to the possibility of dextrocardia. There ifloy 
be no abnormal physical findings in the chest in 
some patients. 

Laboratory Findings. There is mild normocytic 


normochromic anemia if infection has been p^' 
longed and severe. Leukocj’tosis may be seen if 
acute bacterial infection with pneumonitis is super- 
imposed on the chronic infection. Urinalysis may 
reveal persistent albuminuria if the rare compliW* 
tion of secondary amyloidosis has occurred The 
characteristics of the sputum have been alluded 
to above. Only occasionally do cultures reveal a 
predominant pathogen, particularly during an acute 
pneumonitis. Study of plasma protein electropbu' 
retic pattern and of sweat electrolyte excretion may 
be useful in excluding agammaglobulinemia and 
cystic fibrosis, respectively (pp. 752 and 1666)- 
Pulmonary function is not measurably altered 
until the disease involves more than three segments 
or is bilateral. Decrease in x’ital capacity correlates 
with the extent of the disease. Some p.itients \'>l 
show the pattern of obstructive emphysema, ntu 
their dyspnea correlates well xvith the reduction m 
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ventilatory reserve. Abnormalities of distribution 
as regards venous admixture cfFect (resulting in 
arterial oxygen unsaturation) may be minimized 
by tire effect of the bronchial artexy-pulmonaiy 
artery precapillary anastomoses in shunting return- 
ing venous blood away from diseased, poorly venti- 
lated areas to normally ventilated areas where gas 
exchange is normally maintained. Pulmonary hy- 
pertension and cor pulmonale result when extenrive 
bilateral disease destroys excessive parenchymal 
vascular bed. 

Although the conventional x-ray of the chest may 
be normal in some cases, it is usually abnormal. 
Linear shadows extending from the hilum into the 
periphery of the lung field probably represent 
peribronchial thickening. Triangular shadows of 
lobar collapse may be seen at either lung base, 
particularly in children. So-called ring shadows — 
air-filled areas with thin or thick walls — may repre- 
sent bronchiectatic sacs ox local overdistcntion 
emphysema adjacent to atelectatic areas. With 
lobar collapse and in the rare instance of massive 
whole lung involvement, mediastinal contents xviU 
be shifted toward the diseased area and the homo- 
lateral hemidlaphragm will be elevated. 

Bronchoscopy is ordinarily done prior to bron- 
chography. It is an important diagnostic adjunct 
and helps in localization of the disease. It is also 
used to rule out bronchostenosis by external com- 
pression or by intrinsic tumor, foreign body, or 
endobronchial tuberculosis. 

Bronchography is necessary to define the extent 
of the disease. The bronchial tree is outlined by 
the use of an aqueous iodine preparation called 
Dionosil. This is completely absorbed in several 
days in contrast to older oily preparations (Lipio- 
dol) which might remain at the lung bases per- 
manently. The bronchogram generally reveals a 
tubular or Saccular dilatation of several or more of 
the proximal (second or third order) bronchi in 
the lung. The affected lobe is atelectatic, and the 
dilated bronchi are squeezed together. 

A problem frequently arises in the differential 
diagnosis of bronchiectasis and chronic bronchitis, 
both of which may have the same symptoms and 
very similar bronchographic patterns and fre- 
quently coexist. Clinically sinus disease, copious 
amounts of sputum, hemoptysis, clubbing, wet 
rales which persist in a localized area of the lung 
over long periods of time, all seen in a youth or 
young adult patient, are highly suggestive of bron- 
chiectasis. The middle-aged or elderly man with 
the chronic, poorly productive “cigarette” cough, 
signs of hyperinflated chest with quiet breath 
sounds, and generalized squeaks but no local wet 
bubbling rales more likely has chronic bronchitis 
and emphysema. There are several important radio- 
graphic points which may help in diagnosis: in 
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bronchitis the volume of the lung (or lobe) is 
inercased, whereas in bronchiectasis it is decreased 
even though there may be emphysematous changes 
peripherally. In bronchitis the bronchi fill out more 
peripherally, whereas in bronchiectasis only the 
larger and more proximal bronchi fill. Bronchial 
diverticula, representing filling of the dilated ducts 
of mucous glands, are diffuse and sparse in chronic 
bronchitis. In bronchiectasis they are numerous 
and localized to the bronchus of the involved lobe. 
If both situations exist, then both diseases may be 
present. 

The diagnosis of bronchiectasis should be sus- 
pected in any patient complaining of chronic and 
usually productive cough or hemoptysis or recur- 
rent episodes of pneumonia. The suspicion is 
strengthened if clubbing is found along with per- 
sistent, wet inspiratory rales at the lung bases 
posteriorly or over the lingular segment or right 
middle lobe. If radiographic abnormalities ate also 
seen on the plain film, the diagnosis is almost cer- 
tain. It is strengthened by the bronchoscopic find- 
ings and confirmed by bronchography. 

The course of the disease is extremely variable. 
Known bronchial dilatation may exist without symp- 
toms for years only to become suddenly and per- 
sistently symptomatic. As a general rule, saccular 
bronchiectasis is a more serious disease than the 
tubular form, and bilateral involvement carries a 
worse prognosis than unilateral disease. It is of 
utmost importance to note that bronchiectasis is an 
acquired disease that is not, except in rare in- 
stances. progressive. It does not commonly spread 
and is ordinarily maximal when first seen. The 
typical patient prior to the ontibiotic era was be- 
tween fifteen and thirty years of age. His symptoms 
extended over 10 to 20 years, and their onset 
was usually dated from an episode of pneumonia 
or pertussis during the first decade of life. He was 
incapacitated by his foul sputum, general debility, 
and malnutrition. The individual whose illness be- 
gan before ten years of age rarely lived beyond the 
age of forty, and the mortality of hospital cases 
followed for any length of time was 30 to 50 per 
cent. The usual causes of death were pneumonia, 
overwhelming sepsis, brain abscess, hemonhage, 
and cor pulmonale. In addition to the complica- 
tions, an occasional instance of secondary amy- 
loidosis was recorded. More recent studies have 
shoivn that those complications now are exceedingly 
rare and that the prognosis has improved con- 
siderably, partly because of antibiotics and partly 
because more recent studies have considered am- 
bulatory groups of clinic patients. Bilateral disease, 
persistent large amounts of fetid sputum, frequent 
bouts of fever, and dubbing of the fingers are 
poor prognostic signs. The presence of chronic 
bronchitis and obstructive emphysema also worsens 
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the propiosis. The mortality is now apprimmaleJy 
10 per cent over a 10-year period. The cause 
death may be pulmonar)' insufficiency and cot 
pulmonale, but intercurrent and unrelated disease 
arc also frequent causes. Sur\'iving subjects rarely 
show progression of disease and fairly frequently 
show improvement. 

Treatment. The treatment of bronchiectasis com- 
bines tlie judicious use of antibiotics, postural 
drainage (see Chap. 268, Therapy), and in certain 
patients resection of diseased areas. Antibiotic 
therapy is guided during periods of acute infection 
by the results of sputum (or blood) cultures. In 
p.ibents who suffer repeated episodes of acute in- 
fection, small doses of antibiotics can be given 
propbjlactically during the winter months. Periodic 
culture of the sputum should be obtained during 
such therapy to detect the emergence of other, 
sometimes resistant, organisms 

Because the disease is usually not a progressh-e 
or spreading process, every pab'ent at least initially 
deser\'es a course of conservati\e medical therapy 
under close observation before a dedsion for or 
against surgery is made. The most dramatic surgical 
cures are effected by the excision of localized, uni- 
lateral disease which has remained symptomatic 
despite medical therapy. Massive and recurrent 
iKmoptysis may also necessitate surgical removal. 
The poorest results are obtained vvtUi the excision 
of local disease in the face of bilateral, extensive 
disease and coexistent diffuse chronic bronchitis 
or broncMal asthma. Bronchitis or bronchial asthma 
Is not cured by excision of bronchiectatic segments. 
Surgical therapy in general is not indicated where 
there is too little or too much disease. A period of 
conservabve medical therapy is nearly al'vays in- 
dicated, perhaps even for as long as a year, not only 
to judge its success or failure, but to avoid the 
mistake ol resecting reversible or pscudobroncliiec- 
tasis, recalling that the bronchial tree following 
the expansion of a collapsed lobe or the resolution 
of atypical pneumonia may take months and even a 
year to revert to normal ^vilh disappearance of 
bronchial dilatation. 


DROXanAL OBSTRUCTION AND 
PULMONARY ATELTCTASIS 
Atelectasis refers to a state of Incomplele expan- 
sion of the lung, due to failure to expand at birth 
(atelectasis of tlie ne'vbom) or to coll.'ipsc of pul- 
monary alvcoh. This results from external com- 
pression (pleural effusion or pneumothorax) or 
bronchial obstruction. Collapse from external com- 
pression IS ordmaidy readily reversible with rcmoral 
of fluid, air, or fibrous tissue (decortication) from 
the intrapleural space providctl the undedying 
lung IS normal. Atelectasis distal to bronchial ob- 
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struction is important for several reasons: (1) its 
discovery aids considerably in diagnosis as, for 
example, the lobar atelectasis seen in infancy as- 
soeuxted with cystic fibrosis of the pancreas, and in 
childhood associated with compression of lobar 
bronchi by caseous nodes, or in adult life associated 
with bronchogenic carcinoma; (2) it is one of the 
prevalent causes of postoperative morbidity, and 
(3) it predisposes to lung abscess and bronchiec- 
tasis. 

BronchlaJ obsiniciion with atelectasis may be 
caused by endobronclual dise.ise such as tumor, 
stenosing infl.nmmatory disease such as tuberculosis, 
forci^ body, broneholiths, or inspissated mucous 
plugs; or it may be c-xused by extrabronchial com- 
pression by enlarged lymph nodes (middle-lobe 
syrndrome), neoplasm, or aneurysm. Inspissation of 
mucus to form an obstructing plug is particularly 
common in pabents xvith bronchial asthma, cystic 
fibrosis of die pancreas, or chronic bronchitis, in 
conditions associated 'vith decreased movement of 
the cliest wall, e.g., poh'omyelibs, and in the early 
postoperative period. 

Aspiration of foreign body, gastric contents, pt of 
infected material from the upper respiratory pact 
occurs comiBonly and may result in pneumonia or 
abscess formation (see pp. 1554 and 1556) because 
of bronchial obstruction with distal infection. The 
defenses against aspiration of cough, laryngeal 
closure, and ciLary motion are impaired by sleep, 
alcohol, anesthesia, immersion and exposure, opi* 
lepsy, or coma from any cause. Aging per se results 
in a lessening of the airway’s protccbVe refle*« 
Blood, mucus, dental deposits, or food may 
aspirated, and the infected plug occludes the seg* 
mental bronchus. The right lung is more commonly 
involved because the right main bronchus is d’C 
slraightest route for aspiration. The parts of the 
lung affected most often are the posterior segmerto 
of die upper lobes and superior segments of the 
lower lobes as these are the most dependent 
whox in the supine or lateral decubitus positions, 
respectively. Foreign body, lung abscess, and a*' 
piration pneumonia are discussed further below’- 

Obstruction of a main stem bronchus wh'ch 
develops gradually may give rise to mild, vag“C 
discomfort m the chest and little or no dyspn^- 
Acute obstruction of the same bronchus in the 
postoperative period (acute massive collapse of the 
lung) may be accompanied by amciety, agitabon. 
dyspnea, t.xchypnea, fever, and tachycardia. 

Posfoperafive atelectasis occurs in about S per 
cent of patients, most commonly following upper 
abdominal procedures. It is more bkdy to be foon 
in men, in smokers, in chronic broncbitics, in 
aged, obese, and debilitated, and in patients in- 
capable of early ambulation ^^in^ma1 degrees o 
tRclectasis arc heralded by mild fever (temperatures 
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to lOl'T), tachycardia, and tachypnea within 48 
hr after operation. Vague chest discomfort and mild 
respiratory distress and a cough, first nonproductive 
but later yielding tenacious mucus or mucopuru- 
lent sputum, are usual. If the collapse increases, 
expansion of the chest may be diminished on the 
affected side, and hyporesonance, inspiratory rales, 
and depressed breath sounds may be heard. The 
chest x-ray reveals linear shadows, usually in the 
Imver lung fields, segmental or lobar atelectasis, 
or merely increased density of pulmonary paren- 
chyma. If lobar or whole lung collapse has occurred 
acutely, it is heralded by severe agitation and 
anxiety, dyspnea and tachypnea. Hypoxia leads to 
cyanosis and acute systemic hypertension, and there 
may be substernal oppression if die mediastinum 
shifts toward the affected side. The percussion note 
may not be dull if the lung has not had time to 
lose enough air, but the hemithorax moves poorly 
and the trachea and heart are shifted toward the 
collapsed side. The x-ray shows the mediastinal 
shift, narrowing of the intercostal spaces, a high 
diaphragm, ana a dense lobe or lung on the 
fected side. If the inspissated secretions are not 
removed, pneumonia may develop. 

Treatment of atelectasis depends on the cause 
of the obstruction, and for this reason diagnostic 
bronchoscopy Is always indicated in obscure cases. 
This procedure is dso therapeutic in instances 
where removal of a foreign body or inspissated 
secretions is feasible. Therapeutic bronchoscopy 
may be necessary in postoperative cases if sue- 
Uoning, percussion therapy, and coughing do not 
relieve the situation. The best treatment Is preven- 
tive, however, and careful pre- and postoperative 
care will be amply rewarded. 


FOREIGN BODIES IN THE AIR PASSAGES 

The importance of aspiration of a foreign body 
in the genesis of pulmonary disease is frequently 
overlooked. The physician fails to elicit the history, 
the patient may have forgotten the event because 
of a symptondess interval following aspiration, and 
the various clinical syndromes produced are more 
readily explained by invoking the commoner disease 
processes which are mimicked, such as asthma, 
lung abscess, or bronchiectasis. 

In order of frequency, the foreign bodies found 
are nuts, hardware, pins and needles, dental mate- 
rial, safety pins, and bone. A variety of predisposing 
factors are known, such as weakening of the de- 
fenses against aspiration, bad personal hygiene 
(loose teeth), or hasty eating. Inhalation of vege- 
table material such as a peanut causes a severe 
local and systemic reaction because its shape allows 
complete occlusion of a bronchus and it also incites 


a chemical bronchitis. Irregular metallic objects 
usuaUy produce only incomplete blockage. 

A foreign body may shift its location in the 
lung or be passed to the opposite lung. Those 
which lodge in the trachea give rise to a palpable 
thud, an audible slap, and loud wheeze when 
expiration or cough forces the object against the 
inferior surface of the vocal cords. Death from 
asphyxia may occur. When a bronchus is occluded 
so that there is a “check-valve” effect with expira- 
tory trapping of air, there will be distal emphysema, 
but complete obstruction leads to atelectasis and, 
finally, to drowned lung. 

The initial episode may be violently symptomatic 
with severe cough, wheezing, dyspnea, and cyano- 
sis. Bronchoscopy is an immediate necessity and is 
successful in removing the foreign body in most 
cases. If the level of obstruction is in a lobar or 
segmental bronchus, the initial fit of coughing may 
be followed by a symptomless interval of days or 
weeks after which chronic suppurative disease 
(lung abscess, bronchiectasis) develops. The pa- 
tient may finally show the clinical picture of 
"asthma" and localized hyperinflation of the lung, 
lung abscess, or bronchiectasis. Bronchoscopy may 
not reveal the foreign body as overgrowth of granu- 
lation tissue may have obscured it. X-ray may show 
the radiopaque object which may also be confused 
with calcified hilar lymph noaes. Even though 
symptoms have been piesent for several years, 
removal of the foreign body can lead to complete 
restoration of apparently damaged lung Therefore 
after removal, observation under medical therapy 
is advisable before deciding about the need for 
lobectomy. 


BRONCHOLITHIASIS 

Bronchohthiasis refers to calcified concretions 
occurring in the tracheobronchial tree. They may 
arise Id three ways: (1) by calcification of tracheo- 
bronchial cartilage and subsequent sequestration, 
(2) by secondary calcification of an exogenous 
foreign body, or (3) most commonly by migration 
and erosion of calcified material from hilar and 
paratracheal nodes into the tracheobronchial tree. 
The calcified node is the “tombstone" of the original 
disease, usually tuberculosis or histoplasmosis. 

The condition occurs in both sexes equally and 
is most common betueen the ages of forty and 
sixty years. Cough and hemoptysis are the com- 
monest manifestations and are due to bronchial 
ulceration or to intrabronchial location of the stone, 
with resultant obstruction and bronchiectasis. Re- 
current chills and fever and purulent sputum may 
be noted, and 50 per cent of patients give a histor)’ 
of coughing up one or more stones. Some complain 
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of wheezing or “asthma” which is due to partial 
bronchial obstruction by the concretion. The 
bronchial tree is invohetl twice as often as the left. 
Rarely, acthe tuberculosis is found distal to such an 
obstruction, and careful e.Yamination for tuberde 
bacilli is essential. 

The x-ray reveals calcification of hilar or para- 
tracheal nodes, atelectasis or pneumonitis with 
dense calcification at the apex of the affected lobe, 
or bronchiectasis on plain Elm or bronchography. 
Tomography may be necessary to delineate the 
relationship of calcification and bronchus- 

The bronchohth can be removed occasionally 
through the bronchoscope, but thoracotomy and 
broncholithotomy arc usually necessary. Lob^lomy 
is reserved for those patients who have persistent 
or recurrent symptoms or localized bronchiectasis. 


LUNG ABSCESS 

Etiology and Pathogenesis. The commonest etlo- 
logic factor in the development of primary lung 
abscess is aspiration of infected material from the 
upper respiratory tract, such as dental deposits (see 
above under Bronchial Obstruction). The xirulence 
of the organisms and their ability to cause necrosis 
of tissue, the development of vascular occlusion due 
to septic endarteritis, and the pressure of Increaring 
e-cudation combine to cause liquefaction of tissue 
within a few days. \i the bronchus is eroded, partial 
drainage will lead to the formation of an air-fluid 
le\et< New abscesses or suppuratis’e pneumonia 
can occur by direct extension or aspiration of pus 
into another segment. If hc-aling is delayed, the 
cavity is lined by a downgrowlh of cuboidat or 
squ.imous epithehum from connecting bronchi. 
Formerly, the differentiation of putrid (anaerobic) 
andnonputrid (.aerobic) abscesses was stressed, but 
this is no longer regarded as important in therapy. 

The following conditions predispose to abscess 
formation in the lung and should be considered in 
any patient with localized pulmonary suppuration: 

Bronchial Obstruction. Most lung abscesses are 
initiated by bronchial occlusion, either by virtue of 
aspiration of infected material from the upper air- 
way or the ocauTcnce of an obstructing lesion, 
such as a tumor or postinflamroatory bronchosteno- 
sis Foreign body and bronchostenosis are relatively 
unusual Bronchogetxic carcinoma may be even 
commoner than aspiration as a condition leading 
to lung abscess in men beyond the age of forty-fis'e. 
The abscess may be produced either by obstruction 
of the bronchus with distal stasis and infection of 
secretions or, more commonly, by necrosis and 
excavation within the tumor mass. Radiologically. 
the svall of the easily is thick and irregular, tiie 
most important clue to the correct diagnosis. 
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Bacterial Pnetimouia. Pneumonias due to the 
Friedlander bacillus, acUnomijces botis, pneumo- 
coccus type III, Staphylococcus aureus, and Strep- 
tococcus hemohjlicus arc occasionally complicated 
by true abscess formation because of the ability 
of these organisms to cause necrosis. 

Vascular Enibohsni. Pulmonary infarction is a 
rare cause of abscess formation; less than 5 per cent 
of bland pulmonary infarcts are secondarily in- 
fected. Vascular embolization of infected materia! 
from osteomyelitis, suppuratix e pelvic disease (post- 
abortal), or phlebitis (for example, in a drug ad- 
dict) can result in multiple small pulmonaiy ab- 
scesses. 

Other Causes. Trauma to the cliest may result in 
abscess formation by penetration of the chest wall 
by an infected foreign body, by infection super- 
imposed on a traumatic pulmonary hematoma — a 
veiy rare event — or because of retained secretions 
due to reduced cough foUoxving rib fracture. 

Stasis of secretions or aspiration of infected 
secretions into a congenital or acquired cyst may 
result in localized suppuration and accumulation 
of pus. The finding of a very thin xvttll with mini- 
mal surrounding jnfl.ammation may be a radiologic 
clue. 

Amebic or pyogenic abscesses in the liver or be- 
neath the right diaphragm may extend into the 
light lower lobe of the lung ana result in abscess 
formaUon. 

Clinical Description. The patient may present 
himself to the physician with acute or chronic 
symptoms. Following the initiating event, such as 
tooth extraction or an alcoholic debauch, there JS 
a several day period of fever and malaise (repre- 
senting segmental atelectasis and pneumonitis) fol- 
lowed by chest pain, usually pleuritic (extension of 
suppuratixe pneumonitis to pleural surface), and a 
dry' cough. Anywhere from 4 to 10 days after the 
onset, the cough and fever become more severe 
(gangrene of lung). Scanty amounts of purulent 
blood-streaked sputum (erosion of bronchus) pre- 
cede acute rupture of the abscess into the bronchi-xl 
tree. When ibis occurs, tbc sputum becomes copi- 
ous, and up to a liter of purulent and sometimes 
bloody sputum may be produced for the next 
several days. As free drainage continues, illness 
begins to abate, although the temperatxire may not 
become normal for several more days When severe 
respiratory distress and prostration occur suddenly 
after the onset of pleural pain, rupture of the ab- 
scess into the pleural space xvith the formation of a 
pyopneumotliorax has probably occurred. In acute 
Jung abscess, if drainage of the area and antibiotic 
trratment are adequate, tlie patient will be free of 
cough and sputum production and constitutional 
debiht}' after 10 days to 3 weeks of treatment, 
although complete clearing by x-ray and closure 
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of the cavity may take anj^vhcre from 10 clays to 
4 months. If drainage is inadequate, the organism 
is resistant, or treatment is delayed, a necjrotic 
slough forms in the cavity. Clironic cough and 
purulent sputum persist \vith intermittent fever 
and cachexia. 

In the acute disease physical examination reveals 
a febrile, anxious patient with rapid pulse and 
respiratory rate. The oral hygiene is usually bad, 
and the gag reflex may be absent or diminished. 
Dullness and bronchial breath sounds and rardy 
a pleural friction rub may be heard over the dis- 
eased segment. Exquisite tenderness to palpation 
of the chest wall over the diseased area may be 
elicited because of pleural involvement. After bron- 
chial communication has been established, amphoric 
breath soimds may be heard. Clubbing of fingers 
and toes is present wthin weeks of the onset in 10 
to 20 per cent of cases and regresses with resoluUon 
of the disease. Rarely painful hypertrophic osteo- 
arthropathy may occur, although this usually sig- 
nifies underlying bronchogenic carcinoma. 

Laboratory findings show a polymorphonuclear 
leukocytosis in the acute phase. With chronic lung 
abscess a nonnocytic normochromic anemia may 
develop. 

The sputum is purulent and frequently bloody. 
Elastic fibers are present, indicating tissue destruc- 
tion. Culture is essential and may reveal a single 
organism or varying combinations of beta- and 
alpha-hemolytic streptococci, staphylococci, occa- 
sionally pneumococci, Hemophilus influenzae, and 
Escherichia coU. Sensitivity to antibiotics must be 
determined. Anaerobic cultures will reveal the 
anaerobic streptococcus, fusiform bacilli, and spiro- 
chetal organisms. Sputum should also be examined 
for tubercle bacilli and malignant cells. Blood cul- 
tures obtained during the acute disease may y'ieJd 
the predominant pathogen. 

Early in the disease the x-ray reveals segmental 
or lobar consolidation which assumes a spherical 
shape as the area distends with pus. Localization 
in the posterior segment of the right upper lobe or 
superior segment of the.lower lobes should suggest 
the possibility of lung abscess. With rupture into 
the bronchial tree, an air fluid level appears. The 
wall of the abscess cavity should be inspected care- 
fully. If very thin, with minimal surrounding pneu- 
monitis, the process may represent infection of a 
preexisting congenital cyst or bulla. If irregular and 
thick, cavity formation in a bronchogenic caremoma 
may be at fault. Abscess due to Friedlanders 
bacilli may be multiloculated u’itli many fluid 
levels, and staphylococcic abscess is frequently 
multiple, small, and thin-walled in a peripljeral, 
subplcural location. 

Bronchoscopic examination is necessary’, particu- 
larly in the patient past forty or in any patient with 


cirAP. 264 1535 

a^qucal features or delayed resolution, to rule out 
neoplasm as the underlying cause. In the child, 
foreign body must be considered. 

Complications of lung abscess are very rare at 
present, with the exception of pyopneumothorax, 
and include exsanguinating hemorrhage, mchastatic 
brain abscess, ar\d secondary amyloidosis. 

Differential diagnosis of the primary’ lung abscess 
includes tuberculosis, empyema with broncho- 
pleural fistula, infected lung cyst, and peripheral 
carcinoma. Abscess formation must not be confused 
with the rarefied areas seen in a pneumonic con- 
solidation undergoing normal resoluUon. Also tran- 
sient ball-valve occlusion of the bronchus in on area 
of pneumonia may lead to acute tension cysts dis- 
tinguished from lung abscess by their rapid onset 
and disappearance. 

Treatment. The principles of treatment of lung 
abscess are similar to those involved in any sup- 
puration — the establishment of adequate drainage 
and the eradication of infection (see also Chronic 
Empyema). AntibioUcs and postural drainage are 
the mainstays of treatment. The longer the duration 
of symptoms prior to therapy, the less likbly is 
medical cure, although every case deserves a trial 
of medical therapy iniUally. Treatment is begun 
with 2 million units of penicillin daily. The ur- 
gency of the situation and the results of culture 
dictate the need for an additional antibiotic to 
cover gram-negative organisms (see Chap. 26S). 
Postural drainage is instituted, and its practice 
guided by the segmental localization of the abscess. 
A record of sputum volume is kept to follow the 
course of healing. Bronchoscopy may rarely be of 
therapeutic benefit. Tracheostomy and suctioning 
of secretions may be necessary in the weak or para- 
lyzed patient. Clinical improvement occurs witliln 
days, and radiologic clearing usually becomes com- 
plete within 3 to 6 weeks. Segmental resection and 
lobectomy are reserved for those individuals "ho 
remain symptomatic and witliout continuous radio- 
logic clearing during 3 to 6 tveeks of continuous 
medical therapy. 

hnSCELLANEOUS TYPES OF PNEUMONIA 
A$piTation Pneumonia 

Aspiration pneumonia usually refers to the acute 
parenchymal inflammation associated with aspira- 
tion of infected material from the upper respimtorv 
passages and to the condition associated with as- 
piration of u-ater, food, or vomit. Tlie same etiologic 
and pathogenic considerations described for lung 
abscess apply here, and indeed aspiration pneu- 
tnonta wl! result in an abscess if necrosis is ex- 
tensK'e. Aspiration of food rfntl drink is particularly 
common in debilitated, elderly indniduals. Pa- 
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lients willi obslrucllng esophageal disease c^ten 
develop clironic, bilateral lower lobe pneumonitis 
because of repeated aspiration. 

Aspiration of gastric contents may occur in in* 
fancy and old age, in alcoholics and epileptics, and 
in subjects with head injuries, after the admin- 
istration of drugs such as morphine, and during 
anesthesia. Maternal death during or following 
delivery may be due to aspiration of gastric con- 
tents. Rapid onset of acute toxemia occurs with 
high fever, tachycardia, cyanosis, tachypnea, and 
extreme dyspnea. Bhonchi and bubbling rales may 
be heard over the lower lobes. The x-ray shows 
bilateral lower lobe infiltrates with indistinct bor- 
ders. There is necrotizing bronchopneumonia with 
hemorrhage, edema, and often multiple abscess. 
Treatment consists of immediate suctioning of the 
tracheobronchial tree and bronchoscopy ns soon as 
possible. PeruciUin and streptomycin should be 
given. Corticosteroids ba\’c been advocated to quell 
the chemical inflammation, although their effecthti- 
ness is not established. 

Lipid Pneumonia 

Lipid pneumonia is due to the repealed aspira- 
tion of animal oil (halibut and cod Dver oil, milh. 
and egg yolk), vegetable oil (castor, olive, and 
wheat germ oil), or mineral oil. In the adult sub- 
ject, tile condition is almost invariably due to the 
chronic administration of mineral oil as a laxative 
or to drugs administered in an oily vehicle, such 
as nose drops. The condition Is seen most fre- 
quently in elderly, bedridden, and chronically ill 
individuals, in short, those apt to have dilBcuIty 
swallowing and to suffer from constipation neces- 
sitating the use of laxatives. Mineral oil apparently 
incites no cough reflex and moves unimp^ed info 
the tracheobronchial tree. As it is chemically inert, 
it acts as a foreign body and incites a chronic in- 
flammatory and granulomatous Te-ictioo. The dis- 
ease is usually seen as a bilateral, lower lobe process 
but may rarely be confined to one lobe and simulate 
neoplasm (paraffinoma). 

Clinically, nonspecific symptoms of mild cough 
and signs of scattered rales at the lung bases may 
be elicited. Most frequently the condition is asymp- 
tomatic and is discovered unexpectedly on routine 
x-ray examination. 

liie x-ray reieals increased lung markings, most 
notable at the lung bases early in the disease and 
scattered nodular and irregular inliltTates which 
become confluent in more advanced cases. Some- 
times a local circumscribed density simulates bron- 
chogenic carcinoma. The right lower lobe Is the 
most frequent site of such a paraffinoma; hilar 
lymph nodes ore not enlarged. 

Examination of fresh sputum reveals clraracteriS' 
tic macrophages filled with vacuoles whid stain 
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positively for fat with Sudan 111 or IV. Their ap- 
pearance may be intermittent, however, and scicral 
sputum examinations should be done. 

The vital capacity is reduced in cases with ex- 
tensive involvement, indicating a restrictive ventila- 
tory defect due to replacement of air spaces with 
fat-laden inflammatory tissue. 

The only treatment Is cessation of the use of od. 
When the disease is localized, pulmonary neoplasm 
must be excluded and exploratory tlioracotomy may 
lie necessary; when the disease is diffuse, tubercu- 
losis and the diseases associated with interstitial 
fibrosis should be ruled out. One should not confuse 
cholesterol (or lipid) pneumonitis of endogenous 
origin (see p. 15^) with lipid pneumonia of exog- 
enous origin. 

Loelfler'e Pneumonia and 
Pulmonary Eosinophilia 

In 1932, Locfller described a syndrome of tran- 
sient pulmonary infiltration associated with periph- 
eral blood eosinophiJia and minimal or no S)Tnp- 
toms. Mild cough, lassitude, and low-grade fever 
were associated witli migrating, fleeting nodular 
pulmonary densities and mild leukocytosis with 
eosinophilcs to 20 per cent of the total differential 
count. The disease was benign and selMiraited. 
rarely lasted more than 3 weeks, and left no residual 
lesion. Although Loefllcr initially thought this might 
be a manifestation of tuberculosis, subsequent 
studies by himself and others revealed infestation 
by ascans in some patients. 

Since that time the association of pulmonary 
infiltration and peripheral eosinophilia has been 
described in a wide variety of conditions, and the 
term PIE syndrome (pulmonary infiUration w-ith 
eosinophilia) has been used. Thus collagen dis- 
ease, such ns polyarteritis nodosa, malignant neo- 
plastic disease, bronchial asthma, tropical eosino- 
philia, the Hamman-Rich symdrome, sarcoidosis, 
allergic reactions to drugs such as penicillin, the 
sulfonamides. PAS, organic arsenieffs, barbiturates, 
and thiouracil, certain infectious diseases such as 
tuberculosis, coccidiodomyocosis, brucellosis, or ex- 
posure to the privet plant, mite infection, and para- 
sitic infestation have all been described as causes 
The following parasites have been associated with 
the syndrome; Ascaris lumhricoides, Necaior amm- 
canus, Trichmelh spiralis, Fasciola hepatica, Stron- 
gyhidcs stercorahs, and Anctjlostoma brasillcnse. In 
the case of some of these parasites, such as ascaris, 
larval migration through the lung doubtless gives 
rise to tlie syndrome and explains its transient, be- 
nign. and self-limited course. 

The diagnosis of Loefilers sjTidrome should be 
limited to cases conforming to his original descrip- 
tioru In cases associated witli persistence of symp- 
toms and recurrence of x-ray abnormalities with 
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marked systemic reaction, a hypersensitiNnty angiitis 
such as polyarteritis nodosa must be considered. 

Tropi^ eosinophilia should be considered under 
similar circumstances, particularly in India and 
Ceylon or in natives from these countries. The 
condition consists of cough, paro'^ysmal dj’Spnca 
with bvonchospasUc, asthmatic attacks, spleno- 
megaly in 50 per cent of cases, a positive Wasser- 
mann or Kahn reaction (which reverts after specific 
therapy), a high titer of cold agglutinins, and an 
x-ray showing bilateral mottled shadows. The spu- 
tum may contain many eosinophils. The white blood 
cell count ranges from 12,000 to 80,000, with 20 
to 80 per cent eosinophils. A curious subacute 
degenerative sj'ndrome affecting the cerebellum 
has been associated with the condition, being 
especially well documented in the French medical 
Lterahire. Over 33 per cent of the cases respond 
to arsenical therapy, and this has been considered 
a diagnostic feature. It differs from Loefflers 
syndrome in the presence of marked systemic 
reaction, persistence and chronicit}' of symptoms 
and x-ray findings, the striking response to arsenical 
therapy, and the occurrence of relapse in occasional 
coses. 

Present theories of the causation of Locfller’s 
syndrome favor a local hypersensitivity state in the 
lung. Bronchia! astlima. hypersensitivity angiitis, 
or polyarteritis nodosa may represent other more 
due manifestations of similar immunologic proc- 
esses. 

CYSTIC DISEASE OF TIIE LUNG 
Cysts of the lung may be either congenital or 
aerjuired, solitary or multiple. The congenital oripn 
of cystic eb'sease has been presumed l«eause of its 
occurrence in infancy and childhood and its as- 
sociation with congenital heart disease, polycystic 
disease of the liver or kidneys, dc,xtrocardia, and 
aberrant pulmonary vessels (pulmonary sequestra- 
tion). Congenital cysts are of brondu'al origin. 
Presumably, maldevelopment and failure of matura- 
tion of the terminal bronchial passages result in 
blind rests lined with bronchial epithelium, which 
usually communicate with the bronchia] tree. 

Acquired cysts develop from the ruphwe and 
coalescence of alveoli and are thus "alveolar in 
origin." When tlie air collection lies between 
visceral pleura and lung substance it is termed a 
bleh. They occur commonly at the apices and ordi- 
narily have little functioniil significance. Tlie term 
Inilla refers to an air space more than 1 cm in 
diameter, situated in the substance of the lung, and 
frequently seen in association with obstructive 
pulmonary emphysema. Acquired cysts may be 
seen as a sequel to lung abscess (due to cpitheliali- 
zatioa of the cavity), pneumonia, tuberculosis. 
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fungous disease such as coccidiodomycosis, or 
echinococcus disease. 

Air cysts are ordinarily asymptomatic. The pa- 
tient may suffer one or more of the complications 
which are (1) infection, (2) hemonhage, (3) rup- 
ture of blebs or subpleura] cysts with pneumothora.x 
formation or rupture of bullae with interstitial and 
mediastinal emphysema, and (4) respirator}’ in- 
sufficiency. Repeated infection is what tisually 
necessitates surgical removal of the diseased area. 
Communication with the bronchial tree determines 
the clinicnl behavior and functional deficit. The 
cyst may be air filled and remain stable in size over 
long periods if it communicates freely. If the 
opening is small and is intermittently occluded, 
the ^'St may enlarge progressively as air trapping 
occurs on expiration and may intermittently be- 
come infected and fluid filled. In infancy large 
unilateral cysts called pneumatoceles may dev’elop 
rapidly in association with pneumonia and occupy 
the entire hemithorax. In adults, a progressively 
enlarging bullous lesion may replace on entire lung 
and is itfferred to as the “vanishing lung syndrome." 
Multiple cysts are usually bilaterd and may simu- 
late bronchiectasis in their clinical course. 

The development of respiratory fnsuflioiency de- 
pends on tl^e communication of the cyst, jts size 
and the degree of parenchymal replacement or 
compression, and the presence of obstructive em- 
physema. U the cyst is large and communicates 
freely with the bronchial tree, the effect is on in- 
crease in dead space ventilation, as the wall of the 
cyst is poorly vascular and gas exchange does not 
occur. If the cyst communicates poorly or intermit- 
tently with the respiratory tree, air trapping and, as 
die cyst pows larger, compression of the surround- 
ing parenchyma occur. Obstruction to air flow and 
reduction in lung volume may be seen, and dyspnea 
is tiius due to both obstructive and restrictive ven- 
tilatory defects. Arterial oxygen unsaturation occurs 
if ventilation to surrounding parenchyTiia is reduced 
more than perfusion, leading to a venous admi.x- 
lurc effect. 

Tho presence of associated obstnJCti\'e emphy- 
sema must be detected prior to surgical removal of 
pulmonary cysts. Fluoroscopic demonstration of 
contralateral air trapping and restriction of dia- 
phragmatic motion, great reduction in maximal 
breathirig capadty, and large increase in residual 
lung volume may be helpful differential points. 
The finding of respiratory acidosis with ao ele- 
vated CO2 tension in the arterial blood nearly 
altTays indicates the presence of underlying, sex’cre 
obstructive emphysema and virtually precludes 
surgical therapy. This is not true of ox}'hemoglobin 
unsaturatinn as an isolated abnormality of the blood 
gases, as this may be relieved by surgical excision 
of a large cyst. 
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Physical examination may be unfcmarlcable. 
Tracheal deviation may be seen with large uni- 
lateral, poorly communicating cysts as well as 
mediastinal shifdng toward the lesion on inspiration 
and aw’ay on expiration. Hales may be beard tf 
there is infection or bronchiectasis adjacent to the 
cyst. Large unilateral air cysts simulate pneumo- 
thorax with hypetresonance, decreased or absent 
breath sounds, and tracheal deWation. 

Radiologically the cysts are usually tbin-walled 
and multiple but may be solitary and easily con- 
fused wi^ lung abscess, bronchiectasis, chronic 
nonspecific pneumonitis, staphylococcic pneumonia, 
and tuberculosis. Pneumothorax and encapsulated 
empyema with bronchopleural fistula must also be 
differentiated. Generally the same principles of 
medical treatment apply here as in lung abscess 
(seep. 1555). 

CHRONIC EhfPYEMA 

Chronic empyema is a persistent coUecb'on of 
pus or fibropurulent materid in the pleural space. 
In over 75 per cent of cases, Uie cause is inadequate 
treatment of acute empyema. Underlying lung dis- 
ease such as bronchiectasis, lung abscess, tuber- 
culosis, mycobc infection such os actinomy'cosis, 
and bronchogenic carcinoma may be the initiaUng 
process svhich has rendered the condition chronic 
and difficult to treat Other causes for cbronicity 
Include the formation of a bronchopleural fistula 
le.'iding to repeated infection of the area Occa- 
sionally a foreign body is present in the empyema 
cavity, such as a rubber drain or a sponge left 
behind from previous drainage. 

The pathologic change is essentially one of in- 
tense fibrous thickening of visceral and parietal 
pleura due to chronic fibrin deposition and organiza- 
tion. The cavity may be multilocuhated because of 
fonnation of fibrous septums. If the underlying lung 
is diseased, as in tuberculosis or bronchiecl.-isiS, fu- 
sion of the XTSceial pleura with pareniiiyma may bo 
such that separation is impossible. 

The history may extend anywhere from 6 weeks 
to 20 years or more. It is of utmost importance to 
obtain detaOs of the diagnosis and treatment of the 
acute illness, usually pneumonia. A history of tuber- 
culosis, previous thoradc surgery, brcmchiectasis, 
or in the case of older subjects, one suggeslh'e of 
bronchogenic carcinoma may proxidc the etiologic 
doe and thus direct management. The nmsptoms 
of chronic cmp)cma may be surprisingly ^ 
tuberculosis where the pleural infection may re- 
main latent for years. A poorly productive cou^ 
SMlh recurrent febrile episodes, chronic fatigue 
and malnutrition, intermittent drainage of pus 
from the scarred site of previous drainage, and 
moderate dyspnea may occur. Intermittent expec- 
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toration of purulent sputum may indicate the 
presence of bronchopleural fistula. 

The physical signs depend on the duration of 
the process. The scar of a previous drainage site 
may contain a small cutaneous fistula and inter- 
mittently discharge pus and oir. The hemithorax is 
contracted and poorly expansile. Its muscles are 
Masted. Scoliosis may be present, witli the con- 
vexity toward the normal hemithorax The percus- 
sion note is dull and the breath sounds are de- 
creased or bronchial if underlying lung is suffi- 
ciently compressed. Amphoric breath sounds and 
air bubbling through fluid may be heard in the 
presence of a bronchopleural fistula. Clubbing may 
occur. Secondary amyloidosis and cerebral abscess 
are unusual complications. Penetration of the 
chronic infection tlirough the intercostal soft bssue 
with spontaneous drainage through the skin of 
the chest wall may occur rarely (empyema neces- 
srtaHs), but particularly with mycotic infection 

The normochromic, normocytic anemia of chronic 
infecOon may be seen along with the hypopro- 
teinemia of malnutrition. Persistent albuminuria 
may be found if secondary amyloidosis has involved 
the kidneys. 

Roentgenograms of the chest reveal an asym- 
metrically small hemithorax with crowded nbs 
which may appear to overlap (“tiling"). An area of 
fib resection and bizarre, irregular periosteal prolif- 
eration may be seen in prcrviously treated cases. The 
area of empyema may be represented by radio- 
padty of the entire hemithorax. or there mav only 
be a basilar density obscuring the hemidiaphragm 
with a rim of thickened pleura extending to the 
apex of the lung. An air-Suid level may be seen if 
3 bronchopleural fistula is present. A grid film may 
reveal the condition of the underlying lung as well 
as demonstrating the thickness of the pleural "alls 
of the empjema cavity. Calcification of the pleura 
may be seen in cases due to tuberculosis or infected 
hemothorax. 

The thickened pleura encases and compresses the 
lung, prex’enting its expansion and contraction. 
The vital capaci^ Is reduced in proportion to the 
seventy of the restrictive ventilatory defect and 
accurately miirors its extent. Dyspnea of more than 
a mild degree is unusual when the contialatecal 
lung is normal. WTien extensive underlying pul- 
monary disease is present (e g , tuberculosis, bron- 
chiectasis), the entire lung may be nearly function- 
less and represents a "physiologic autopncumonec- 
tomy." The extent of the underlying lung disease 
and the duration of the empyema determine the 
degree of functional improvement foUmving therapy 
(e.g., pleural decortication). The ilise.ise may have 
been present for years, and stiff reexpansion imd 
excellent return of function may occur folimving 
surgery. 
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The management of chronic empyema depends 
on the etiology and the presence or absence of 
underlying pulmonary disease. Tlioracentesis with 
withdrawal of fluid for exdVnination and culture 
(routine as well as for tubercle bacilli and fungi) 
is necessary. The fluid is purulent or fibropuiulent 
and has a high specific gravity (>1.028) and 
protein content (>4 5 Gm per 100 ml). Varying 
numbers of polymorphonuclear leucocytes and 
lymphocytes may be present along with much 
amorphous debris. Lymphocytic eHusions with ab- 
sence or paucity of mesothehal cells should arouse 
suspicion of tuberculosis. A pleural biopsy should 
be done at the time of thoracentesis wth the Vim- 
Silverman needle. If this is unrevealing (as regards 
fungous disease or tuberculosis), a generous biopsy 
should be obtained at the time of surgical therapy. 
The extent of the empyema sac should be deter- 
mined by introducing air or radiopaque material 
after diagnostic thoracentesis If there is any sug- 
gestion of underlying lung disease, bronchoscopy 
and bronchogiap% should be considered, as the 
results Nvill have a direct bearing on therapy and 
prognosis. Culture of secretions obtained at bron- 
choscopy should be done both routinely and for 
tubercle bacilli. Tuberculin and fungus skin testing 
as well as gastric aspiration for culture of the 
tubercle bacillus should be done where indicated. 

The principles of successful treatment are eradi- 
cation of infection and obliteration of the empyema 
space, With freeing of the underlying lung. Thora- 
cotomy with local rib resection and drainage of the 
empyema sac under cover of appropriate antibiotic 
therapy is usuaUy the first step. Excision of the 
empyema sac and pleural decortication may be 
necessary ultimately. Drainage and local thoraco- 
plasty are occasionally employed to obliterate the 
cavity. In some cases Nvitb extensive parenchymal 
disease, pneumonectomy is performed. 

It is important to distinguish the postpneumonic 
empyema, now sterile and resolving slowly in a 
clinically well individual, from the chronically in- 
fected collection ad\ersely affecting the patient. 
Very frequently persistence with conservative ther- 
apy ^vilI result in complete resolution in the former, 
while it may do great harm in the latter situation. 
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CATlCINO\tA or THE RHONCUUS 

The great majonty of the neoplasms of the Umg 
arise mthin Uie wall or cpilliclial hmng of the 
bronchus, either centrally or peripherally. About 
half of all bronchogenic carcinomas arc squ.amou$ 
cell Ij’pes, About onc-thlrcl are liigWy anaplastic 
and arc designaled as undilTcrentiafcd carcinoma. 
These two tjpes occur predominantly in males. 
There is considerable sentiment to indict the smok- 
ing of cigarettes in the genesis of long cancer, but 
there are still tss-o sides to the question. More clearly 
carcinogenic arc the industrial exposures in the 
mining of radioactive ores, the refining of nickel, 
the manufacture of chrom.ntes and coal gas, ami the 
processing of arsenic and asliestos Tlic siliceous 
dusts, as encountered in mining, do not seem to 
increase the sailncrabiJity of the long to cancer. 

About one-fifth of bronchogenic cancers are 
adenocarcinoma These occur with almost equal 
frequency in fem.iles, and it has been sugcesled 
that they arise from emhrj'onic bronchial buds. 
They are usually highly malignant. 

Early Ijinphatic and vascular invasion arc so 
constantly a feature of bronchogenic caictnoma 
that initial svauptoms in many eases arc attributable 
to mctastascs. Tlicse involve the mediastinal ond 
supraclavicul.ir lymph nodes, brain, bone, adrenal 
cortex, liver, ond subaitaneous tissues. Tumors aru- 
mg in the apex of the lung may invade directly the 
brachial plexus and subclavian vessels producing 
neuntic pain, Homer’s sjndromc, and vasomotor 
crises in the hand and arm, the PoncoiMt sijndrome 


DI.SEASnS or obgan sistems 
of *M^«'r/iir sulciii liiinor. Secondar) involvement of 
the stijicriur mcdi.i5linum may cximpress the su- 
jHiior Vina cava, uilli n^sulling cdeni.i and vi-nmu 
suffusion of the face, neck, and arms, the supfrior 
tma caial syndrome. Less frequently, direct in* 
v.isiun of Uic esophagus behind the heart may be 
nsptnvsiblc for obscure tljsphagia. 

Another p.ilten) of snnptorns is to Iw attributed 
to llic encToathment ni the liirnnr sqvon the lujnni 
of the hronchtis or broncliiole. With partial oc- 
clusion of the lumen there is jKrsisfent cough, 
astlirtutic brc.ilhing, and s-r.ay evidence of local* 
i/ed emphysema. As the obstruction iH-comes com* 
pivtc. there is atelectasis, txrcurrcnt pneumonitis, 
distal firoiiehicctaiis, and occasionally, lung ab- 
scess. Hemoptysis is fairly common in Ixjth the 
early and the late stages. 

Ditnipulmonary manifestations unrelated to rret- 
oslalic spread may domimtr* the Initial symplotru- 
loliip-. Clubbing of the fingers, uilh or without 
p.unfully swollen Joints (pulmonary osteoarthrop- 
athy), is the most frequent pcriphiral sign of 
bronclxigeriic carcinorru. Migratory phlrbitu and 
peripheral neuropathy arc similarfy associated #i 
ore. h-ss commonly, hypercalcemia and Cushings 
syndrome. 

Ap.art from the demonstration of localized cm- 
physetna and legmciilal atelectasis, Uie most sug* 
gestive x-ray finding Is th.at of a hilar density 
extending jH’fiphcfally (see Tig. Bronchos- 

copy permits visu-ilizalion and biopsy of the pd* 
maty tumor in 40 to CO per cent of the eases. 
Cytologic study of the sputum, in expert kinds, may 
|HTmit diagnosis in 85 per cent, and is especial)/ 
useful for peripheral tumors. Early recourse to c*‘ 
ploratoiy tiiorocotmny vvltJi biopsy of the primary 
tumor or regional ikkK-s is this procedure of dioice 
In any controversial di-ngnosis. Contrast bronchog- 
raphy Is rarely Indicated. 

Tlic treatment of choice for bronchogenic txir- 
cinoma is radical pncumoni-ctomy. It is of great 
clinical concern that about one-lialf of the symp- 
tomatic patients, presenting at an average lapse of 
5 niontlis from onset, are rejected for operation 
on tlic basis of local extension or dbtant mctas- 
tascs. About one-third of the syTnptomatic cases 
prove to be resectable, and the 5-year survival r^ 
is about 0 per cent. In older p.ntlcnts with rcdiieed 
respiratory reserve, less radical resections, suai 
as lobectomy or partial pncwmonectomy w ith plastic 
reconstruction of tlie bronchus, have proved prac- 
tical without apparent reduction In the salvage rate. 
X-ray treatment and nitrogen mustard therapy oc- 
casionally retard the rate of growih and spread. 

Idrmtificatlon of the presence of a tumor before 
titc onset of sijrnptoms remains the chief hope for 
greater salvage. Mass radiography for tuberculosb 
has provided numerous instances of the silent and 



THE RESPIRATOHY SYSTEM 


ctiAF. 265 1561 



“solitary nodule.” Many of these have proved to 
be totally resectable cancers. The problcnx of early 
recognition of cancer of the lung is now so pressing 
that all males o\’cr forty should have x-ray examina- 
tion of the chest at intervals of 6 months. It is to 
be expected that refinement of cytologic techniques 
may contribute to early diagnosis. 

Carcinoma of the bronchus should also be sus- 
pected whenever any individual in the susceptible 
age group shows delayed resolution of any intra- 
pulmonary inflammation. The unresolved pneu- 
monia or a lung abscess or pneumonia recurrent 
in the same lobe in males over forty should invite 
immediate study for tumor. 

Tlic Troblcm of the Solitary Pulmonary Nodule. 
Occasionally, a roentgenogram of the chest may 
revc.ll a nodule, less than 6 cm in diameter, which 
is fairly sharply delineated from adjacent pulmo- 
nary tissue. Such lesions have been designated 
solitary pulmonary nodules, in preference to the 
term coin lesions. About onc-third of these are 
peripheral bronchogenic carcinomas, demonstrable 
as such only after excision. (Simple lobectomy can 
be expected to result in a cure in 73 per cent of 
these patients.) In the absence of other diagnostic 
aids, thoracotomy is indicated bj' the x-ray fodings 
in most cases. Ten per cent of such lesions are 
metastatic neoplasms, and about half are granu- 
lomas, with histoplasma, tuberculosis, and coccidi- 
oidomycosis responsible in that order. Hamarto- 
mas, hpid granulomas, lipid granulomas from oily 
nose drops, and pulmonary’ sequestrations also pro- 
duce this picture. A nonoperative program of con- 
tinued observation may be elected when a review 
of earlier films demonstrates no change over a pe- 
nod of 5 years, but it should be realized that such 
nodules have been followed for 8 years, only to 
declare themselves as cancers. Considerable inter- 
est in radiologically demonstrable calcium deposits 
has demonstrated that “flecks" of calcium may oc- 
cur in bronchogenic cancers. A central core or 
concentric lamellations of calcium are indicative of 
granuloma. (See also Table p. 1509, Some of the 
Causes of Puzzling Radiologic Pulmonary Shad- 
ows ) 

BRONCinOLAR CARCINOMA 
This disease has been known as pulmonary 
adenomatosis, but the ultimately fatal outcome and 
the increasing recognition of regional and distant 
nietastascs render suspect the identity of com- 
pletely benign pulmonary adenomatosis. It is not 
certain whether the tumor cells are derived from 
the basal cells of the terminal bronchioles or from 
the lining membrane of the alveoli. Usage dictates 
prefeieivce for alveolar cell carcinoma, or bronchio- 
lar carcinoma. There occurs in sheep a contagious 
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disease, of presumptive viral etiology, fcnovvn as 
faagzichc in South Africa, and as Montana chronic 
progressive pneumonia in the United States This 
disease is not transmissible to man, but is cliarac- 
tcrired by hyperplasia of cubotdal epithelial cells 
within the alveoli in striking similarity to the neo- 
plastic disease of man. 

The tumor appears to arise from multiccntrio 
foci, and ultimately in\ olves both lungs. Both sexes 
are susceptible, and the usual age of onset is in 
fhe fourth and fifth decades. Symptoms begin in- 
sidiously, often following an acute respiratofy 
fection. Cytologic examination of the sputum, even 
in early cases, frequently reveals tumor cells Pysp- 
nca, bwause of faulty gas exchange, is out of pro- 
portion to x-ray findings. Cough productive of the 
typically viscid pinkish sputum is a manifestation 
of the tumor. Terminally, there is frank hemoptysis 
with clubbing, intense cyanosis, recurrent pneu- 
monitis, and evidence of metastasis. Nodula'C and 
confluent patterns of the disease are recognized. 

The treatment of choice is surgical excision of 
the initially Involved lobe or lobes, when practical. 
There b some hope of palliation by x-ray therapy, 
but nitrogen mustard appears useless. 

ADENOMA OF THE BRONCHUS 

The bronchial adenoma is a locally invasive and 
occasionally metastasizing tumor derived frorO tlie 
mucous glands of the bronchus and requiring 
separate classification from the more rapidly grow- 
ing bronchogenic carcinomas. It constitutes jibout 
3 per «nt of all lung tumors and differs from 
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Fig 265*2. Hematogenous metastasis from sarcoma of 
the ileum maiVed by intense dyspnea and c)'aDosis. 
(Courtesy, Dr. C. L. Martin.) 


bronchogenic carcinoma in that it Is usually ap- 
parent before the iiftli decade, lacks seTual pr^ilec* 
tlon, and deselops metastases persisting for long 
periods >Mthout apparent change. 

Histologically the adenomas show a peculiar epi- 
thelial proliferation and an equally peewar stroma. 
Inclusions of bone are thought to represent met.v 
plasia from chronic infection. The mixed tumor 
(cylindroma) type (lOpercenl) is somewhat more 
invasive than the carcinoid adenoma (90 per cent). 
There is still controversy about these tumors as 
regards etiology, the occurrence of mixed types, 
the absence of argentaffin granules in the types 
designated as carcinoid, and their relationship to 
other polypoid tumors of the bronchial wall. 

Tlie adenoma syndrome is the clinical conse- 
quence of the slow gro'vth of a vascular tumor pro- 
ducing major bronchial occlusion in a young person, 
i.e., hemopty’sis, asthmatic wheezes, obstructive 
emphysema, recurrent pneumonitis, and the com- 
plications therefrom: bleeding, atelectasis, bron- 
chiectasis, pleuritis, lung abscess, and empj’cma. 
The lower lobes are more often affected, and there 
is a slightly greater incidence on the right Side- 
Contrast radiography (bronchography or toinog- 
raplij’) often demonstrates the tumor, but routine 
x-ra)s are nonconlnbiitory in about one-fiflli of the 
cases About 00 per cent of the tumors may be 
recognized bronchoscopically by their polypoid ap- 
pearance, mobility. x-ascul.arit)% and absence of 
ulcerations. Tlie vascul.mly dictates caution in the 
indicated biopsy. The lack of ulceration explains 
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the absence of tumor cells in sputum and bronchial 
washings. 

Older methods of piecemeal excision by repeated 
bronchoscopic niblilings have largely been replaced 
by direct surgical removal of the primary tumor, 
the inxolved hilar lymph nodes, and the sceondanly 
diseased lung Exceptions to pneumonectomy con- 
sist of lobectomy for the more peripheral tumor 
without involvement of liUar nodes, and bron- 
(hotomy for the small tumor with a liny stallc. 
Long teiTO survival is the rule, especially for the 
carcinoid adenomas. Mediastinal recurrence and 
liepatic metnstascs are an especial hazard of the 
mixed tumor adenomas (cylindromas). There is 
some evidence to suggest that true bronchogenic 
carcinoma may occasionally develop within an 
adenoma. 

METASTATIC TUMORS OF THE LUNG 

Metastasis to the lung results from infarction with 
tumor emboli carried by the peripheral veins. The 
x-ray appearance is frequently characteristic and 
may appear as a solitary “cannonball” nodule, 
multiple nodules (see Fig. 265-2), or miliary dis- 
semination knowTi as hjmphangitic carcirtomaiosls 
(see Fig. 265-3). It is hazardous to make an x-ray 
diagnosis of lymphangitic carcinomatosis of the 
lung in the absence of clinical evidence of abeolar 
capillary block, namely, severe dyspnea and obvious 
cyanosis. Sarcomas, liypemephromas, melanomas, 



Fig. 263.3. So-called “lymphangitic carcinomatosis, 
metastatic from a carcinoma of the cervLt. (Courtesy, 
Dr. C. L. Martin.) 
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and tumors of the testicle, breast, thyroid, and 
pancreas seem to find the lung an especially favora- 
ble site for the growth of metastases. 

Dyspnea and pleuritic pain arc the cardinal 
s)mptoms of lung metastases. Erosion into the 
bronchial tree may be associated with cough, he- 
moptysis. and occasionally, with tumor cells in the 
sputum. Treatment Is largely palliative, vwth opiates 
and repeated Uioracentcses to relieve the pain and 
dyspnea. Irradiation may prove helpful for sensitive 
tumors, but more reliance is placed upon hormonal 
or isotope approaches for specific tumors. 

In the course of exploratory thoracotomy for 
asymptom.ntic solitary nodules, it occasionally hap- 
pens that a metastasis from a previously unidenti- 
fied primary tumor is found. The ground niles for 
deliberate surgical e.Tcision of solitary lung mclas- 
tases include prior control of the primary focus, 
lapse of a reasonable length of time between initial 
treatment and appearance of the lung metastasis, 
and absence of other areas of tumor recurrence. 


PIUMARY TUMORS OF THE PLEURA 
Localized pleural tumors are usually proved to 
be mescnchymonas of subpleural mcsodennal ele- 
ments or granulomatous Inclusion cysts complicat- 
ing interlobular inOammation. Primary pleural neo- 
plasms are restricted to the mesothelioma. This 
may occur as a localized tumor, frequently arising 
from the visceral pleura or embcrldw in the lung 
and distinctisely associated with clubbing and 
arthralgia which disappear after removal of the 
tumor. The diffuse mesotheliomas require diificult 
differentiation from metastatic anaplastic carcinoma 
with pleural effusion and are characterized by a 
comparably intractable course. Treatment is lim- 
ited to repeated thoracenteses, radiation therapy, 
and instillation of radioactive gold as palliative 
procedures. 
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DISEASES OF THE 
AUU PLEURA, mediastinum, 
AND DIAPHRAGM 
Ben V. Branscomb and 
T. Jl. Harrison 

THE PLEURA 
Ilijthothorax 

The typical physical signs of the accumiilation 
of noninfiammatory fluid in the pleural cavity in- 
clude prominence of the interspaces on the affected 
side, which displays a dull to flat percussior' note 
with diminution of breath sounds and of spnl^cn 
and whispered voice. The heart ond trachea tend 
to be displaced toward the normal side of the chest, 
and the circumference of the involved side may he 
demonstrably greater by measurement. Certain 
aspects of this disorder have been considefcd in 
the chapter dealing with congestive heart ffulure, 
which is much the commonest cause. Les^ ^Te- 
quently, hydrolhorax may occur in persons '^ith 
hyToproleinemia due to nephrosis or cirrhosis, or 
it may be caused by neoplastic or traumatic disor- 
ders involving the thoracic duct. In the latter in- 
stance the fluid is chylous, with a mJky appearance 
due to the presence of fat droplets. The rnecha- 
nism of the accumulations of pleural fluid associ- 
ated with benign tumors of the ovary (Meig’S syn- 
drome) remains to be clarified. 

An unusual variety of hydrothorax is that due to 
an interlobar effusion. The resulting rounded mass 
is likely to be confused with a neoplastic shadow 
but tends to disappear as cardiac failure improves 
(phantom tumor). The distinction of the itonin- 
flammatory hydrothorax from eflfusions diie to 
pleuritis is discussed below. The treatment is that 
of the underlying cause of the condition plus the 
withdrawal of fluid by puncture when this is 
needed for the relief of dyspnea (p. 1564). 

Pleuritia 

The widespread radiation of pain arising from 
pleural irritation has been previously considered 
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(p. 15). The cardinal feature of the pain is its 
sharp stabbing q<.uUty, with aggravatiott deep 
inspiration and, particularly, by tlie more sudden 
respiratory acts such as coughing and sneezing. 

Inflammation of the pleura is commonly due to 
infections, the most frequent being tuberculous, 
the bacterial pneumonias, and the various viral 
diseases which affect the respiratory tract. Much 
less frequently pleuritis is the result of the spread 
from below of a subdiapliragmatic or hepatic ab- 
scess. Ischemic pleuritis consequent to pulmonary 
infarction is perhaps the second commonest cause. 
However, pleural involvement due to collagen dis- 
ease, especially by rheumatic fever or disseminated 
lupus, or to neoplasm is not unusual. Trauma is an 
occasional cause. 

ribrinota Pleurisy. Acute fibrinous or dry pleu- 
risy occurs in most persons at some time in their 
lives and is rarely serious. The clinical manifesta- 
tions are those of the associated causative disease, 
which is visually a respiratory infection, pleural 
pain, and the characteristic friction rub, which Is 
absent m many instances. This pleural friction 
sound must be distinguished from respiratory 
wheezes. 

Fibrinous pleurisy must be distinguished from 
pain arising in tlie structures of the chest wall and, 
particularly, from fractured rib. The latter condi- 
tion may also produce pain on brcathuig but Is 
especially apt to be aecompanfe<l by dbcomfort on 
specific motions of the body, such as turning or 
twisting, and may be associated with exquisite 
tenderness over a sharply localized area. 

Tlie treatment of dry pleurisy is largely that of 
the causative disorder. If pain persists despite 
voluntary restriction of respiratory excursion, me- 
chanical measures which limit chest motion may 
be used These include lying on the affected side, 
the use of chest binders to limit intercostal and 
promote diaphragmatic excursion, and strapping of 
the affected area with adhesive plaster. If a pro- 
ductive cough is present, binders should not be 
used. Here, application of heat, spraying the chest 
with ethyl chloride, or occasionally intercostal 
nerve block will be helpful. 

Pleuritis tcitb tffiision (5cro^trinoos Pleurhij), 
In general, the seriousness of pleural effusion de- 
pends on that of the underlying cause. However, 
the effusion itself may produce dyspnea due cither 
to the marked encroachment on lung volume or to 
the shallow breathing made necessary by the pain. 
Pronounced pleural reaction, such as sometimes 
occurs with effusions, may cause permanent im- 
pairment of pulmonary function with constrictive 
pleuritis, which increases the work of breathing 
and interferes with filling of the hmg in the same 
way that constrictive pericarditis hampers filling 
of the heart. 
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Three diagnostic problems are invoh'cd in p.v- 
tients with pleural effusion. The first is the recogni- 
tion of the presence of the fluid in the chest, flus 
depends on the radiologic and physical findings 
which have been mentioned in relation to hydro- 
thorax. The second problem is the distinction of 
inflammatory from noninflammatory effusions. This 
depends in large measure on the associated find- 
ings such as pleural pain and friction, vvhicli are 
absent in patients with simple hydrothorax. The 
character of the pleural fluid (see below) is also 
of great importance in this distinction. 

The third diagnostic problem is that of the detee- 
Uon of the underlying cause, once an effusion has 
been recognized to be of the inflammator)’ type 
Here, the total clinical picture will often be deci- 
sive, as when rheumatic fever or typical lupus 
erythematosus is the cause. Similarly, there will lie 
no doubt when the patient presents the classic 
evidences of lobar pneumonia or those of phlebo- 
tbrombosis plus pulmonary infarction. However, in 
many instances the cause of the effusion will not 
be immediately apparent, and the diapiosis will 
depend in large measure on careful examinatiem of 
the fluid Itself. 

^^'hen pleural fluid is removed, a portion should 
be drawn into a vessel containing an anticoagulant- 
Otherwise, clotting may prevent its careful study, 
which is often essential for diagnosis. The exam- 
ination should include gross inspection, measure- 
ment of specific gravity, cell content, and the utili- 
zation of appropriate staining and culture methods 
for tubercle bacilli, fungi, aerobic and anaerobic 
bacteria. The content of protein should be meas- 
ured. and cytologic examination for malignant 
cells should bo made. If the fluid is witlidrawn and 
discarded, it m.ay subsequently be difficult to ol*- 
tain a sufficient quantity for study and the oppor- 
tunity for diagnosis will have been lost. 

Gross inspection may reveal the obviously pu- 
rulent fluid of empyema (p. 889) or the imlkY 
appearance of chylothorax — usually the result of 
traumatic or neoplastic damage to the thoracic 
duct. Blood is usually present in fluid due to 
carcinoma or infarction but may also be seen io 
the effusions of tuberculosis, congestive failure, 
and other diseases. 

The specific gravity is helpful in scparatbig the 
transudates from the exudates. About three-fourth^ 
of the patients with congestive failure have fluids 
with specific gravity of less than 1.016, and a 
similar percentage of patients with tumor or tuber- 
culosis have values greater than 1.016. The separa- 
tion of the transudates from the c.xud.vtes is some- 
what more precise when a protein concentration 
of 3 Gm per 100 ml of Buicl b used as the dividing 
value. 

The organisms can be recovered by smear ot 
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culture in about two-thirds of the tuberculous fluids. 
The leukocyte and difFercnti.il counts are of b'tlle 
value in establishing the etiology of nonpurulcnt 
effusion. 

Needle biopS)' is simple and often provides early 
histologic diagnosis. However, it must be carried 
out ^^hen sufficient effusion of air is present to 
separate the pleural surfaces. For this reason, the 
procedure should be considered early — prior to 
aspiration of all the fluid. In the hands of a 
pathologist skilled in the distinction between malig- 
nant and inflammatory endothelial cells, a correct 
cytologic diagnosis of neoplastic disease may be 
made in more than hall the patients with malignant 
effusions. This finding seems to be independent of 
the presence of blood. 

Tumors of the pleura cause mass!\e and often 
rapidlj’ recurring effusion. The x-ray frequently 
shows masses or sheets of tissue implanted on the 
pleura, especially if the fluid is removed and air 
injected into the space. The most common neo- 
plasms are carcinoma of the lung and breast, 
lymphomas, and less often, primary pleural meso- 
thelioma. Benign pleural fibroma is a rate but 
curable cause of effusion. 

In a considerable proporUon of patients with 
pleural effusion, doubt as to the cause will remain 
even after the most thorough consideration of the 
total clinical picture and the most meticulous exam- 
ination of the fluid. The tendency to designate such 
patients as having “idiopathic pleural effusions” 
sho^d be condemned. It has been properly said 
tliat the term idiopathic applied to such a patient 
is idiotic from the standpoint of the physician and 
pathetic from that of the patient. Such confusion 
of a name w-illi an explanation may lead to a false 
sense of security and a failure to pursue the careful 
future following which is necessary in all patients 
with effusions of undiagnosed cause. It is likely 
but as yet unproved that viral infections are re- 
sponsible in many instances, and in these, no further 
complications are to be expected. However, pleural 
effusion may be the earliest and the sole manifesta- 
tion of tuberculosis, and many such patients %vill 
subsequently de\’e]op lesions in the lungs or else- 
where. Therefore, repeated subsequent careful ex- 
aminations are essential. One or more altadws of 
pleuritis \vith effusion may be the sole manifestation 
of pulmonary infarction. 

The first principle in the management of the 
patient \vith pleuritis and effusion is the treatment 
of the underlying causativ’e disorder. The second 
is the appropriate utilization of thoracentesis. This 
procedure is indicated for diagnosis in almost all 
instances, and is frequently needed for the rehef 
of dyspnea. Thoracentesis is Lkewise indicated to 
promote reexpansion of the lung and prevent its 
future mechanical deformity when spontaneous 
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resolution of the fluid fails to occur wathin a few 
weeks. The purulent fluids constitute special prob- 
lems, and these have been considered in a previous 
chapter (p. 893). 

Chronic Adhesice Fleurilis. All degrees of this 
disorder exist. A few small adliesions between the 
parietal and visceral layers is a routine autopsy 
finding and ordinarily carries no clinical signifi- 
cance. Such adhesions are not detectable by ph)'si- 
cal examination and ma)' or may not be seen in the 
x-ray as ‘‘lenling" of the diaphragm or thin shadows 
at the apex or in the interlobar fissures. These minor 
lesions arc presumably the result of the minor 
episodes of diy pleuritis, which most persons have 
in association with one or more respiratory infec- 
tions at some time during their lives. 

Widespread and marked pleural thickening suffi- 
cient to interfere pulmonary function is usu- 
ally the end result of empyema or of tuberculous 
effusions. The physical signs resemble those of 
effusion in the presence of dullness and diminished 
breath sounds. However, the affected side of the 
chest is smaller than the normal opposite side, and 
the mediastinum is shifted tmvard rather than away 
from the disease process. In the earlier stages there 
may be a combination of extensive pleural thicken- 
ing In some areas, with localized accumulations of 
fluid in others, and during this phase the medias- 
tinum may be shifted in either direction, depend- 
ing on which process predominates. 

The distinedon of pleural thickening from pul- 
monar)' atelectasis may be difficult or impossible 
by physical e.xamination but will usually be re- 
solved b)’ the x-ray. 

Advanced pleural thickening with or w'ithout 
calcification compromises the excursion of the af- 
fected lung and also interferes with bronchial 
drainage, thus promoting stasis and infection and 
favoring progressive pulmonary damage and fur- 
ther pleural injury. When the disorder is advanced, 
medical management is ineffective and decortica- 
tion of the lung by an extensive surgical procedure, 
with resection of the diseased pleura, may be indi- 
catfxl. However, it is much better to prevent this 
disorder by the early recognition and proper man- 
agement of empyema and of tuberculous effusions 
(pp. 893 and 1014). 

Pneumothorax 

Spontaneous Pneumothorax. This is a frightening 
emergency which often affects apparently healthy 
young men. There may be a history of some un* 
usual exertion, but the rupture of the lung, ordi- 
narily assumed to occur in a small subpleural bleb, 
usually does not accompany the exercise. Older 
patients with pulmonary emphysema are also prone 
to develop pneumothorax. In these indh’iduals the 
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lack of retractive force of the Jung may result in a 
collapse of only a limited extent. However, the 
gravity of pneumothorax in such patients is en- 
hanced by the underl)nng limitation of pulmonary 
rcscr\'e and also by the avascular character of the 
pulmonary surface, %vith consequent slow healing 
of the leak. Spontaneous pneumothorax is occa- 
sionally seen in sarcoidosis, silicosis, and in mis- 
cellaneous fibrotic or infectious disorders of the 
lung; uhen nipture occurs through an infected 
area as in patients with tuberculosis, carcinoma, or 
lung abscess, }njQpneumoihoTca or an infected 
liemopncumothoTOx usually ensues. Here the man- 
agement must include that of the underlying pul- 
monary disease, and of the resulting em|yema, as 
ucll as maneuvers designed first to prevent pleura] 
scarring and l.ater to restore ventilatory function. 
Persistent bronchopleural fistula is a common and 
distressing problem in such patients. 

Tension pneumothorax consists of the progres- 
sive increment of positive pressure in the pleura] 
space by a ball-valve action of the air leak. Deep, 
gasping inspirations, which are common in the 
orucious and dyspneic victim of a spontaneous 
pneumothorax, serve to aspirate large t'olumes of 
air into the pleural cavity. During expiration the 
leak becomes obstructed Cyanosis is often intense, 
and failure to decompress the pleural space within 
a few minutes may result in death. 

The diagnosis of spontaneous pneumothorax is 
suggested by sudden severe dyspnea with unilat- 
eral chest pain, usually pleuritic in character, plus 
t.'ich}cardia and shock in some patients. Physical 
findings may include cyanosis and displacement 
of the tracliea and mediastinum as well as the 
classic signs of air in the pleural cavity. A small 
pneumothorax may be overlooked in the x-ray and 
m.ay produce only minimal signs. Thus the physi- 
cian must be skilled in physical diagnosis. Recogni- 
tion of pneumothorax is especially treacherous in 
the presence of emphysema, which itself may cause 
wide flat inlcrspaces, increased resonance, dbtanl 
bronchial breathing, or absent breath sounds 

X-ray demonstration of pneumothorax is best 
obt.ained during full expiration which sharpens the 
contrast between the lung and tlie pleural air. 

Spontaneous pneumothorax b often a recurrent 
disorder. Adhesions acquired as a result of spon- 
t-mcous pneumothorax may prevent total collapse 
of the lung at the time of a subsequent episode. 
Hoiv'cver, although dyspnea may therelty less- 
ened, these adhesions may increase tl»c pain. In 
order to prevent recurrent pneumothorax, several 
operations have been devised, all of which depend 
on the production of pleural symphjsis. Most satis- 
factorj’ b probably the decortication of the pleura 
combined with resection of blebs. Opinion is di- 
vided concerning the number of pneumothoraxes 
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which should be permitted before these operations 
are attempted. 

Tlie management of a spontaneous pneumotho- 
rax with only slight retraction of tlie lung from the 
chest wall and minimal s)’mptoms should consist 
in observation alone. When the findings are more 
compelling, a needle should be inserted immedi- 
ately into the pleural space. If the pressure is posi- 
tive throughout most of the rcspiratoiy cvcie, 
which may be detected by observing the plunger 
to be blown back in the syringe, the latter should 
be removed until atmospheric pressure is attained. 
A thoracic pump or, if Ihb is not available, an 
underwater trap is then attadaed. 

Once the tension pneumolhonw is controlled, the 
decision must be made whether tubes are to be 
inserted into the chest for furtJier decompression 
or whether simple aspiration will suffice. Tubes 
attached to a pump should always be emplo)’ed 
when there is a tension pneumothorax, when there 
is respiratory insufficiency, when there is fluid and 
therefore the hkehliood of infection, and when 
there is a history of pneumothorax on the opposite 
side. Olhenvise, a needle should he inserted and 
air aspirated until a mean negative pressure of 3 or 
4 cm of water is attained. If, after a few moments 
of waiting, the pressure has crept back to an 
atmospheric level, the leak is still open and a lube 
should be inserted. If the pressure remains nega- 
tive, the needle may be removed. From 12 to 2'1 
hr later a needle is again inserted and the pressure 
again measured. If the lung has not leaked, the 
pressure will now be more negative than previously 
and as mucli air as possible should be removed 
The remaining air is allowed to absorb If, on the 
other hand, the pressure indicates continued leak- 
age into the pleural space, one should not delay 
longer the insertion of a tube. 

Hemothorax. Hemothorax or blood in the pleural 
space may accompany pneumothorax, as discussed 
above, may be associated with a broken rib, or m-ay 
occur as a result of a neoplasm. Diagnosis may be 
aided by cytologic examination and by x-r-iy after 
removal of the blood, perhaps with instillation of 
air to demonstrate the pleurid surfaces. If blood is 
allowed to remain, the likelihood of empyema and 
also of fibrothorax is Increased. Ventflatory function 
Is often preserved after traumaU'e hemothorax by 
early thoracotomy for decortication of the restrict- 
ing layer of organizing thrombus. 


DISORDERS OF THE MEDIASTINUM 

Tumors and aneurysms within the mediastinum 
are discussed on pp. 1365 and 150S, respectively. 
AD the disortlers of the pleura may at times involve 
the mediastinal surfaces, and a collection of pleura 
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fluid lodged between the lung and the mediasti- 
num may resemble a mediastinal mass. 

Displacement. When a major brondius on one 
side is completely obstructed, the mediastinum will 
move to the opposite side during e.spiration, remain 
there until inspiration, and then return. In partial 
bronchial obstruction the structures shift similarly 
during cspiratlon but then begin to drift back 
toward the midline prior to inspiration. During 
inspiration the mediastinum is then pulled fou'ard 
the obstructed side, but if the breath is then held 
at full inspiration, it drifts back to the center. 

Ollier common causes of mediastinal displace- 
ment include (1) various types of chest deformity, 
(2) hydrothorax and pneumothorax, which push 
the mediastinum away from the lesion, and (3) 
atelectasis and pleural adhesions which pull the 
mediastinum toward the diseased side. Scars in the 
apex of the lung, such as in old fibrotic tuberculo- 
sis, may lead to sharp angulation of the tradiea, 
with obstructive dyspnea. 

Herniation. The parietal pleurae of the tw'o lungs 
are in apposition in the anterior superior mediasti- 
num and also in the posterior inferior {retrocar- 
diac) area. At these sites the lung of a patient w'ith 
bullous emphysema may herniate from one side far 
into the contralateral hemithorax. 

Acute Mediaslinitis. This may be associated with 
deep phaij'ngeal, thyroid, or cerNical infection, 
W'ith pyogenic pneumonia, and rvith many WraJ and 
rickettsial diseases, Retroxipholdal p.im, aggravated 
by breathing, by extension of the head, and by 
j-awning, is a common manifestation. The prob- 
lems are analogous to acute plcuritis except that 
residuals of infection may obstruct tbc venous re- 
turn, may damage the phrenic or recurrent laryn- 
geal nerve, and may involve the pericardium. 

Rupture of the esophagus which produces acute 
mediastinal necrosis and constitutes a grave emer- 
gency is discussed on p. 1589. 

Spontaneous Mcdustinal Emphysema. This con- 
dition may occur following rupture of a pulmonary 
alveolus, with dissection of air along tbc vessels 
and extension to the mediastinum. The tight rclio- 
stemal pain accompanied by venous distention and 
cyanosis may lead to an erroneous diagnosis of 
myocardial infarction. However, the pain is more 
likely to be shaqjly aggravated by breathing, a 
systolic popping, cliclving, or crunching sound 
(Hamman's sign) is often heard, cervical subcu- 
taneous emphysema may be present, and the x-ray 
may demonstrate air in the mediastinum. 

Other causes of mediastinal emphysema include 
tension pneumothorax, thoracentesis, tracheotomy, 
thoracotomy, and pneumoperitoneum. The outlook 
is usually good, but rarely convulsions or ev'en 
death from air embolism may occur. The likelihood 
of subcutaneous and mediastinal emphysema with 
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pneumothorax or following thoracotomy is greatly 
lessened by tlie use of the Emerson high flow, low 
pressure thoracic pump, emptying the pleural space 
through adequately large tubes. 

DISORDERS OF THE DIAPIffiAGM 

Displacement. Because of the liver, the right 
hemidiaphragm is normally about 4 cm higher than 
the left Upward displacement of a localized area 
may be caused by a subdiaphragmatic mas? such 
as an abscess or by an adhesion within the thorax. 
Less commonly, it is the result of a congenital 
weakness of a small area of diaphragm. Upw-ard 
displacement of both sides is common in disorders 
associated with high intraabdominal pressure, soch 
as pregnancy, extreme obesity, or ascites. fVhen 
the total long capacity is reduced as with diflfuse 
pulmonary flbrosis, the diaphragm may be pulled 
upward to its normal expiratory position. Con- 
versely, the loss of pulmonary retractive force' asso- 
ciated with emphysema causes an abnormally low 
position, and the Uver may be palpable even 
though U is not enlarged. 

Unilateral downward displacement results from 
pleura] effusion. Occasiondly, pleural fluid 
collect entirely between the diaphragm and the 
inferior aspect of the lung, rather than in the lateral 
and posterior aspects of the pleural cavity, thus 
causing both physical e.xamination and the **ray 
to give the erroneous impression of a high position. 

The diaphragm norm^y moves 4 to 10 ctti "’ith 
deep breathing. Scarring following empyema, hemo- 
thorax, or long-standing effusion not only limits 
excurs'ion but may produce a bxed high po^Vatm, 
simulating paralysis. Injury to the phrenic nerve 
results in variable degrees of elevation and reduced 
motion. The high completely paralyzed diaphragm 
moves paradoxically upward during quick inspira- 
tion. Partial injury to the phrenic nerve — which 
may be important in the evaluaUon of a mediastinal 
mass — someb'mes can be detected only by fluoro- 
scopic demonstration of a lag in the descent of the 
diaphragm during inspiration or a failure to move 
cither way. The usual cause of phrenic paresis or 
paralysis is invasion by tumor; less frequent causes 
are mediastinitis or extensive scarring of the ad- 
jacent pleura. Therapeutic phrenic crush is now 
rarely done, but trauma to the nerve may occur 
with thoracic or cervical injury. 

Singultus, or Hiccup. This is a quick involun- 
tary contraction of the diaphragm with a closed 
glottis and may be of central origin, as in persons 
witfi encephalitis or brain-stem injury. More com- 
monly, it appears to be initiated by reflexes arising 
from neighboring organs. Thus it may be present 
in patients with myocardial infarction, pneumonia, 
gastric distention, pancreatitis, or peritonitis. Pro- 
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longed singultus is e\liausting and interferes Mith 
nutrition as well as with respiration. WTien gastric 
suction, antiemetic drugs, carbon diodde breathing 
or rebreathing in a paper bag faO, the phrenic 
ncr\e may be anesthetized. The nci%’e also can be 
rendered refractory by rapid stimulation over its 
source in the neck, using an clectrophrenic respira- 
tor. 

Diaphragmatic Flutter. Diaphragmatic flutter Is 
a rapid regular or irregular contraction of the 
diaphragm, continual or in paro-r)'sms. It may be 
painful. The cause is usually obscure but in some 
instances appears to be hysterical. Often only a 
smaD portion of the diaphragm is involved, and if 
this area is on the left, the repetiti\e audible sound 
of the contraction may lead to an erroneous im- 
pression of cardiac anlnthmia. 

llcmhtion. llemisiKm ^ the ah^omin:^ J'tfccra 
tlirough the diaphragm may occur in several loca- 
tions, including the anterior substemal space (fora- 
men of hforgagni), the pleuroperitoneal hiatus, and 
through defects in the posterior portion of the 
diaphragm near the esophagus By far the most 
frequent site is through the esophageal hiatus itself 
(p. 1581). Fluoroscopic examination of the barium- 
fiUed stomach with the patient in the head-down 
position is the best me-ins of demonstrating a dia- 
phragmatic hernia. AVhen a portion of the fundus 
of the stomach lies above the di.iphragm, one must 
ascertain whether in addition an abnormally short 
esophagus is also present because of the more ddB- 
cult surgical correction of this condition. 

Esentration. Eventration of the diaphragm con- 
sists of an extreme upward displacement of a con- 
genitally thin, often membranous, hemidiaphragm 
and must be distinguished from a large hernia or 
total absence of the hemidiaphragm since the sur- 
gical management is quite different. These tlis- 
orders may cause digestive symptoms, dyspnea and 
cough, recurrent pulmonary infections, or may be 
asymptomatic They m.ay be suspected only when 
abdominal sounds are heard in the thorax of the 
recumbent patient, thus representing an exception 
to the rule that the Sitting Or standing position is 
best for pln’sical examination. The diaphragm in 
c\cnlration can often be seen, esen though it is 
thin on the radiograph, but for a positive diagniKis 
one may have to instill a few hundred milliliters of 
air into the abdominal cavity and then detennine 
by x-ray whether the air collects under the dia- 
phragm or at the apex of the lung 
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0^7 TUMORS OF THE 
AU/ MEDUSTINUM 

Qtistaj E. Lindskog 

Mediastinal tumefactions may be dassifled ac- 
cording to their pathogenesis as follows: true neo- 
plasms (eg., thymoma), congenital malform.'ib'ons 
{c.g., bronchogenic cysts). Infections (e.g., tuber- 
culomas), and degenerative lesions (e.g., arterio- 
sderotic aneurysms). True neoplasms may be pri- 
mary or secondary and benign or malignant. 

Within the narrow confines of the mediastinum 
even the most benign and slowly growing tumor 
can on occasion produce Irreparable damage to the 
host by mechanical encroachment, compression, 
and obstruction of vascular channels, the esopha- 
gus, and the tracheobronchial tree. Infection may 
develop in cystic lesions from blood-borne sources 
or by direct extension after erosion into the bronchi 
or into the esophagus. A comprehension of medi- 
astinal anatomy is therefore essential to the study 
of mediastinal tumors; furthermore, any attempt to 
define the pathologic nature of these lesions before 
surgical excision must lean heavily on their loca- 
b'on in the mediastinal compartments, since the 
different varieties of tumor have definite sites of 
preddecUon (Fig. 267-1). 

Anatomy of the Mediastinum. The mediastinum, 
as the name implies, is a space lying between the 
right and left pleurae in or near the median sagilW 
plane of the thorax. More for clinical purposes than 
for anatomic reasons, the mediastinum has hem di- 
vided into four compartments: superior, anterior, 
middle, and posterior. 

The superior mediastinum is bounded in front 
by the manubrium and behind by the upper four 
thoracic vertebras. Inferiorly, it is demarcated by 
an imaginary line extending from the m.mubrio- 
gladiolar juncluic to the fourth vertebral bocly 
This space contains the aortic arch and its majnr 
branches (innominate, left subclavian, and left com- 
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mon carotid origins), the innominate veins, and 
the upper half of the superior vena cava, the 
trachea, esophagus, thoracic duct, thymus gland, 
some lymph nodes, and the vagus, phrenic, left re- 
current, and cardiac sympathetic nen’es. 

To be found in the superior compartment are 
bronchogenic cysts, tuberculomas, thyroid and 
parathyroid adenomas, teratomas, and metastatic 
tumors. 

The anterior mediastinum is demarcated in front 
by the sternum, posteriorly by the pericardium, 
and below by the diaphragm. It is a very meager 
space and contains normally only some areolar tis- 
sue, lymphatics, lymph nodes, and branches of the 
internal mammary arteries. 

In this space may be located teratomas, thy- 
momas, lymphangiomas, and any of those listed 
for the superior mediastinal space. 

The middle mediastinum comprises the heart 
and its pericardial covering, the ascending aorta, 
the lower portion of the superior vena cava and its 
junction with the azj’gos vein, the bifurcation of 
the trachea, the proximal pulmonary arteries and 
veins, the phrenic nerv’es, and some lymph nodes. 

In this compartment may be found bronchogenic 
cysts and pericardial cysts or diverticula. 

The posterior mediastinum is bounded in front 
by the heart, in back by the lower eight thoracic 
vertebras and the shelving posterior portion of the 
diaphragm. It contains the thoracic descending 
aorta, the azygos and hemiazygos veins, the 
esophagus, the thoracic duct, the vagus and 
splanchnic nerves, and some lymph glands. 

In the posterior mediastinal compartment are 
typically found neurogenic tumors and also certain 
bronchogenic, esophageal, and gastroenteric cysts. 

Symptomatology. A majority of benign medi- 
astinal tumois are asymptomatic and are discovered 
in the course of routine roentgenograms or those 
done for other purposes. With very few exceptions, 
symptoms are not specific and are caused by com- 
plications which include pressure necrosis, second- 
ary infection, hemorrhage, and rupture of c>slic 
lesions into a neighboring viscus. Thus fever, 
cough, dyspnea, rvheezing, chest pain, and hemop- 
t)’sis may occur in any combination and sequence. 
Dysphagia is not a very common symptom. 

^Ialignant tumors which invade extensively in 
the mediastinum tend to produce the so-called 
syndrome of the superior vena cava. This is mani- 
fested by edema of the neck, face, and conjunctiva, 
together with distention and increased pressure in 
the veins of the neck, chest, and upper extremi- 
ties. Epistaxis may occur, and also hoarseness from 
lai)ngcal edema or parabsis of the recurrent nerre. 
Tlie patient may have sc\erc lieadachc, fainting 
spells, and vertigo. Tliis S)-ndromc sometimes oe- 
CTirs with very large benign tumors, such as th^TOid 



Fig. 267-1. A simplified btcral projection of the chest 
showing sites of predilection of various mediastinal 
tumefactions. (Courtesy, Dr. John Chapman.) 


adenoma, located in the superior aperture of the 
thorax. 

One pathognomonic symptom of a particular 
mediastinal tumor is trlchopiijsis or the spitting up 
of hair, usually accompanied by sebaceous mate- 
rial This occurs in the case of dermoid cysts, but 
only when Sstulizalion into the tracheobronchial 
tree has taken place. 

DilTcrential Diagnosis. Certain lesions originating 
in structures outside the mediastinum proper can 
intrude themselves secondarily and give rise to con- 
fusion in diagnosis. Such include (1) suhstemal 
goiter, (2) diaphragmatic hernias, (3) tumors aris- 
ing in the thoracic skeleton, and (4) thoracic 
meningocele. In addition, aneurysms of the heart, 
aorta, and great vessels and pericardial effusion 
may simulate tumor. 

Substertjal goiter usually arises as a nodular 
do^vnwa^d extension from a lower Aj^oid pole. 
Tlierc may be a palpable mass in the neck; the 
trachea tends to be compressed and deviated away 
from the side of the lesion, nadiographic con- 
tinuity of the mediastinal mass uith a cerA'ical thy- 
roid shadow is commonly seen under fluoroscopy, 
most suhstemal goiters move freely and downward 
during deglutition, just as the normal thyroid gland 
does. Radioactive iodine tracer techniques may be 
useful in doubtful cases. 

The diaphragmatic hernias most likely to be 
confused with mediastinal tumor are those located 
in the parasternal foramen of Morgagni. Tlicsc may 
be essentially solid lesions consisting of herniated 
omental fat. In the lateral radiographic projection, 
th^' are based strictly in tlie anterior cardiophrcnic 
an^c. The air pattern of the transverse colon may 
be ahnormally elevated; this can be further demon- 
strated by barium enema. Esophageal hiatal hernias 
also may present a homogeneous tumefaction in 
the lower middle mediastinum when the content of 
the hernial sac is principally omentum. A barium 
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iwallow is therefore an important procedure wUi 
supradiaphragmatic lesions. 

Chondroma, chondrosarcoma, and fTtcIng'^ sar- 
coma arising in rib or vertebra may grow internally 
and expansively in certain cases. Careful roent- 
genologic study of the involved bone should lead 
to the detection of some changes, but these may be 
f{iute inconspicuous. Pain is likely to be sev’ere with 
malignant bone tumors and can simulate that 
caused by neurogenic tumors when it is segmental 
in type. 

Thoracic meningocele is a very rare lesion scon 
chieBy in middle-aged women and associated svilh 
von Recklinghausen's disease (cafd-au-lait spots 
and multiple neurofibromatosis). Radiographic ex- 
amination of the spine shows enlargement of sev- 
eral intervertebral foramina. 

Aneurysms 0 / the aorta and its major branches 
are of great concern in the differential diagnosis of 
mediastinal tumors. They arc disaissed In Chap. 
247. 

Large pericardial effusions, pericardial ajsts, and 
idiopathic cardiac hypertrophy may be confused 
radiologieally and clinically unth mediastinal neo- 
plasms. Chronic Ij^iphadcnopathy related, for ex- 
ample, to tuberculosis or fungous infection may 
produce mediastinal tumefactions readily confused 
with tumors. In the condition knosvn as giant 
lymph node hyperplasia, discrete masses of thickly 
encapsulated lymphoid tissue may occur in the 
tipper and anterior mediastinum and persist in the 
absence of any recognized infectious or malignant 
process. Some cases are associated with accumula- 
tion of plasmoc)'tcs and reticular colls. 

In the lower posterior mediastinum, cxtramedul- 
kary hematopoiesis may result in a lobulated tume- 
faction large enough to be recognized radio^phi- 
cally. 

Diagnostic Methods. Physical examination should 
include a careful study for enlarged peripheral 
lymph nodes, especially in the suprackwcular and 
axillary groups, and for splenomegaly and hepato- 
megaly in connection wiA the malipiant lyinpho- 
m.as Recurrent nen'e paralysis should he ruled out 
by indirect laryngoscopy. Horner's syndrome is 
usually a stigma of malignant infiltration of the 
upper dorsal sympathetic chain, but may occur as 
a pressure effect from discrete and beni^ tumors. 
This syndrome is characterized by narrowing of 
the piUpebral fissure, recession of the eyeball, a 
contracted pupil, and absence of sweating on the 
ipsilntcra] side of the face. 

Bronchoscopy is rarely of definitive value in the 
diagnosis of primarj’ mediastinal tumors but 
be required to rule out lesions such as broncho- 
genic carcinoma. Bronchography employing iodized 
oil is neither helpful nor necessary unless obstruc- 
tive complications in the lung require ex’aluation. 
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Sometimes the latter arc at least as demanding of 
therapy as the causative tumor. 

A complete radiologic study includes fluoros- 
copy, lateral and oblique roentgenograms, as well 
as the standard PA projection. A barium study of 
the esophagus should be carried out in csery case 
of aneurysm and in the case of all tumors of the 
middle and posterior compartments. Laminagranis 
may be very helpful. The radiologist tries to df- 
tennine, among other things, the presence or ali- 
sence of encapsiiTat/on. the existence of calcifica- 
tions. air and fluid levels, intrinsic or extrinsic 
pulsations, and the movement of the lesion during 
respiration and deglutition. Of greatest importance 
is the position of the lesion in the mediastin.il com- 
partments; characteristic locations are described 
under Anatomy. 

Surreal excision of a cervical, axilla^, or other 
enlarged l)Tnph nodes may be of great diagnostic 
value particularly when such diseases as Hodgkin’s, 
tuberculosis, and Boeck’s sarcoid enter the differ- 
ential diagnostic picture. 

Even when Jjmph node enlargement is not de- 
tectable, it is sometimes possible to establish a 
tissue diagnosis after cn bloc resection of the small 
lymph nodes in the fatty tissue overlying the 
scalenus antieus muscle near its insertion. 

The commoner types of mediastinal tumors will 
be discussed briefly in tenns of their special charac- 
teristics. 

Teratoid Tumors. Benign teratoid tumors are 
commonly called dermoids. They are usually large 
when first recognized, ordinarily in the third and 
fourth dcc.acles. hiore often unflocular than multi- 
loctilar, they contain sebaceous material and hair. 
Dental structures and bone are sometimes present 
and cause characteristic radiographic densities 
The more complex tenatomas aro ilesny and contain 
tissue recognizable ns nervous system, intestimi 
tract, pancreas, kidney or testis, and the hke. The 
capsules may bo ill-defined and infiltrated by car- 
cinomatous or sarcomatous cells. A predominantly 
unilateral development may lead to confusion with 
such tumors as seminoma and chorionepithelioma 
The complex teratomas have a very high incidence 
of malignant change with local invasion and metas- 
lases. 

Bronchogenic, Lsophageal, and Gastroenteric 
Cysts. These are devcIopment.al anomalies of the 
primitive forcgul and bronchial buds Commonly 
unilocular, they are chiefly located in relation to 
the trachea, upper bronchi, and esophagus; rarely 
tbq^ are found in the periphery of the hmg or 
upon the diaphragm Communication with the air 
passages may preexist or develop biter because of 
pressure. The result is pyoeijst, anti this may be 
associated radiographically with an air-fluid love' 
simulating pulmonary abscess. 
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The majority o{ these cysts have a respiratory 
t)i)e of epithelial lining ^vilh ciliated columnar 
cells and pscudostratific-d basilar nuclei; smooth 
muscle, cartilage, and mucous glands may l>e pres- 
ent. Squamous and gastrointestinal tjpes of lining 
cells are occasionally encountered, principally in 
the c)-sts located about tlie distal esophagus. TTic 
gastrointestinal t)pes are prone to give rise to 
serious sj'mptoms in the first year of life, the others 
in adult life. 

A’curogenic Tumors. Neurogenic tumors are the 
most frequently encountered of primary mediasli* 
nal nc-oplasms. Several pathologic types are recog- 
nized: (1) neurilemmomas, derhed from the 
sheath cells of Schu-ann; (2) neurofibroma, a more 
complex but usually benign lesion showing, in addi- 
tion to Schwann cells, neuraxoncs and proliferated 
connective tissue; (3) giinglioneuroma, with gan- 
glion cells in variable singes of maturity interspersed 
m a stroma of neurofibromalous txpe; (4) sym- 
pathkxiblastoma, derived from primitive cells which 
are small, round, densely nucleated, and with a 
tendency to pscudorosette patterns; (5) paragan- 
glioma, including the taro hjpersccreting variant, 
pheocliromocj’toma. 

About 93 per cent of posterior medLislinal tu- 
mors are neurogenic in derivation, but neurilem- 
moma and neurofibroma may occur in a more 
lateral or peripheral situation in relation to the 
intercostal nerves. An expansile gtowth located in 
an Intcnertebral foramen may enlarge the latter 
as demonstrated in rocnlgenogTams; by intrusion 
into the epidural space it can produce symptoms 
of spinal cord compression, the so<.illed "dumh. 
bell" tumor. Other histologic types of tumor, such 
as benign b'poma, may produce these same ef- 
fects. 

Ganglioneuromas c.xist printipally in relation to 
the sjmpatlietic chain and can produce the typical 
Ifomcr’s syndrome and sweating cb.anges of the 
ipsolatcral upper extremity. Neurofibroma may be 
a local manifestation of von Hecklinghauscn’s dis- 
ease. 

Tumors of the Thymus. Tumors arising in |be 
thjTnus gland are frequently difficult to identify 
and classify. The two main cell types, thymocyte 
(lymphocyte?) and reticulum (epithelial?) maybe 
present in varying proportions. Thymomas tend to 
he heavily encapsulated .and lohiilatcd. fleshy or 
solid. Microcyst formation is common, but gross 
cystic clungcs can occur. Microscopically pcrilhc- 
lial arrangement of tumor cells around vascular, 
lymphatic, or tissue spaces is rather characlcrisltc. 
Hassal’s coqiuscles are found in only about 25 per 
cent. 

Malignant change in a thymic tumor is signaled 
by capsular infiltration and invasion of contiguous 
structures, such as pfricardiiim, trachea, large \cs- 
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se!s, and pleura. Remote metastascs arc uncommon 
even in fatal cases. 

Tliymic tumors are found in 15 to 20 per cent 
of myasthenia gravis cases, and a significant num- 
ber of patients with Uiymic tumors on careful 
analysts are noted to have myasthenic symptoms. 
Thymectomy and excision of thymic tumors hav'c 
an unpredictable effect upon the course of my- 
asthenia gravis, ranging from euro to no effect. 

Thymomas arc loiown to occur in not infrequent 
association with aregenerative anemias, but the 
surgical ablation of the tumor, again, does not 
necessarily cure the hematologic disorder. 

Other Ccncrally Benign Tumors of the Medias- 
limim. Lipomas and fibrom.is arc relatively rare. 
Tlicy occur anywhere in the mediastinum and fur- 
nish the largevt specimens; some as lieavy as 17 Ib 
have liecn reported. Pressure symptoms are dispro- 
portionately mild. 

Lymphangiomas are typically ry'Stic and located 
in the anlcrior mediastinum and cardiopbrenic 
angle. They are multilocular and demonstrate elas- 
tic tissue and smooth muscle in association vvith the 
mcsothchum-lined channels. Cervical and medi- 
astinal locations may be combined in the same case. 
Spontaneous chylothorax has been reported, and 
secondary infection, but ordinarily these are asymp- 
tomatic tumors. 

ParalhyToid adenomas usually occur in the 
expected distribution of the normal parathyroid 
glands. In perhaps 20 per cent of cases they arc 
located ectopically in the mediastinum. Such ade- 
nomas arc ordinarily quite small and are not often 
visualizcil by radiographic methods. An outline of 
tlic esophagus with barium may be helpful. The 
surgical treatment of hyperp-arathyroidism requires 
a complete search of the cervrical area before the 
mediastinum is explored, ideally in a single opera- 
tion. 

Pcricard'utl (rcricardioduiphrogmoric) Cysts and 
Dicerlicuh. Aberrations in the development of the 
pericardia! sac may lead to the formation of peri- 
cardial diverticula or cysts. These are unilocular, 
thin-walled sacs containing clear colorless fluid. A 
simple endothelium lines the thin connective tissue 
wall. Diverticula are rarer than cysts; they com- 
municate by a narrow ostium vvith the main peri- 
cardial sac, whereas the cysts are separate and may 
even be at some distance from the pericardium. 
Tlicy produce no symptoms as a rule and are re- 
moved only for diagnostic purposes. 

Primary Malignant Tumors. The IjTnphoblastic 
scries of tumors (lymphoma, HodgUn's disease, 
and lymphosarcoma) constitute about 70 per cent 
of tills category. Various types of connective tissue 
malignancies also occur, such os fibrosarcoma. Epl- 
thelial neoplasms independent of any demonstrable 
cxtramcdiasfinal focus (such as the peripheral 
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hmg) are least common. Some of these rarities may 
arise from tlie lliymus, from p!i.ir)'ngcal pouch 
remnants, or from degenerating teratoid lesions. 

llodghin’s disease (see Chap. 243) may begin 
in tlie mediastinal nodes and remain apparently 
localized there. More commonly, there Is rclathely 
early involvement of the cervical, axillary, or other 
peripheral lymph nodes; this enlargement may con- 
stitute the first clinical evidence of the disease. 
Splcnomcg.aly occurs in about 70 per exmt of Hodg- 
kin’s cases at some time in the course. Tliere may 
be itching of the skin. Systemic manifestations such 
as periodic fevci, malaise, anorexia, and weight 
loss arc more common with Hodgkin’s disease than 
with lymphosarcoma and reticulum cell sarcoma. 
The latter is sometimes confined to the region of 
the thymus when first recognized, only to spread 
later and produce the clinical picture of superior 
vena caval obstruction. Pleural effusion may de- 
velop. 

Sceondartj MaUginanl Turnon. The commonest 
tumor of the mediastinum is undoubtedly met.v 
static carcinoma The site of origin may be an Intra- 
thoracic organ such as esophagus, trachea, or 
bronchi. Mammary cancer is a frequent invader, 
however, and remote neoplasms such as renal and 
ovarian carcinoma may metastasize to tj-niph nodes 
and subsequently e.xtcnd more diffusely in the 
mediastinal tissues. 

Extension to mediastinal lymph nodes is an im- 
portant limiting factor in the surgical treatment of 
mammary carcinoma. Its frequent has led to the 
recommendation that preliminary biopsy of the In- 
ternal mammary chain of nodes be performed in 
cases where the primary breast lesion is situated in 
tbe medial quadrants, and when the axillary lymph 
nodes are palpably mvoh ed. 

Isolated lymph node roctastases in the medi- 
astinum may be quite asymptomatic. As cnknrge- 
ment and infiltration occur, manifestations of pres- 
sure and pain may develop, and the syrndrome of 
superior vena caval obstruction (p. 1560) is not In- 
frequently observed 

Treatment of Mediastinal Tumors. Benign medi- 
.astinal neoplasms cannot be differentiated accu- 
rately by clinical and radiographic methods from 
localized mahgnant forms. Therefore, the Indicated 
therapy is surgical exploration and excision, unless 
there exists some compelling reason to the contrary, 
such as extreme old age, or coevisting disease 
which itself has a lethal prognosis. 

The most useful explor.itory incision is a long 
posterolateral one with rib resection, since tech- 
n\cal problems may be considerable. Certain an- 
terior tumors can be reached by medium sternot- 
omy or parasternal chondrcctomv’. Ideally the 
tumor should be totally extirpated in a single stage. 
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Certain large and infected cystic tumors In poor- 
risk patients may bo marsupiali/ed for drainage 
and resected at a l.iter date. 

The mortality r.ate for excision of benign and 
localized mahgn.ant mediastinal tumors is less than 
5 per cent and in some reported series approaches 
zero. 

Invasive malignant neoplasms c.nn only be biop- 
sied or partially resected. An attempt should be 
made to recognize ihcsc unfavorable cases by care- 
ful physical examination and to obtain tissue for 
microscopic study by simple techniques such as 
needle biopsy and the like. \STicn these fail, a 
modiastinolomy may be required. It is important 
not to treat a suspected lymphoma or other medi- 
astinal neoplasm by radiation until a tissue diagno- 
sis is established. There arc many pitfalls in so- 
called diagnostic radiotherapy. 

Hodgkins disease confined to a local area should 
be treated wltli heavy doses of radiation, and in 
a rare case tliis m.'iy be combined with surgical 
excision W’ldcly disseminated tumors must be pal 
liatcd with smaller doses of roentgen rays and such 
chemotherapeutic agents as the nitrogen mustards 
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THE RESPIRATORY SYSTEM 

THERAPY OF RESPIRATORY 
INSUFFiaENCY 
Eugene Robin and 
John H. KnoicJes 
The numerous physiologic defects present in 
chronic pulmonary disease have already been dis- 
cussed (pp. 104 to 124). Regardless of etiology, 
these defects are found to a greater or lesser de- 
gree in most forms of chronic pulmonary disease. 
Effective tlierapy must obviously be based on an 
understanding of the physiologic aberration pres- 
ent and should be guided by the fact that the de- 
fects due to infection, excessive secretions, bron- 
chospasm, and alteration of the blood gases are 
potentially reversible. The physiologic abnormali- 
ties and their therapy are considered below. Gen- 
erally the discussion applies to chronic bronchitis 
and obstructive emphysema, the commonest forms 
of chronic pulmonary disease. 

AIRWAY OBSTRUCTION 
Aiway obstruction in chronic pulmonary disease 
results fiom the presence of thick, viscid respiratory 
tract secretions; from bronchial edema, from bron- 
chospasm, from bronchial or peribronchial fibrosis; 
and from parenchymal destruction with the devel- 
opment of bronchiolar check valves. 

Secretions. The patient with chronic pulmonary 
disease commonly suffers from hypersecretion of 
mucus In the tracheobronchial tree, which leads to 
duonic cough, dyspnea by virtue of airway ob- 
struction, and recurrent Infection. He may be 
unable to dispose of such secretions because of 
ineffective mechanics o! coughing and inadequate 
aliaiy activity. The first principle of treatment Is 
the avoidance of Irritants, the chief offender being 
tobacco smoke. Complete cessation of smoking 
should be advised. Careful inquiry into the pres- 
ence of noxious environmental gases and dusts, 
both at work and in the vicinity of the patient’s 
home, must be undertaken. A change of job or 
home miglit be indicated. Similarly, a change of 
climate, from one with >vide swings of temperature 
and humidity to one which is warm and dry the 
)ear around, may be beneficial if the patient can 
undertake the financial and emotional burden of 
moving. A trial period in the chosen area should 
precede the patient's final decision. 

Periodic increase in cough and in tlie volume of 
secretions Is commonly due to superimposed bac- 
terial infection, particularly during the winter 
months (see also below). Both cough and sputum 
production may be markedly diminished by full 
courses of the appropriate antibiotic dictated by 
the result of sputum culture. 
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During periods of acute infection, secretions imay 
become particularly thick, tenacious, and viscid (in 
addition to their volume increase) and therefore 
difficult to remove. The sputum of the ambulatory' 
patient without obvious infection may have similar 
characteristics, although in lesser degree. Measures 
to liquefy the sputum should be employed in cither 
instance. The inhalation of warm, moist air (steam) 
is probably the single most effective measure in 
decreasing sputum viscosity. Other measures in- 
clude close attention to the general hydration of 
the patient; the use of iodides orally or parcntcr- 
ally; the use of detergents by inhalation (‘‘Ale- 
vairc,” which consists of glycerin, sodium bicarbon- 
ate, and Triton A'20) to lower sputum viscosity; 
and the attempted enzymatic digestion of sputum 
by the inhalation of aerosolized enzymes such as 
trypsin (Tryplar) or pancreatic domase. Iodides 
are the most effective measure and are usually 
given as saturated solution of potassium iodide, 10 
drops by mouth, three or four times a day. Definite 
evidence is lacking that the use of detergents and 
€ 02 )^ 6 $ aids measurably in the removal of secre- 
tions except for the resultant local hydration per se. 
In addition, tlie en 2 )Tnes may give rise to consid- 
erable local irritation of the pharynx. In a small 
number of patients with chronic pulmonary dis- 
ease, the volume of secretions is so excessive that 
drugs, such as terpin hydrate or guaiacol, that 
diminish the amount of sputum may be usefully 
employed. 

Special measures designed to assist in removing 
secretions may be necessary. In the patient who is 
not acutely ill. a consistent program of postural 
drainage may be helpful, particularly if tlie volume 
of secretions is continuous)/ large. The patient 
should be carefully instructed in the proper tech- 
nique of performing postural drainage. During its 
performance the patient should assume the head- 
down position, the prone position, right and left 
lateral decubitus, and the sitting position, so that 
all lobes are drained. Coughing in explosive style 
during drainage should be avoided, to prevent fur- 
tlier long damage During acute respiratory infec- 
tions, postural drainage may not suffice; mechanical 
removal of secretions is then necessary’. This may 
take the form of tracheal suction by means of a 
soft catheter passed through the naso- or orophar- 
ynx. If this is not successful in tlie emergency' sit- 
uation, therapeutic bronchoscopy may be required. 
Finally, if none of the above measures is effective, 
or if tJiey aie of only transient benefit in the se- 
verely ill patient, a tracheostomy may be neex'ssary 
for the purpose of frequent and efficient suctioning 
of secretions. Tracheostomy also decreases the re- 
spiratory' dead space, tVicreby facilit-iling improve- 
ment in the level of alveolar ventilation. Exact in- 
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dications for tracheostomy are Jiflicult to outline. 
Ccrt.ainly, inability to control secretions by more 
conser>’ative metliocls is one jndic.itiQn. Continued 
deterioration despite intensive therapy is another 
indication. Such deterioration may be defined by 
either clinical criteria or by a rising arterial CO^ 
tension. The patient willi severe pulmonary insufii- 
ciency, who is about to undergo thoracic surgriy, 
may be considered as a candidate for prophylactic 
tracheostomy. In general, if any doubt c.\ists as to 
the necessity for this procedure, it should be re- 
solved by having the procedure performed. Prefer- 
ably then, if indicalccl, llie tracheostomy should be 
instituted early rather than late, should be done 
in a slow, unhurried manner, and should be per- 
formed in the operating room rather than at the 
bedside. 

After the tracheostomy, a number of precautions 
are necessary to pre\’ent complications. To avoid 
infection, tracheal suction should be performed 
^\llh sterile precautions and disposable calbetcrs. 
To prevent trauma to the tracheal mucosa, the 
catheter should be moistened before use. A T-tube 
arrangement should be placed in the suction line 
so that negative pressure is applied only when the 
catheter has been positioned inside Uic lumen of 
tile trachea. The catheter should not be vigorously 
thrust up and down within the tracheal lumen The 
patient's head should be turned to the right and 
left during suction, so that the left and right main- 
stem bronchi can be reached. If available, a curved 
catheter for entering the left m.am-stem bronchus 
IS desirable. To prevent hypoxia, hyporcapnea, and 
fatigue, suctioning periods should be limited to 15 
to 30 SCO at a lime. The use of very higli expiratory 
flow rates to dislodge retained secretions (exsuflQa- 
tion With negative pressure) has been of value in 
some patients with postoperative atelectasis, but 
only rarely in those W’lth dironic pulmonary dis- 
ease. 

Decreased Cross-sectional Area of the Bronchial 
Tree. The degree of reversible luminal narrowing 
of the bronchial tree due to bronchospasm and 
bronchial edema vanes widely from patient to pa- 
tient. It IS not sufficiently appreciated that many 
patients with chrome obstructive ventilatory dis- 
ease have a component of bronchospasm as a fac- 
tor in their airflow obstruction. This may be im- 
possible to detect clinically. For this reason, the 
routine use of bronchodilators is useful m the ther- 
apy of chronic pulmonary disease. Tlieir use need 
not be entirely empiric. The 1-scc timed vital ca- 
p.idty or maximal midexpiralory flow rate should 
be determined before and after the inh.'ilotion 
of acrosolired bronchodilator and any increase 
noted 

The drugs may bo administered orally (ephed- 
’■■ne, 15 to 23 mg tluee or four times a day, usu- 
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ally combined witli 13 mg phcnobarbital), roctalK 
(0.5 Cm aminophyllinc suppository at bedtime), 
hy aerosol inhalation [1:200 isoproterenol hydro- 
chloride (Isuprcl) or 2 25 per cent racemic epi- 
nephrine hydrochloride (Vaponephrin)], or paren- 
terally (intravenous aminophyllme). (Parenteral 
epinephrine is not ordinarily used in the older pa- 
tient with chronic lung disease as it is in bronchial 
asthma.) The aim of therapy is to relieve broncho- 
spasm for as much of c.vch 24 hr as possible. For 
tilts reason, bronchodilators should be administered 
on a consistent schedule, and around the clock, if 
possible: the dosage should be increased during 
periods of increased broncliospasm. 

Corticosteroids may be useful in the control of 
bronchospasm and bronchial edema in some pa- 
tients. In the life-tlircatening situab’on, they maj’ 
be used empirically if the condition docs not re- 
spond to the usual measures outlined aboie and a 
rcxersible bronchospastic element is suspected 
Similarly, in the occasional patient with chronic 
pulmonary disease whose clinical state suggests the 
possibility of bronchial asthma or at least a large 
reversible obstrueUi’e element which is not im- 
proved by the usual therapy, a diagnostic and 
Uicrapeulic trial xvith corticosteroids may be indi- 
cated. Careful evaluation by serial test (c.g , limed 
vital capacity) is necessary to determine the ulti- 
mate need for such therapy. The haz.irds of peptic 
ulceration and reactivation of pulmonary tubercu- 
losis must be recognized in such patients. 

Since it has been demonstrated that cigarette 
smoke and oilier respiratory tract irritants produce 
an increase of resistance to airfloiv. cigarette smok- 
ing should be interdicted and the patient removed 
from exposure to irritant fumes to whatever degree 
possible 

More difiicult to treat than the functiooal de- 
creases in bronchia] cioss-sectional area are those 
based on anatomic damage to the broncliial tree 
or Its loss. One major factor in this form of respira- 
tory tract obstruction is that the application of high 
positive pressure across the thorax tends to collapse 
bronchioles and, hence, increases the degree of ob- 
slruciion. Breathing exercises teach the patient to 
prolong e.xpiration using lower intrapleural pres- 
sures. Pursed-Iip breatliing — pursing the lips and 
making an "F" sound on expiration — is taught. Ex- 
piration is made an active, prolonged effort; active 
use of abdominal muscles is stressed. The pressure 
gradient across the tlioracic cage is lessened, and 
Uie amount of air trapping and of airway resistance 
due to early closure of bronchioles is decreased 
The inhalation of gas mixtures that are less dense 
than air (SO per cent licLum 20 per cent oxygen) 
may decrease tlie resistance to turbulent flow, al- 
thcHigh rcsist.ince to kiminar flow may be increased 
because the mixture is more viscid than air. 



THE RESPIRATORY SYSTEM 
HYPOXIA 

Hypoxia in patients with chronic pulmonary dis- 
ease may result from generalized alveolar hypo- 
ventilation, from regional h)poventilation, or from 
a decrease in the diffusing capacity of the lung. 
Aside from measures designed to produce an over- 
all increase in total ventilation and to improve 
regional hjpoventJation by decreasing airflow re- 
sistance, the most effective measure in therapy of 
hypoxia is the inhalation of oxygen-enriched mix- 
tures. The inhalation of high concentrations of oxy- 
gen will produce an increase in the alveolar tension 
of oxygen in all ventilated alveoli (i.e., those that 
are not totally occluded). The increase in alveolar 
oxygen tension nill be reflected in an increase of 
oxygen tension in the pulmonary-capillary blood 
supplying these alwali and will ultimately be re- 
flected in an increased tissue oxygen supply (pro- 
vided cardiac output remains constant). Oxygen 
administration also permits an adequate supply of 

o.xygen at a minimal worh cost of breathing to the 
patient. This factor tends to decrease the over-all 
oxygen consumption of the patient and may par- 
tially explain the decrease in dyspnea that occurs 
during oxygen inhalation. Oxygen-enriched mix- 
tures may be supplied by nasal catheter, oxygen 
tent, face mask, or by means of an intermittent 
positive-pressure apparatus. The exact technique 
of administration will depend on individual circum- 
stances. The oxygen stream must be kept moist to 
prevent drying of the respiratory mucosa and se- 
cretions. This may be accomplished by bubbling 
the oxygen through properly wanned water. 

In some patients with extremely severe pulmo- 
nary disease with acute or chronic hypercapnia and 
hypoxemia, there may be a loss of the nonnal re- 
spiratory center responsiveness to COj-pH stimula- 
tion, presumably because of narcotic levels of CO 2 
tension in the blood. In such patients the voiiUa- 
tory drive appears to depend chiefly on impulses 
arising from the chemoreceptors of the aortic and 
carotid bodies, which respond chiefly to hypoxemia. 
Removal of the hypoxemic drive by means of oxy- 
gen inhalation may result in increasingly severe 
hjpoventilation with a precipitous rise m arterial 
blood CO 2 tension and drop in pH. Drowsiness and 
<lisorientation occur, and in severe cases convul- 
sions, coma, and exen apnea ensue. In such pa- 
tients, oxygen administration must be carefully con- 
trolled. Ilowexer, it should be emphasized that die 
relief of profound hypoxia is essential in the treat- 
ment of sucli patients. The problem, therefore, is 
not whether tliey should he treated with oxygai 
but how to treat them with oxygen and main^n 
ventilation while doing so Tlie dilemma may be 
resolved in one of several ways. It may be possible 
to wean the patient back to tlie continuous use of 
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O’q'gen by giving it intermittently at first, or in 
concentrations less than 100 per cent (e.g-, a 40 
per cent o.xygen mixture; or reduction in the flow 
rate of 100 per cent oxygen gi\ en by nasal cathe- 
ter). If these measures are unsuccessful, mechani- 
cal ventilators are necessary in patients developing 
life-threatening hypoventilation during o.xygen ad- 
miiustration. 


RESPIRATORY ACIDOSIS 

The basic mechanism producing respiratory ac- 
idosis is always inadequate alveolar ventilab'on. 
Such inadequacy may result from an over-all de- 
crease in ventilation or from severe regional hypo- 
ventilation of sufficient magnitude so that CO_. 
being produced metabolically cannot be disposed 
of in adequate amounts. Carbon dioxide retention 
may be treated by two general techniques: ( 1 ) 
reduction of the amount of COg being produced 
metabolically, and (2) inaeased CO 3 excretion by 
the lungs. 

The following techniques are available for re- 
ducing CO 2 production: 

1. Reduction in the work cost of breathing. In 
normal subjects the work cost of breathing amounts 
to less than 2 per cent of total metabolism. In pa- 
tients with chronic pulmonary disease, this value 
may increase to as much as <10 per cent. Indeed, 
it has been suggested that the CO 3 cost of breath- 
ing may be so high in some patients with chronic 
pulmonary disease that further increase in ventila- 
tion actually causes a rise and not a fall in COn 
tension. The measures which have been outlined 
above result in more efficient ventilation and, hence, 
in a decreased vv'ork cost of breathing. 

2. Reduction in phy'sical activity. Obviously a 
reduction in over-all activity will result in a de- 
crease of metabolism. Such reduction in activity 
during periods of acute illness is usually provided 
by hospitalization. In nonacute periods, the avoid- 
ance of severe overexertion and periodic rest in- 
tervals may help to accomplish tlie same purpose. 

3. Reduction of total metabolism by means of 
induced hypothyroidism. Radioactive iodine admin- 
istration has been employed in an effort to induce 
some degree of hypothyroidism in patients with 
chronic pulmonary disease and in this manner to 
limit their meLibolic requirements. This appro-itli 
is as yet experimental and has not enjoyed wide- 
spread use. The unpleasant symptoms and appear- 
ance of hypothyToidism m.ny be intolerable to the 
patient and his family*. 

The following techniques are avaOable for in- 
CTcastng CO 2 output by the lung; 

1. Improving tlic ventilatory status of the lungs 
removal of secretions, tfc.iti 
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mill the Iiljcral use of bronclicxtilators, ns outliiHKl 
nUivc. 

2. AUcmpleil stimulation of Uio respimtot)’ cfn- 
trr by drugs in onlrr to Intlitcc }ijprr%Tnld.-ition. 
Such dnigs as Coraniinc, progcitcrtMir, arid Vamliil 
arc cnpalilc of Incrfasing atvrolat smtililltm. In 
general, these dnigs Iiasr limited usefulness l>e» 
cause regardless of central dilsr. the degiee of 
h)'pcrscntilatlon Is limited liy the imdorKing air- 
normalities of the peripheral senliblorv mcclia- 
nism, Ic, llie disease of the lungs anfl thoracic 
cage. Tlie same Is true of the use of salicjlatcs ami 
aa'tazolamidtf (Ubmnz). 

In tills regard It Is useful to point nut Out one 
of the most important nhls in reslofing tcsplratory 
tenter scnsilisity is to iinpnise the blood pas com- 
posilhin by clcsaling stntilalioii. r.llbcr Increasing 
asygenation or reducing CO- irtmtion (or Ixith) 
of the arterial blood may result in resumption of 
rhjihmie and efficient respitafory tnovenumt In the 
patient nearly apncic xsllh uncooribnalcd respira- 
tory muscle actisity. It is mandatory to ssiihhold 
anj drugs, such as moqrhine, Demerol, and the 
barbiturates, that arc capable of accentuating re- 
spiratory center depression. 

3 In tbo acutely 111 p.Mlenl, assistfsl sentilathwi 
by means of one or another t)pc of mechanical 
ventilator offen the best mcth'xl of Inaeasing al- 
veolar ventilation and decreasing COj tension, thus 
increasing the escrctlon of CO.. A number of dif- 
ferent rrspiraton arc available. Tlie one most com- 
monly used at present emplovs (ntennittent posi- 
tive pressure (Il'PD) With tills apparatus tlie lungs 
are periodically Inllatcd Iiy means of positive pres- 
sure and fspiration tales place passively. Such qp- 
panitus also provides facilities for the humidifica- 
tion of inspired air and lor (he adnuiiistratlon of 
hronchodd.vtnrs in the form of aerosol deep into 
the Irachcobronclnal tree. Tliii type of apparatus 
IS generally designed so that it may l>c activatnl by 
die patient’s ov>^^ respiratory efforts or rniy fuiic'- 
tlun automatically in (he patient whirsr spnntane- 
inis respiratory (irivc is not suJIicieiil to iruintain 
venlihlioii. 

There is no general agreement on the value of 
ll’PB as a routine inc.iiure in the day-to-day treat- 
ment of patients vvilli chrome obstnictivc discan*. 
Some workers believe that such therapy lui great 
value ill Incrcosmg nlvcohir ventilation, and others 
feel that it may represent a [sotcntially useful tcch- 
iii'pic for administering bronchoddalor aerosols. 


COR PULMONALE 

* 11)0 treatment of this complication is considered 
in some dct.iil on p. 1530. Tlie problem Is basically 
that of the vigormis m.in.igenient of Iwlli conges- 


DISEASES or ORGAN SYSTCSIS 
five lirart failure (Clap 210) and of pulrncnory 
faihire, as ditcuiu-d above. 

IMTCTION 

Ileeausf* nf the difficsilties nf projver drainage 
seCTitlons, llic problem of rcninent ln/ccta'« tn 
patients vviih tlirnnic piilirumary dheate ii lerwus 
Kidicr ffaiiUy pathogmie organisini or Kictrrij cf 
relatively low viridrnce, such as /fmophlfiis {nf,j- 
cmae. nviy Iw rtsp'jnsibli-. Severe piihn'-ma.'y n 
fectiun may octsir in this group of pitirnli witS<7>,t 
tliT tisual systemic indieati niS such as fever cr lew- 
locjlosss lor this reason early and v igomui chenw- 
iherapy Is hnjwiitsnt. Such tin motlicrapy U- 
guidra by careful fuctrrlol/jgic rtamination Lnt 
well cttablisficd It Uk* use of pcophylactic clteewi- 
tlirrapy during infretion fret* P'TioiIl Tli:« proh’em 
it cmtently under study. It slir-uld alto U* rcitct- 
alcd (hat poitiiral drainage, bronchodilators, aH 
steam inhalation are impmtaut adjuvants to U<e 
therapy of rreunmt ptihrvonaty infcctiijn. 

SURGICAL THER-An' 

'Hie opi-rativc tTratmenl of chronic pulmanary 
ditraic invnhei the cteirm of bleln and huIUf 
vvhich have o>mpicsu-vl normal lung Rrsertien of 
such lrt«;nt alimvs edjjcnit ttomul lungs to rrri- 
panil and, dcpaiding on tlie lue and kiwtron, uill 
alVnv greater i leuiiion e>f the diaphragm and ic- 
heve disltution of tlic nu'diattlnal contents The 
puoreit results are orhievrd when a severe degrtr 
of iimlnlying nlutructivc emphysema rtuts which 
las accrvuTitet! for (!«• dyspnea and disabihty cs- 
pcrlenccil bv the palimt. Indications and centra- 
imlic-ati'mt /or the removal of cvtIs leave l>eeu dm 
csisscslon p. 13’7. 

Direct apptaith to the problem of pb'tmctnT 
piihnunan- rmphysema per so has cenlerrd on wr- 
gciy of liic autonomic iiervws system and on ef- 
forts to liiCTcase the blixx! supply of the lung Dor- 
sal sysruulhectiiiny, vagal ihiK'rvation. dissection 
of perivascular and pcnbrunchial tissues, and pa- 
riital ph’urittomy with talc poudrage have all lieeu 
tried, alone or in couibinatloii. Tlie evidence is shm 
that any of thevc m.incuvTn gives lasting lienefit 
to suh|ec(s w ith chfunic pulmonary dLsc.i$c. and tlic 
hiraub involved do not smially justify (lie at* 
tempts 

The use of pneumopcriUmciiin and of nliiluminal 
hinders, in the hojse of incre.asing the excursion of 
the diapliragm by upward dispLicement, has largely 
been abandoned. 

THE ACUTE RESPIRATORY EMERGENCY 

A number of different sliseases nny produce such 
Interference with flu* process of vtiililition that the 
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palicnt’s life is threatened liy the resultant hjpo- 
vcntilation or apnea. Under these circumstances, 
artificial maintenance of ventilation is mandatory. 
Tlic initial step is to ensure n patent aim'ay. The 
patient’s ncch should he hj-perextended and, if 
nvailaUc, ciUicr an oropharjmgeal airway or, pref- 
erably, a cuffed endotracheal tube inserted. While 
equipment is mobilized, adequate ventilation may 
be maintained by means of moulh-to-mouth btcalli- 
ing. As soon os possible, suction should be per- 
formed to clear respirator)' secretions. Artificial ven- 
tilation over a prolongiril period can be successfully 
carried out by a number of techniques. One com- 
monly cmplo)cd method uses an intermittent posi- 
live-prcssuTC apparatus (IPPB). Tliis apparatus is 
powered by compressed air or oxv-gen. The lungs 
are infl.stcd by positive pressure and deflate pas- 
sively. Preferably, tlie instrument should have an 
automatic cj'cling device so that If the patient's 
respirator)' efforts are too feeble to trigger the 
mechanism, ventilation will continue. Also desirable 
in such instruments arc independent controls for 
the regulation of air flow and pressure, so that these 
parameters may be tailored to the patient’s rcrjulrc- 
ments. All such apparatus provides means of hu- 
midifying the inspired gas before it reaches the 
patient. Another commonly used variety of respira- 
tor is the piston l)pe (Nioersch), In which fixed 
volumes nf moistened and heated air or ox)'gcn arc 
driven Into llie lung by means of a piston powered 
b)’ a motor. 

Ventilation may also be accomplished by means 
of a tank (Drinker) respirator. The patient’s body 
(except for head and neck) is enclosed in a cham- 
ber, in which subatmospheric and supraalmos- 


pheric pressures ore generated to produce volume 
flow of air into and out of the patient’s respirator)' 
tract 

As indicated above, when cough or swallowing 
Is impaired, tracheostomy should be performed for 
the control of secretions. 

Meticulous attention to hydration, electrolytes, 
care of bowel and bladder, infections, and ortho- 
pedic and psychologic problems is required. The 
patients survival frequently depends on the degree 
of excellence of the nursing care provided. 
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Section 5: The Alimentary Tract 


GENERAL 
CONSIDERATIONS 
Frans J. ingelfmger 

The evaluation of gastrointestinal complaints is 
becoming harder and knottier as the diagnostic 
techniques available become more numerous and 
intricate. This paradox, in view of the contributions 
made to the diagnosis of gastrointestinal disorders 
by roentgen rays, biochemistry, and endoscopy, 
may be challenged as hyperbole, but it sets in 
focus a disturbing question: To what extent is 
diagnosis today a human or mechanical function? 
The problem is particul.arly acute for the physician 


trying to diagnose an abdominal disorder. Aware 
of human error, and his confidence circumscribed 
because he must decide on the condition of viscera 
llial he often can neither see nor feel, the physician 
turns for help to the laboratory or the machine, to 
which he imputes an unwarranted objectivity and 
accuracy. The more elaborate and complex the 
technical method, moreover, the more the ordinary 
pliysician is unaware of its limitations, and the 
more he stands in awe of the results it bears. Thus 
any student or physician preparing himself to han- 
dle gastrointestinal problems (or any medical prob- 
lem for that matter) must decide whether it is 
better to run or to be run by a technology that is 
superb but strange to him. Put in another way, he 
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iniiit dctiilc l>cU\cen a piirjioscftilly ctJctlie and 
routinely comprclicn'Ko approadi. 

The comprclicnsivc routine is the tnclliod of the 
surs'cy: It rigorously pursues an unvarung check 
list of questions, orders a complete “balli“rj“ of 
laboratory tests and extensive radiologic studies, 
viz., pyelography, choice) stograpliy, upper gastro- 
intestinal series, and barium mcina. Tito routimly 
comprehensive approach thus provides automatic 
s.vfeguartls. it protects ngiinsl ignorance, itrgit- 
gence, and forgetfulness. It also deticts the un- 
expected: the colonic po!j*p, for cxantple, in the 
patient whoso symptoms of heartburn dtrect alhn- 
tion to the esophagus and stomach. It even permits 
the plqsicinn — if lie orders blood calcium determi- 
nations (ftl $3 a test) roulincl)— to exhibit a some- 
wbat spurious serendipity In (inding the rare pa- 
tient with hypcrparalh)Toidlsm among llic many 
patients with digestive complvints. 

An elevated scnim calcium level, however, does 
not necessarily signify hv-pcrparathjToidism; It mij 
be the result of vitamin D Intoxic-ation, of excessive 
milk-alkali therapy, or perhaps merely of bl^vralory 
error. The trouble with the routine mill fs tint Its 
products— whether hjT^rcalecmla. nn x-ray report 
of diaphragmatic hernia, or the p.xticnt‘s Insistence 
tliat certain foods give her Indigestion— tumble 
forlli in haphazard and uiirohitcd fashion. So un- 
related, Indeed, arc the results tint It makes llltlc 
difference if x-rays or history are obtained first, 
and adherents of the comprehensive survey might 
indeed perform more cflicicntly by reversing tlie 
iisu.ll sequence. Cvcntiully, of course, all the find- 
ings have to be assembled Into a rnc.mingfid wliole, 
but It takes time to put together a jigsaw puzade. 
and completion of the picture is easily prcvcnlesl 
by a big piece which docs not fit hut which seems 
important lj<xr.iuse it origiii.itcd In the laboratory 
or in the x-ray dark room 

file eclectic method uses the chief complaint to 
orient tlic line of study and then purposefully pro- 
ceeds to elicit points of inform-ition specifically 
designed to support or to weaken the various diag- 
noses possible This means tlial the chief complaint 
immcxliately should suggest ,i list of diflCTcntlal 
diagnoses. Historical data, phjsical findings, x-rays, 
and laboratory examination arc thernijTOn souglrt 
and analyzed to create a framework tli.it has mean- 
ing at all stages of its development. As points of 
information Ijccomc available, tliey are cvalinted 
for signiRc.vnce on the basis of their interrelation- 
ship: do they make sense within the dkignostlc 
framework being erected? Or perhaps they are 
sufficiently cogent to undermine its fnnmlatinns 
and thus to ncccssit.ate n new sl.irt. In llic end, 
the stnicture created should form a compact and 
reasonable whole with as few extra pieces lying 
around as possible. 

) 


J)1si:asi:s or ono.tN svstt.ms 

Tlic g.islrolntestinal compbints of many a pa- 
llent arc In great p.irt determiner! by the kind cf 
individ(i.xl lie Is. Ulcerative colitis floufishes in 
individu.ils of ccrl.vin cniotiorml make-up and family 
background, psychologic stress intcnslfirs the svmp 
loiiK of sprue, and tlic anxious c.nnttTophobe frar- 
fiilly mulls over the meaning of her neroplugic 
Ldclirng. A knowledge of the patients chiraitiT 
Is then-fore highly desirahlc, and it fs obfainaliie 
oidy by conversation. Tlius, a cartful and puqwse- 
fiill I'vplfiratinn of the thief compkiint, pvTfonned 
with a full rcalir.itltni of the close intmcLitinnsliip 
of pstclie and gut. nhnosf automatitally provides 
ihc phvsiclan with the thar.ictfr insight he n-nxls to 
IuiiuIIl’ his piticnt not only syTTipathctirally but 
also cffectivily. 


Tin: ixmirnirrATio.v or sv.^^^To^(s 

Pain of all varieties, ranging from vague dn- 
comforl to rxcTUdating txilic, is the most ewnmon 
of digcilivc tr.iif sjmplnins. To distinguish such 
pain from p.iinfii] conditions of ollitr organi, its 
location and qu.vlity serve some puqvosc; but Ihc 
prime considcnilion In decitling vvhether or not 
obdommal, llioracic, of back pain Is of alimcnlar)’ 
tract origin is its relation, nr lack of rcUllnn, to 
some g.ulfRfntcslinal function. Tlius tlic man with 
colonic pain may npcriencc relief after pasxmg 
gis or stool, or he in.iy firl worse, or a ds'sirc to 
defecate m.iy oecomp.iny his distress. If a pliert 
has esopb.igeal pain, Its incidence and Inlrmif) 
arc iisiully related to swallowing. In other In- 
ilances, the rclalionship is less obvlmis and di-pcmb 
upon Inteqvrclivc use of medical knowlctJgc, ai. 
for rxainj'le, in the c.ivc c>f the patient vviUi duode- 
nal nicer who Ins pain at times when his gastric 
pH may lie assumed to In? at its lowest. 

Cbncl.vtioo between a pain and a gaslrointcsti'ml 
function must of necessity be chronologic and hence 
susceptible to the fallacies of post /lor-propfer hoc 
reasoning. A mcliailous impiiiy as to the frrrjucncv'. 
s|Kcificity, and chronology of the rclalionship 
servt-s, however, to rtxluce tlie likchhoexi of error 
Wlien the patient sajs, as lie so often does, that 
“the pain comes on after incals," find out exactly 
trhm (while eating dessert, immediately after 
finishing, within 13 mio, or btcr. while at work or 
watching television); find out after itimt meals 
and lu>u3 often after given meals. Such qucstionmi; 
the heart of the eclectic method, serves not only to 
determine the degree and nature of the rckitionship 
Iwtwccn c.vlmg and pain, hut also helps to dislm- 
giiisli the organic from the functional complaint- 
Tlic man with cancer of the esophagus or duoslcnal 
ulcer has relatively little difficulty in descrihii'C 
the elironologic rckilionsfifps of his complaints, but 
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tile person with functional complaints' cannot be 
pinned down. A relationship between meals, par- 
ticularly between certain kinds of foods and ^mp- 
toms, may be vigorously claimed by the pab'ent 
with functional disorders, but lawyer-like cross 
examination reveals a witness who cannot describe 
consistent or specific relationships. 

Caution is of course also necessary. Some diges- 
tive tract pain, as from pancreatic cancer, for 
example, may appear totally unrelated to any 
alimentary tract activity. Conversely, copious enic- 
tabons after meals may mark the pure neurotic or 
the man with serious coronary insufficiency. Renal 
colic may wear the costume of paralytic ileus, and 
endocrine disorders may present as abdominal pain 
wth deranged bowel habits. Such pitfalls and ex- 
ceptions notwithstanding, the rule stands; gastro- 
intestinal pain usually has something to do with 
gastrointestinal funcb'on. 

Nausea and vomiting are such frequent mani- 
festations of all kinds of diseases — or of injudicious 
therapy— that their relatively limited significance 
as symptoms of digestive tract disease deserves em- 
phasis. If some cases of gastric retention are ex- 
cluded, painless nausea and vomiting (the "pain- 
less" is crucial) do not indicate major disease of 
the alimentary tube, gallbladder, or pancreas. Much 
more likely to be responsible are functional dis- 
orders, central nervous system disease, cardio- 
vascular-renal disease, endocrine abnormalities, or 
drugs. Painless nausea and vomiting, of course, 
are frequent symptoms of hepatic disorders 

INTERPRETATION OF REPORTS FROM 
THE LABORATORY, THE RADIOLOGIST, 
AND THE ENDOSCOPIST 

\Vhether the average physician attempting the 
diagnosis of a gastrointestinal complaint uses the 
eclectic or routine approach, he depends for help 
on the specialized skill of others and must accept, 
perforce, the results of a serum transaminase deter- 
mination, a gastroscopy, or a barium enema at their 
face value. The problem presented by the x-ray ex- 
amination of the gastrointestinal tract is particularly 
troublesome- With the knowledge, skill, and tech- 
nical facilities now in his hands, the expert radiol- 
ogist can detect a host of variations from normal, 
and as is his duty, he reports them If the physician 

’ “Organic and "functional’’ are frequently used 
words, but with nuances and impliaitions that vary 
from user to user. To the author, an org.mic disease is 
one with recognizable structural changes. A fimctioiul 
disorder is literally a disorder of function, a ciuinge in 
‘‘how an organ works.” According to this \iesv, func- 
tional is a descTiptix’e term, not etiologic Tims a func- 
tional disorder, eg. simple constipation, nwy or may 
not be psychogenic in etiology. 


receiving these reports makes diagnoses by using 
the comprehensive survey method, if his x-ray 
requests are not dictated by a specific diagnostic 
question, he is apt to be overwhelmed. After all, 
here is a report in black and white of something 
clearly pictured in white and black. His unorganized 
clinit^ investigation offers little resistance, and the 
x-ray report becomes the final diagnosis by subtle 
metamorphosis. Thus the patient s real trouble may 
be relegated or even obliterated by the x-ray find- 
ings. A combination of x-ray findings may, indeed, 
be confused with clinical syndromes, and the pa- 
tient in whom the astute radiologist finds a coe.\ist- 
ence of gallstones, diaphragmatic hernia, and di- 
verticulosis may be portentously diagnosed as suf- 
fering from Saint’s triad, a “syndrome" which from 
the clinical vie%vpoint is unadulterated nonsense 
(If among women aged fifty or more, gallstones 
occur in 20 per cent, diaphragmatic hernia in an- 
other 20 per cent, and diverticulosis in 50 per 
cent, a combination of these conditions will un- 
avoidably exist in two out of every 100 such 
women examined.) 

The physician with the eclectic approach is bet- 
ter prepared. Having a diagnostic pattern in mind, 
he tests the fit of laboratory, x-ray, endoscopic, 
<^tologic, and biopsy findings. If the fit Is bad 
but the finding weighty, he does not insist on his 
clinical judgment; he is well aware, for example, 
that a vague and nonspecific ehnical picture in no 
way contravenes an x-ray diagnosis of gastric 
cancer. On the other hand, he also know's that 
x-rays are not infallible, and if a patient has typical 
ulcer symptoms or a classic history of biliary cohe, 
the physician does not permit his clinical case to 
coU-ipse merely because of a negathc x-ray report 
Nor is he necessarily content %vith the diagnosis 
of diaphragmatic hernia in a patient who has a 
radtologically demonstrated hernia and unimpres- 
sive electrocardiographic findings, but who gi\es a 
history of squeezing substemal distress coming on 
with e.xercise and promptly relieved by rest or 
nitroglycerin. 

Exwptions and atypy confuse the path, but to 
reach correct gastroenterologic diagnosis most con- 
sistently, it pays to insist (1) that gastrointestinal 
symptoms and gastrointestinal function evidence 
some Interrelationship, (2) that the clinical pic- 
ture and the results of technical diagnostic pro- 
cedures jibe, and (3) that all information, what- 
ever its source and nature, create a reasonable 
whole. 

EY'ALUATION OF TREATMENT 

Some yniars ago, an English physician named 
CIU treated 20 patients w’ith gastric ulcer by giving 
them a daily injection of 1 ml of stcnlc wafer. As 
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judged by gaslroscopic criteria, the ulcers healed 
in 4 to 8 weeks, the time usually required under 
con\-cntional tlierap)’. In a study organized on 
statistical principles, Doll, Jones, and Pygott ob» 
sened the rate of gastric ulcer healing In three 
groups: nonsmokers, smokers who continued to 
smoke, and smokers who stopped smoking. De- 
crease of ulcer size by two-thirds or more u-as 
attained within 28 days in 73 per cent of the 
smokers who stopped smoking, .ns opposwl to 58 
per cent of those who did not stop; but the pro- 
portion of nonsmokers sliowmg comparable lucer 
lieahng was also 58 per cent, j c., no bcllor tlian 
the results obtained in the unrcgcnerale. Such 
observations highlight the problem of rational treat- 
ment of gastrointcstin.nl disorders Except in cases 
where surgical intervention is either mandatory or 
liighK effective (e.g., appendicitis, cholelithiasis 
with bili.nr)' colic, intestinal obstruction, ulcerative 
colitis refractory to medical treatment) , the specific 
effects of therapeutic procedures, whether mctlical. 
dietary, or surgical, are assessed with great diffi- 
culty 

Enthusiasm, of course, may run high, am! the 
medical literature Is swollen by reports vigorously 
advocating this or that treatment. The fart remains, 
liow'cvcr, that if surgical proceilures and specific 
infections and infestations arc excluded, no gastro- 
intestinal condition exists that is susceptible to 
dependably curative medical management. To be 
sure, symptomatic or partial improvement is pos- 
sible Elimination of gluten arrests the stc.itorThca 
III many cares of idiopathic sprue, stretching the 
gastroesophageal junction decreases (be dysphagia 
of the patient w’lih cardiospasm, intensive neutrali- 
zation of gastric juice heals the peptic ulcer, and 
adrenocortical tlicrapy may induce remission in 
ulcerative colitis, but these methods provide nllcvia- 
tion. not cure of the condition. In die ease of more 
vaguely defined entities, gastritis and irritable 
colon, for example, the efficacy of any therapeutic 
endeavor is even more difficult to evaluate. 

These points arc not meant to inculcate o pessi- 
mistic attitude toward gastrointestinal therapy. Tliey 
do mean, however, that the student or the prac- 
titioner of gnstrorntcrolog)' must maintain an ob- 
jective attitude concerning the regimen he advo- 
cates. If he insists on rigid dietary injunctions, he 
should have some rationale licyond reliance upon 
routine practice. When antacids arc prescnlwd. 
he should have some reason for prescribing an 
elaborate (and expensive) concocUon of aluminum 
hydroxide, magnesium salt, sedative, and a sn-callcd 
.intispasmodic, as opposed to giving much cheaper 
and often equally effective calutiin salts and bne- 
turc of belladonna. In deciding on an anticholin- 
ergic agent, he should be aware of exactly what 
such agents m.ny do to gastrointestinal motility and 
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secretion and that these agents are not necessarily 
beneficial under all conditions. A potent anticholin- 
ergic, for example, m.iy reduce the volume of gastric 
secretion, but this possibly beneficial effect may be 
offset by the increased g.aslric retention that also 
remits from vagal inhibition. Furthermore, the 
cl.iims that synthetic anticholinergic agents arc sn 
selective that only the gastrointestinal tract is af- 
fected must be* judged in the light of evidence 
suggesting th.nt indh idthils vary tremendously in 
terms of dose response and that, as of the momtait. 
specific gastrointestinal effects without side cffix-ts 
ore more of a hoped-for ideal than an accomplished 
fart. 

The patient wall) gastrointestinal complaints ob- 
viously requires tlirrapy. but In view of the uncer- 
tain state of m-vny of the measures employ cd, a 
number of generaliMtions arc offered to guide treat- 
ment along an honest p.'itli. 

1. To liic extent tliat treatment is nonspecific, 
the art of medicine becomes important. Tlius the 
care, sympathy', and entliiisiasm w-ilh which treat- 
ment IS administered clearly inffuence the results 

2. Traditional treatment is tested by experience 
and lienee safe in the eyes of the public and (be 
mcdieol profession IJy and large, ft is also safe 
for the patient, but not alway-s so, as, for examplCi 
tlie not-so-old practice of forcing large amounli of 
protein on tbc scmistuporoiis patient with advanfrtf 
hvcT disease Thus the alert physician, aware of 
flic deficiencies of tradilonal gastrointestinal treat- 
ment. m.iy use its pnnciples ns a therapeutic base 
bnc but 18 constantly looking for and receptive to 
new approaches. 

3 Before a new regimen or approach is used, 
it deserves analysts. A new medicine should ob- 
viously not be employed merely because it Is rC"’ 
(-|he latest development") and insistently distrtb- 
ulcd by Its maker. U a ivew metlind is recoJn- 
mended In the medical literature, the basis for such 
rccommend.ition is examined with profit. Is ft ra- 
tional in terms of what is knowm concerning gastro- 
intestinal physiology, pharmacology, and pathology? 
Has the investigation of the new treatment’s efficacy' 
been distiiiguishcd l»y adequate control studies w»th 
proper checks on the subjective influences of the 
investigator? Is there real evidence tiiat the nf"' 
method or agent is belter than existing meth- 
ods? 

Tile gcncmlizalions made concerning treatment 
are of course not peculiar in their application tn 
gastroenterology. On the other hand, the fact that 
treatnvent of gastrocnlcrologic conditions is so htn- 
itcd to a symptomatic pkine makes such treatment 
highly susceptible, on one band to hasty innovations 
and ill considered enthusiasms, and on the other tn 
stubliom adherence to practice sanctified by nn 
more th.in tradition The best thing a phy-sician ci>n 
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do to avoid these extremes is to nsL. iiimself. as he 
instnicts the patient, "Why .im I doing this?** 
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DISEASES OF THE MOUTH 

E. C/i<?r<isUn 

Significant diagnostic information can be ob- 
tain^ from simple inspection of the oral cavity. 
This is possible because the mouth is a very sensi- 
tive barometer of sj’stcmic balance. 

Oral s)-mptams and signs fall into two groups. 
Some of these findings are highly characteristic, 
though generally not pathognomonic, of a specific 
disease state or a family of disorders. Others reflect, 
through nonspecific dues, simply the presence of 
chronic disease. 


SPECinc ORAL FINDINGS 
OF Sl'STEMIC DISEASE 

The ora! symptoms and signs of about 50 sys- 
temic disorders are characteristic enough to vv'ar- 
rant special mention, Tliese conditions include the 
active participation of biologic agents, chemical 
intoxication, hormonal imbalance, nutritional de- 
ficiency, developmental factors, and the lack of 
adaptation to stress. 

In the main, the oral clues may be divided into 
the following categories: (1) pigmentation, (2) 
ulceration, (3) salivary changes, (4) dental palho- 
sis, and (5) miscellaneous findings. 

Pigmentation. Congenital hies is characterized by 
red or copper-colored necrotic crusts on the lips 
which, with heating, leave linear scars radially 
arranged and perpendicular to the mucocutaneous 
junction (rhagades). Thrush is noted liy a soft, 
painless, pearly-vvhite elevated patch. Some of the 
common viral diseases are associated with oral 
signs. Koplik’s spots arc blue-white specks sur- 
rounded by a red border on the buccal mucosa just 
opposite the maxillary first molars. These lesions 
appear about 24 to 48 hr prior to the onset of the 
rasn of measles. Occasionally, one may observe early 
in mumps, inflammation of the buccal mucosa sur- 
rounding the opening of Stensen’s duct. Cbaracler- 
istic yellow to gray palatal papules, 2 to 20 in 
number, which form vesicles and quickly rupture 


may be observed in lierpangina. Gingival ami 
palatine pctcchiae have been described in infccfiotis 
mononucleosis. ArgjTta is associated with general- 
ized iiHico$.al darkening and possibly a violet line 
at the free margin.il gingjva. Bismuthism, mercurial- 
ism. tliaHotovicosis, and pliimhism all .show a pig- 
mented line in the free gingival margin. With 
cadmium intoxication there is a j’cliow to gold 
ring about the cervixes of the teeth. The most 
suggestive oral finding of Addison’s disease is 
generalized mucos.nl melanin pigmentation. Tlie 
tongue in many of the vitamin B-dcRciency stales 
may become red or magenta. One of the highl)’ 
characteristic findings in pernicious anemia is the 
red inflamed dorsum of the tongue. In the Peutz- 
jeghers syndrome, there are often melanin macules 
upon the lips, buccal mucosa, tongue, and hard 
palate. Wickham's striae (thin white strands of 
lacelike arrangement on Uie buccal mucosa) are 
considered t)'p>cal of lichen planus. Finally, primary 
or sccondarv pol>cjthcinia may be recognized by 
the generalized deepening of the color (blue-red) 
of the entire oral mucosa. 

Ulceration. The two most common exlragenital 
sites for the luetic chancre are the lips and tongue. 
Secondary ^hilis is recognized by oral mucous 
patches. A cardinal sign of agranuloc) tosis is pleo- 
morphic dirty-gray or black ulcers which are not 
sunounded by the erythematous margin that is 
generally observed bordering most oral ulcers. 
Uibofiavin, nicotinic acid, and p)'Tidoxinc deficiency 
can contribute to the development of angular chei- 
losis. 

Salivary’ Changes. Sialorrhea (an increase in 
saliva) is commonly associated with arsenism, 
bismuthism. mcrcurialism, thallotoxicosis, plumb- 
ism, and cadmium intoxication. An increase in sali- 
vary flow has also been described with cretinism 
and vitamin B-deficicncy states. On tlie other hand, 
asialorrhea is encountered with h)perth)Toidism, 
diabetes melhtus, Sjogren’s disease, and hereditary 
ectodermal dysplasia. 

Dental Pathoses. In about one-third of the cases 
of congenital syphilis, Hutchinsonian incisorS and 
mulberry molars are present. Slight to moderate 
enamel chalkiness which becomes exogenously pig- 
mented is fairly common with chronic fluorosis. 
When hyperactivity of the anterior lobe of the 
hypophysis commences early in Ue, the end result 
(gigantism) may include generalized macrodontia. 
On the other hand, the orm picture of the acrome- 
^lic patient shows macroglossia, prognathism, and 
malocclusion. Hypophyseal dwarfism demonstrates 
delayed exfoliation of the primary teeth, retarded 
erupb'on of the permanent dentition, possibly micro- 
dontia, and commonly malocclusion. In the ereb’n 
there is macroglossia, retarded eruption of the 
permanent teeth, and delayed exfoliation of tho 
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primary dcnlition ns «ell as malocclusion. Loosen- 
ing of ihe teeth and disappeannicc of llic lamina 
dura, ns obsened in the roentgenogram, are some- 
times seen s'ith h)’perparalhjToidism. In the case 
of hj'poparathjToidisra, there is enamel h)pop]asia 
and possibly delayed eruption; the lamina dura, 
howcNCT, remains intact. With vitamin A deficiency 
there is sometimes enamel hypoplasia One sti}' 
glanng clue of Cooley's anemia is malocclusion 
of the medial open-bite type, where the teeth pos- 
teriorly arc in contact hut arc not w» occlusion 
anteriorly. Tliis is due to maxillary owidcvelop- 
ment. Osteogenesis imperfecta is notable for the 
opalescent color of the teeth In addition, the 
crowns are disproportionately larger than the roots 
and the pulps arc completely obliterated at an early 
age. Cleidocranial dysostosis may be recognized 
by a reduced number of teeth, lack of dental erup- 
tion, and the presence of a host of unerupfed mal- 
formed teeth. Finally, a reduction in the number of 
teeth is a cardinal sign of hereditary ectodermal 
dysplasia. The developing teeth of the child with 
erythroblastosis fetalis may show a yellow to green 
endogenous pigment. Juvenile rheumatoid arthritis 
frequently includes destruction of the growth cen- 
ters in the mandibular condyles. Hence, the end 
result is underdevelopment of the mandible, lead- 
nig to severe malocclusion. Serial roentgcnographie 
study of the jaws of the sclerodermic patient will 
disclose periodic thickening and thinning of the 
pcriodon^l membranes A fairly constant observa- 
tion In mongolian idiocy is maUortnation or absence 
of the maxillary lateral incisor. 

Miscellaneous rindings. In scarlet fever Ihe 
fungiform papillae become enlarged (raspberry 
tongue) Sometimes there follows desquamation 
of the papill.iry lips (strawberry tongue). The 
most common oral stigma of tertiary syphilis is 
palatal perforation secondary to gumma formation. 
Fungi may invade the mouth. Actinomycosis is 
often recognizable by a yellow, purulent, granular 
dminage. Diphcnylhydantoin (Dilantin) frequently 
results in the development of a painless, mulbcny- 
sliapcd gingiv’al hj-pcfpbsia. Fine tongue tremor 
is included m the classical description of hypcrtliy- 
roidism Hyperkeratosis is now regarded as some- 
times indicative of a vit.nmin A deficiency. Thicken- 
ing of the tongue and reduced lingual activity are 
observed frcriucnlly In patients with scleroderma 


NONSPECinC ORAL FINDINGS 

More common, if not as dramatic, arc the non- 
specific oral sviuptomS and signs. These do not 
provide the examiner with immediate dues to a 
specific systemic problem. However, they do supply 
evidence of chionio debiblation. 


DISEASES or ORGAN SVSTEMS 

Oral Sjmptoms. A number of s)Tnptoms arc pe- 
culiar to tlic oral cavit)' by virtue of its special 
structural design. Included in this group arc gin- 
^‘val tenderness, xerostomia (dry mouth), and 
stomatopyrosis (burning mouth). The presence of 
this triad usually signifies a metabolic disturbance. 
For example, these three oral symptoms occur ear- 
lier and with greater regularity than polyph.igia, 
polydipsia, and polyuria in the patient with dia- 
betes mellitus. As a matter of fact, as evidence of 
llicir rc!.itionship to metabolic imbalance, these 
three oral s)’mptoms may signify hypo- as well as 
liypcrglycemia, and both hypo- and hjperproteine- 
mia 

Or.il Signs. Significant, tliough nonspecific, in- 
formation can be derived from the presence of 
gingival bleeding and clinically demonstrable tooth 
mobility. Gingival bleeding occurs in approximate!)’ 
tvvo-tliirds of the population Though it is usually 
attributed to faulty toothbnishing, there is the 
strong possibility that it may be a measure of 
Increased vascular fragility and permeability. 

Under pli) siologic conditions, the teeth are not 
clinically mobile. Qinical tooth mobility is a sen- 
sitive measure of metabolism. For example, it ap- 
pears in the presence of carbohydrate, protein, ami 
vitamin imbilancc. Thus, clinical tooth mobJit) 
may be the first expression of diabetes mellitus, 
scurvy, proteui deficiency, and the vitamin B*<om- 
plex syndrome. 

Oral Roentgcnographie Findings. In the phv'Sio- 
logic state, the alveolar bone should extend almost 
up to the cervixes of the teeth. Alveolar bone loss 
occurs with defective osteoid matru formation (os- 
teogenesis imperfecta, protein and ascorbic acid 
deficiency, alarm syndrome), reduced matrix min- 
eralization (rickets and osteomalacia), and in- 
creased bone resorption (hyperparathyroidism). 
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DISEASES OF THE 
-4/1 ESOPHAGUS 

Franz J. Ingclpnger 

Although the anatomy of the swallowing lulw is 
still controvcrsi.il, llio structural definitions indi- 
cated in Fig. 271-1 are used in this discussion. The 
esophagus proper, with principally propulsive foa<^ 
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tions, is regarded as I)ing between two sphinclenc 
segments at its upper and lower ends. Tlie upper 
segment comprises the cricophai^Tgcus muscle and 
the highest tirailar muscles of the esophagus. The 
lower splunclcric mechanism is believed to lie in 
the upper part of the vestibule. It normally re* 
mains closed c.'cccpt during swallowing and re- 
gurgitation, and acts, in conjunction with the dia- 
phragm and a possible flap-valve mechanism pro- 
vided by the angle of His, to prevent gastroeso- 
phageal reflux. Compression of the intraabdominal 
portion of tbe vestibule by intraperitoneal pressure 
may provide another barrier against reflux. 

Symptomatology. Di/sphagia. Although esophag- 
eal disease accounts for no more than one-tenth of 
all gastrointestinal complaints, it is characterized 
by one of the most specific symptoms in mcdicinci 
the sensation of food sticking on its way from the 
mouth to the stomach. Tliis dysphagia of esophag- 
eal origm can usually he distinguished from oro- 
pharyngeal dysphagia, which is characterized by 
inability to move a bolus out of the mouth, by nasal 
regurgitation, or by tracheal aspiration. Esophageal 
dysphagia, since it occurs only with swallowing, 
also differs from the persistent sensation of globus 
hy’stcricus. EsoplbigcaJ dysphagia may be painless, 
more often it is distressing, and sometimes it causes 
pain of alarming proportions. WTiatcvcr its con- 
comitants, the complaint of food sticking somewhere 
behind the sternum signifies that some process— 
whether functional spasm or organic stricture— is 
occluding the esophageal lumen. 

The les'cl of the sticking sensation, correspond- 
ing to the most fresjoent site of esophageal disease, 
IS usually under the lower end of the sternum. In 
other instances dysphagia is localized higlicr in the 
chest or at the base of the neck, cither because the 
responsible lesion Is situated higher or because sen- 
sations from the distal esophagus are referred to 
the sternal notch by approximately one-fourth of 
adult patients. 

Dysphagia occasionally begins abruptly and 
reaches mxximum intensity at tlie onset, but more 
commonly it appears gratlually in intermittent at- 
tacks precipitated by the ingestion of certain foods. 
Beef and fresh bread are notorious offenders, prob- 
ably because these elastic solids are wedged by 
peristalsis into the esophageal area narrowed hy 
clisc.ise. If this happens, the patient may l»c able to 
force the offending morsel past the obstructing 
point by rapidly gulping water or may be able to 
regurgitate it by forceful retelling. With progressive 
disease, howeier, the swallowing of liquid as well 
as solid becomes difficult. Liquids of low viscosity, 
as a matter of fact, are regurgitated too readily, and 
the peristaltic action of the esophagus is used to 
best advantage when the patient lakes food of 
pultaccous consistency. 



Fic. 271-1. Diagrammatic representation of tlie struc- 
ture and rel.itions of the low’cr esophagus, A. Nonn.aI 
csophagiw. B. Tarahiatal hernia. C. Sliding hernia. In 
this type of hernia the distinction between Uie vestibule 
and the hcmiatnl caidia Is lost, and Uie angle of His 
has become obtuse. P.E.L. =: pbfcnocsophageal liga- 
ment. Tlie location of the gastroesophageal junction is a 
in.aller of opinion. It may be defined as located at the 
Icsel svhtTC the tube of the esophagus widens into die 
sac of the stomach, but sometimes the transition from 
one shape to the otlier is gradual rather tlian abrupt. Al- 
ternatively, die Junction is placed at the senatw line 
where squamous crophagcnl ond glandular gastric mu- 
cosas rnccl, but this epithelial boundary may be located 
somcrvhat above the level of tlie angle of His and thus 
docs not necessarily coincide with a dwision of stomach 
and esophagus based on gross shape and muscular 
function. 


Pain. Pain, a common sjuiptom of esophageal 
disease, may be persistent and unrelated to swal- 
lowing or intermittent and intimately associated 
willi dysph-iglaj often it is precipitated by the in- 
gestion of acid, spic)', carbonated, very cold, or very 
hot substances. The mechanisms underlying eso- 
phageal pain are hvo: (1) ulcerabon or inflamma- 
tion of tile mucosa, and (2) increased intramural 
tension produced by violent peristalsis or stationary 
muscular spasm. Esophageid pain is usually felt 
anteriorly under the sternum at a level corre- 
sponding to the position of the lesion, but it may 
also be referred to the upper back, the neck, the 
jaws, and into both arms, particularly their inner 
aspects. Anatomically and functionally, therefore, 
the transmission and reference of pain from the 
esophagus and from the heart may be the same 
Jlcarthiirn. Heartburn, p)TOSis, and water brash 
mean different things to different people, and it is 
important to determine what heartburn signifies to 
tile patient witJi this complaint. Here Uie term 
heartburn is used to denote an intermittent symp- 
tom complex which begins with a burning, tight 
sensation under the sternum, and then traiels up- 
wards, waschke, to reach its scalding, acid ma.xt- 
mnm in the neck or throat. Salii'ation is often part 
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of tlie picture. The cause of heartburn may be 
muscular spasm, reflu-x of gastric contents, or both, 
but its exact patliogcncsis is still uncertain. 

Belching. Many a belch is forceful regurgitation 
of air that has been sucked or sw’allowcd into the 
esophageal lumen. Although belching, therefore, is 
frequently an esophageal phenomenon, it is, except 
in diaphragmatic hernia, not a common manifesta- 
tion of esophageal disease. Mote often it is a func- 
tional disorder or is indicative of gastric, cardiac, 
or biliary tract disease. 

Regurgilalion. Regurgitation, as opposed to vom- 
iting, means the effortless appearance of esophageal 
or gastric contents in the mouth. A functional dis- 
order of gastroesophageal motility, a retrograde 
flow of material forced by normal esophageal peri- 
stalsis against a stenotic area, or as in the case of 
the ddated esophagus of cardiospasm, a gravita- 
tional effect may be responsible for regurgitation. 

CANCER 

Symptoms. The importance of dysphagia as a 
symptom and the urgent necessity of determining 
its cause are no better exempliflcd than by the 
patient with esophageal cancer. Difficulty in swal- 
lowing is often the patient's first, and at times his 
only, complaint as the growth encroaches upon the 
lumen. Although intermittent initially, the d^-s- 
phagia is Inexorably progressive over tW course of 
months. In funcihng tumors, the commonest gross 
variety of esophageid cancer, pain under the ster- 
num, m the back, or in the neck, is usual and some- 
times precedes dysphagia. In some cases an early 
sjmptom not to be Ignored is substemal burning on 
swallowing hot liquids. Slow oozing of blood Is a 
frequent complication, and brisk bleeding a rare 
one. In about 25 per cent of cases, however, par- 
ItcuUrly with infiltralive or polypoid cancers, symp- 
toms other than dysphagia appear only terminally. 
When esophageal stenosis is severe, regurgitation 
of esophageal contents, sometimes blood-flccked, is 
common. 

Approximately 20 per cent of esophageal can- 
cers are in tlie upper third, 30 per cent in the mid- 
dle, and 50 per cent in the lower third of the organ. 
The lesions m the upper two-thirds are derived from 
squamous esophageal mucosa In the distal esoph- 
agus over half the cases prove to be .’wicnocar- 
cinomas, indicahng that many cancers in this area 
are gastric in ongm. A gastric origin is, as n matter 
of f.ict, often evident on operation in cases which 
radiologically appear to be purely esophageal. 

Course. Physical examination is usually negative 
and even Uiose patients with advanced disease may 
present no more th.m the signs of malnutrition. Al- 
though metistascs to IvTnph nodes occur in tlirec- 
fourths of the cases, only 5 per cent liavc palpihic 
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nodes in the supraclavicular or other accessible 
areas. Since the liver and lung are each involved 
eventually in 20 to 25 per cent of the cases, hepa- 
tomegaly or pulmonary lesions may be evident. 
Other organs subject to metastatic lod are bone, 
kidneys, and adrenal glands. Sometimes direct in- 
vasim of adjoining structures leads to dramatic 
complications: (1) mediastinitis with subcutaneous 
emphysema in the neck, (2) tracheo- or broncho- 
esophageal fistula, with an apoplectic cough induced 
by swallowing liquids, or (3) aortic perforab'on with 
precipitous exsanguination. 

Diagnosis. Esophageal cancer occurs in the usual 
cancer age groups, and males preponderate 4:1. 
It IS about one-tenth as common as cancer of the 
stomach in either sex. X-ray often reveals the 
irregular and sometimes surprisingly long lumin.il 
defect caused hy esophageal cancer, but supple- 
mental diagnostic information mtist usually be 
sought by esophagoscopy with biopsy. The initial 
examination with either procedure is not, however, 
invariably adequate in differentiating cancer from 
inflammatory stricture. In these cases, cytologic 
examination of material obtained by esophageal 
lavage is indicated. This procedure yields 75 per 
cent positive results in patients wjtli esophageal 
cancer. 

Treatment. Lesions that appear to be resectable 
are usually treated surgically. Calculated on the 
basis of all esophageal cancer patients who enter a 
hospital, the 5-year cure rate is still a disappointing 
0 to 7 per cent In some hands, however, 5-ycar 
cure rates in patients who at operation have no gross 
evidence of extension are ovTir 30 per cent for 
cancers in the lower third of the esophagus. Svic- 
cessfu] resection of higher cancers is more difficult. 
In patients with inoperable tumors of tlie fungaling 
vanety, palliation of dysphagia may be achieved to 
a renvatkable degree by deep radiotherapy delivered 
by high voltage x-ray apparatus and Co®° bombs. 

DIAPHRAGMATIC HERNIA 

A common abnormality affecting the esophagus 
but, strictly speaking, of gastric origin is herniation 
of the stomach through the esophageal hiatus of tbr 
diaphragm. Two types of hernia .are describes 
In one, the paraesophageal or parahiatal type, the 
gastric cardia rolls through the muscular apcrtiirf 
beside a gastroesophageal junction that is sti'l 
normally situated with respect to the level of the 
diaphragmatic hiatus (Fig. 271-lB). In th® olheri 
the sliding, xxial, concentric, or short esophagus 
type, both the stomach and the gastroesophageal 
junction slip up into the chest, thereby placing lb® 
gastroesophageal junction above the dbphragmalic 
liiatus (Fig 271-lC). This position of the junctioU 
makes the csopli.agiK appear shorlcnnl, and actiw 
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shortening may be caused by chronic esophageal 
innammation. A congenitally short esophagus, how- 
ever, is rare. Many hernias arc mixed in that tliey 
present features of both types. 

The incidence of diaphragmatic hernia is de- 
bated, since its radiologic differentiation from a 
prominent vestibule is a matter of indiwdual inter- 
pretation. In elderly persons, the incidence of slid- 
ing hernia exceeds 50 per cent, men appearing to 
be somewhat more susceptible; paraesophageal 
hernia, predominantly a disorder of women, is only 
one-tenth as common. Both types of hernia are 
more prevalent in stocky and obese individuals. 

Symptoms. Both parahiatol and sliding hernias 
may give rise to symptoms when the herniated 
pouch is irritated or injured by the mechanical dis- 
advantages of its position or when it is sufficiently 
large to affect adjoining viscera. These complica- 
tions characteristically affect the paraesophageal 
\-aricty' of hernia. The most common complaint is 
high epigastric or low midtboracic pressure or a 
pain which may radiate along the left costal mar- 
gin, to the top of the left shoulder or down the 
arms. Belching is copious and hiccoughing occa- 
sional. By and large, the symptoms are moderately 
distressing, but a rare case may suffer acute pros- 
tration should strangulation of the herniated stom- 
ach take place. If the mucosa of the hernia be- 
comes eroded, acute or chronic blood loss is 
ossiblc, but the importance of diaphragmatic 
emta as a source of gastrointestinal blood loss is 
usually exaggerated. Large hernias rarely cause 
intermittent acute dysphagia by angulating, twist- 
ing, or compressing the esophagus, or they may 
dtsplass the lungs ut heart \o cansc 
c-irdiorespiratory symptoms. \VIiatc\’er the dinfeal 
manifestations of diaphragmatic hernia, they are 
characteristically precipitated by eating and aggra- 
vated by l)’ing down, both of which actions tend to 
force more of the stomach into the thoracic cavity. 

The principal complication affecting sliding dia- 
pliragmatic hernias u peptic esophagitis. This is 
discussed below. 

Diagnosis. Diagnosis is made by radiologic 
means. Once a diaphragmatic hernia is radiolog- 
ically identified, ho^ve^'cr, its relation to the pa- 
tient's symptoms poses n nice problem. On one 
hand, the sj'mptoms of di.iphragmalic hernia arc 
so di^ erse that they may resemble the symptoms of 
coronary insufficiency, biliary colic, pancreatitis, 
gastric or duodenal ulcers, esophageal diseases, 
or functional digestive disorders. On the other 
liand, diaphragmatic hernias are diagnosed so fre- 
quently by the radiologist that many hernias must 
be considered as incidental findings unrelated to 
the patient’s complaints. As a rule upper abdomioal 
or lower thoracic sj-mptoms should not be ascribed 
to a radiologic,illy rlcmonstralcd diaphragmatic 
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hernia unless (1) other possible causes arc ex- 
cluded with reasonable certainty and (2) some evi- 
dence exists that the symptoms are intensified 
when the patient eats or lies do^vn. A particularly 
difficidt problem in differential diagnosis is sub- 
stemal distress in the elderly patient with both 
electrocardiographic nbnonnaJities and diaphrag- 
matic hernia. Although coronary pain is usually le- 
lated to exercise and that of hernia precipitated by 
lying down, these associations are not constant, 
and both conditions may be aggravated by a full 
meal. ^\Tien the evidence is conflicting, the wiser 
course is to assume that coronary disease is the 
principal offender. 

Treatment. Most patients can become fairly com- 
fortable but not entirely symptom-free by eating 
small meals of low fat content (fat retards gastric 
evacuation), by avoiding food entirely for 3 br 
before going to bed, and by sleeping w'ith the up- 
per half of the body elevated. Additional S)Tnp- 
tomalic relief may be afforded by sedatives and 
antispasmodics. Weight loss is imperative for the 
obese. With respect to surgery, sliding hernias with 
esophagitis present a special problem, which is dis- 
cussed later. Operative repair of paraesophageal 
hernias is indicated if they have been identified 
as causing intermittent esophageal obstjuction, 
respiratory disease, perforation, strangulation, re- 
peated or chronic bleeding, or set’ere distress not 
affected by intensive use of medical measures. If 
surgery is risky because of age or other illness, 
S)'mptoms can be parliaUy controlled by crushing 
the left phrenic nerve to paralyze the left dia- 
phragm. 

ACUTE ESOPIUGITIS 

Acute esophagitis in a mild form, with sub- 
slemal pain aggravated by swallowing, may com- 
plicate upper respiratory infections. More violent 
forms with variable necrosis may occur in mori- 
bund states, in diseases of tlie central nervous sys- 
tem, after extensive bums or trauma, after opera- 
tions, espedally if vomiting is pronounced or 
gastric intubation prolonged, and with specific in- 
fections such as scarlet fever, diphtheria, typhoid, 
and viral diseases with herpetic oral lesions tliat 
extend into tlie esophagus. Monilial esophagitis 
may appear in those weakened by chronic disease, 
especially if antibiotics or adrenocortical therapy 
has been used. In many of these conditions, debil- 
it)', ischemia, the trauma of vomiting, or exposure 
of the esophageal mucosa to acid gastric contents 
must be important pathogenic factors. 

The ingestion of alkaline corrosive agents pro- 
duces a classic variety of acute esophagitis whicli, 
if not immediately fatal, may terminate in extensive 
esophageal stenosis. Immediate treatment depends 
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on giving parenteral analgesics as needed for pain 
and antibiotics (e.g., aqueous penicillin, 600,000 
units, and slreptomycin, 250 mg. intramuscularly, 
four times daily for an adult) for fear of an im- 
pending mediaslinitis. Oral intake is avoided for 
3 to 7 days. After approximately one week, if no 
e.xtraesophageal infection is apparent, adrenocoiii- 
cal therapy in full doses is recommended to contain 
the tissue reaction believed responsible for the en- 
suing stricture. The use of intubation is contro- 
versial; if undertaken, it should be performed by 
expert and cautious hands; the corroded esophagus 
IS easily lacerated. 

CHRONIC PErnC ESOPHAGITIS 
CiiTonic esophagitis is an inflammatory reaction 
of the esophageal wall with erosions or frank 
ulceration of the mucosa and narrowing of the 
lumen by muscular spasm and hbrotic stricture. 
Although the etiology of some cases Is obscure, the 
great majority are the result of excessive refiax of 
acid gastric juice. Peptic esophagitis and the add- 
pcplic factor appear to be causally related since 
the disorder occurs predominantly in those with 
high gasbic acidity, is more common in males, and 
is associated in over one-third of the cases with 
former or concurrent duodcn.al ulcer. The abnor- 
mabw that permits the excessive relliu is usually 
a sliding diaphragmatic hernia, which obtiinds the 
flap valve created fay the angle of His and elimi- 
nates both the mtraafadominal segment of the vesti- 
bule and whatever contribution the diaphragmatic 
hiatus makes toward maintaining the competence 
of the normal gastroesophageal barrier (Fig. 
271-lC) Occasionally a cnronic esopbaglUs makes 
its sudden and discouraging appearance in an 
elderly patient following a severe vomiting episode 
or after intubation has been used as a postoperative 
measure or to treat gastrointestinal distention. In 
these cases, debility and local trauma presumably 
enhance esophageal susceptibility to refluxed gas- 
tric matenal. 

Symptoms. The patient may or may not have had 
a past history of duodenal ulcer, but almost in- 
v’anably he h.is been a long sufferer from heart- 
burn. At first this symptom troubles the patient 
only after overeating, soon after retiring to bed, 
or when bending over. Intermittently and progres- 
sively, however, the heartburn worsens, cold and 
hot foods and slightly acid foods are increasingly 
painful to swallow, and ev’enlually dysphagia ap- 
pears. k\'ith advancing disease, malmitrilion is 
inevitable and slow blood loss occasion.'il. 

Diasnovis. Diagnosis is made principally by x-rrqf, 
which in cases with stricture shows a gr.'tdual and 
funncl-sliapcd narrowing of the distal esophagus. 
The esophagus appears shortened and tenninates 
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in a tentlike supradiaphragmatic projection of the 
stomach characteristic of a sliding hernia. Early 
cases, with minimal x-ray findings, may be recog- 
nized by the fiery, oozing, and mucus-flccked ap- 
pearance of the distal esophagus seen through the 
esophagoscopc. Patients with esophagitis are also 
apt to experience ^ical pain within 30 min when 
0.1 N hydrochloric add is dripped into the esopha- 
gus at a rate of 100 drops per minute (Bernstein 
acid test). The normal esophagus is said not to be 
sensitive to this procedure, but care must be taken 
to differentiate esophageal pain from any gastric 
pain that might be elicited by the add drip. In the 
differential diagnosis, cancer, cardiospasm, diffuse 
spasm, and scleroderma must be considered. In the 
attempt to exclude cancer, examination of cells 
obtained by biopsy, esophageal washings, or both 
is essential. 

Treatment. Medical management aims to protect 
the esophagus, reduce gastric addi^, and prevent 
gastric reflux. To protect tlie esophagus, the patient 
takes 1 tbs of a liquid, viscous antacid preparation, 
such as an aluminum hydroxide gel, at hourly Inter- 
vals between meals while be is awake. The medi- 
cation is taken “straight” and not followed by other 
material. To enliance its viscosity and emollient 
properties, the antacid gel may be mixed with 1 
tsp of a vegetable oil. If pain is marked, additional 
symptomatic relief is achieved by giving an alumi- 
num hydroxide gel containing a surface-active 
anesthetic such as cxethazine. Anticholitier^cs are 
as a nile not indicated, since any advantage they 
might gain by reducing gastric secretion is offset 
by their disadvantageous action of increasing gas- 
tric retention as well. A bedtime anticholinergic is. 
however, reasonable for those who suffer nocturnal 
heartburn. A moderately blind diet is desirable, 
but more important is the avoidance of Urge meals 
at all times, and of any food or dnnk after the eve- 
ning meal. In stocky or obese patients, weight loss 
is beneficial since abdominal fat may increase the 
degree of gastric herniation and reflux. Fmall). 
6- to 8-in blocks are placed under the bead of tlw 
bed to lessen nocturnal gastroesophageal regurgit. 1 - 
tion. 

Medical management of peptic esophagitis nuy 
relieve esophageal pain and the dysphagia pro- 
duced by edema .md spasm, but it is ineffective 
when dvsphagi.i is caused by fibrous stricture. Tliis 
must be treat^ by cautious dilatation. If djsphagn 
persists or recurs in spite of medical measures and 
dilatation, surgical intcrvoniion is indicated. In an 
early case, repair of llie sliding hernia may be suffi- 
cient, but in most instances some t>po of operation 
designed to reduce gastric acidity (subtotal gas- 
trectomy, vagotomy uitit a ilram.ige procedure) is 
carried out at the same time. Such surgical effort 
is unfortunately not mucli more than 75 per cent 
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suc-cessfiil. Resection of the invohecl area, as may 
Iw necessitated by uncontrollable stenosis, is also 
not too rewarding; since all barriers to gastric reflux 
are removed, rccuirencc of esopliagitis proximal to 
the gastroesophageal anastomosis is likely. Progress 
is being made in overcoming this difficulty by re- 
placing the resected gastroesophageal section with 
a segment of small or large bowel. 

PEPTIC ULCER 

A solitar\' peptic vilccr is occasionally foxind in 
tlic distal esophagus. This lesion differs from pep- 
tic esophagitis in that the ulcer is more sharply lo- 
calized, penetrates more deeply, and is more apt 
to perforate or to cause massive bleeding. On the 
other hand the ulcer is more susceptible to stand- 
ard medical antacid management (Chap. 272), 
produces less e.\tensive stricture on healing, and 
causes less chronic dysphagia than peptic esopha- 
gitis. The solitary peptic ulcer in the dist-al esopha- 
gus thus resembles a benign gastric ulcer in many 
respects. Indeed many ulcers at the lower end of 
the guild actually invohe either a herniated por- 
tion of stomach or a section of the esophagus— 
perhaps the vestibule — that is lined with gastric 
mucosa. 

CARDIOSPASM (Achalasia) 

The term cardiospasm does not describe the na- 
ture of the disorder accurately but is well estab- 
lished by custom. Actually cardiospasm is a motor 
disorder invohmg the entire distal two-thirds of 
the esophagus. In the esophagus above the ves- 
tibule, the normal propulsive pattern of peristalsis 
is replaced by nonprogressive and uncoordinated 
contractions. For this reason the name apcrislahis 
IS used in Brazil. Tlie massive esophageal dilatation 
seen in some cases has, in turn, given rise to the 
name megaesophagus. Finally, the term achalasia 
(literally, “not relaxation”) is popular because the 
lower esophageal sphincter, i e., the vestibular 
area, does not relax normally in response to swal- 
lowing and thus creates an obstructing segment at 
the distal end of the esophagus. 

The motor disorders of cardiospasm appear to 
reflect an impaired cholinergic innervation of the 
esophagus. Histologically the cells of the myenteric 
plexus, i,e., the parasympathetic ganglions, are 
damaged or absent. Pharmacologic studies have 
shown that administration of a cholinergic agent 
produces a tetanic, specific, and often violent con- 
traction of the affected esophagus. This response, 
when interpreted in the light of Cannons finding 
that denervated structures respond maximally to 
neurohumoral stimulation, provides additional evi- 
dence that the cholinergic innerv ation of the isoph- 


agus is deficient in cardiospasm. The ultimate 
etiology, however, is unknown. In Brazil, the re- 
markable prevalence of cardiospasm in areas where 
Chagas disease is endemic has fostered the strong 
conviction that the intrinsic esophageal denervation 
is a late result of esophageal infestation by the 
responsible agent. Trypanosoma cruzi. 

S>'niptoms. Cardiospasm affects all ages of both 
sexes. Its course is usually chronic, with dysphagia 
gradually worsening over montlis to years. In some 
patients, the process is painless; in others spasms 
of substcmal pain may follow eating. Occasionally 
the initial episode of dysphagia appears with dra- 
matic suddenness, either after bolting food or after 
an emotional upset. In either case, however, the 
condition has probably been present in latent form 
before the acute episode. As the disease progresses, 
extreme and tortuous dilatation of the esophagus 
may develop. When the patient lies down, the 
copious amount of food residue, saliva, and other 
secretions contained in the spacious esophageal sac 
runs freely back Into the pharynx and mouth. If 
the regurgitated material is aspirated, chronic in- 
fection of the long bases is a potential complica- 
tion. Stagnation of food also leads to a chronic 
inflammatory reaction of the esophageal mucosa 
and submucosa. Obviously, weight loss is common 

Diagnosis. Diagnosis is usually made without dif- 
ficulty on the basis of the history and the charac- 
teristic radiologic findings of abnormal esophageal 
motor function with a smooth, beaklike narrowing 
of the distal esophageal segment. In some cases, 
cancer originating in the gastric cardia, but infil- 
trating the esophagus, may present a somewhat 
similar x-ray appearance, and a variety of motor 
disorders of the lower esophagus has been con- 
fused with cardiospasm. These problems in differ- 
ential diagnosis should be less frequent if it is 
remembered that the radiologic abnormalities of 
cardiospasm consist of deranged peristalsis as well 
as narrowing in the area of the vestibule. 

Treatment. Medical treatment, symptomatic at 
best, consists of the use of sedatives and bland, 
semtsolid foods warmed to body temperature. 
Smooth-muscle relaxants such as nitrites are often 
used to open the vestibule, but the effect is too 
transient to permit the patient to enjoy a meal. 
Anticholinergics may lessen oral and esophageal 
secretions and may inhibit painful spasms; in view 
of the basic neurologic defect, however, they po- 
tentiate rather than alleviate the dysphagia. The 
best available therapy is forceful dilatation of the 
narrowed vestibule, with the specific purpose of 
tearing some of the muscle fibers in this area. Pass- 
ing piiduated mercury-tipped bougies does not 
accomplish this and therefore relieves dysphagia 
only briefly. It is necessary to use bags that 
can he inflated under pressure or a mechanical 
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(StarcV) dilator. In experienced liands, llicsc In- 
strumcnls, when positioned under flnorosenpie con- 
trol, rarely cause complete esophageal mpturc, and 
dj’sphagia is relieved sucecssfidly for years, or ewn 
permanently, in over 75 per cent nf eases. I'orccfnl 
dJalalion does not restore norrnal esophageal mo- 
tility, but It impairs the contractile po'ver of the 
s-cstibule and thus permits the esophagus to empty 
under the influence of hydrostatic and transmlltnl 
oropharyngeal pressures. Improved esophageal 
emptying, in turn, prevents further csopliagills and 
distention of the lumen. 

^Vhen tlie esophagus is extremely ddated ond 
suCicicntly tortuous to warrant the adjective sig- 
moid, mechanical dilatation of the narrovvetl are.i 
IS often not feasible. Surgery Is then neecs$.ify. Un- 
fortunately any procedure that creates a new open- 
mg between the dilated esophagus and the stom- 
ach permits, when the patient lies down, reflux of 
gastric contents into an already damaged esopha- 
gus which cannot muster the peristaltic force neccs- 
sarj’ to return the gastric contents where they 
belong. The consequence is severe csopliagilis, 
often more distressing tlun the cause of the opera- 
tion and a major source of blood loss. If technically 
feasible, the surgical procedure favored at present 
is the Heller myotomy, which is b.ised on the 8.imc 
principle as forceful ddatation: the contractile 
power of the vestibule is dcslroj'ed by placing a 
longitudinal cut through the muscle, out not tlic 
mucosa, of the narrowed segment. Myotomy Is, 
how'cver, not invariahly successful in alleviating 
dysphagia or preventing rcfliu esophagitis. In ad- 
vanced Cases, with unsuccessful previous operative 
procerlurcs, jejunal interposition may h.avc to l>c 
used to replace the hopelessly malfunctioning gas- 
trocsopliageal segment. 

DlMiRTlCULA 

Diverticula arc found in the esophagus in about 
5 per cent of older patients who are given a svv.iI- 
low of banvim. htost of these pouches occur in the 
mid- and distal esophagus, but they arc usually 
small (1 to 4 cm in diameter) and do not cause 
S)Tnptoms. Extremely rarely an esophageal diver- 
ticulum is subject to ulceration or becomes large 
enough to cause dysphagia. A div erticuhim of great 
clinical importance, however, is 2Jenkcr’s diverticu- 
lum, a pouch which actually arises in the posterior 
aspect of the hypopharynx but which extends 
downward between the spine and the esophagus. 
Patients with this condition — elderly men for the 
most part — suSet dysphagia because swallowed 
material tends to fill the diverticular sac, which 
then compresses the esophagus. licgurgitation of 
food fouled by stagnation and nocturnal fits of 
coughing may complicate the picture. Diagnosis 

'i 
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c.m uxtuDy be m.ide by x-ray provided llie pharjnx 
is adcquatdy stiiditxl .is the p.iticnt swallows Inr- 
him. Surgical treatment Is necessary to relieve tli'’ 
sj-mptoms nf a Zenker's diverticulum but miy !«■ 
complicated by mcdiavlinal infection, disordrn of 
phatyiige.ll function during swallowing, or recur- 
rence of the divcrUciiIum. 

OTiinn csoniACEAL Disononns 

Disorders of Motor I'unclum. In elderly pmenv 
normal peristalsis in the low rr esophagus abov e thr 
vestibule may Iw replaced by so-calltd “curling" 
a type of motility which on radiologic study un- 
parts a pcctili.if beaded appearance to the contract- 
ing organ. Tlie condition is usually osymptomatic 
but may be confused radiologically with csophigral 
varices. Occasionally the abnonnality is sufficienflv 
severe to cause dysph.igi.i and pain on swallowiri!; 
Tlie disorder is then known as diffuse spasm of the 
esophagus or corkscrew* esophagus, Ix-caiise tfic 
contracting esophagus appears by x-ray to have fi- 
sumed a bizarre corkscrew p.ittefn As treatment h 
relatively unsatisfactory, patients with this disorder 
may have to subsist on liquid and scmlsolid food- 
A longitudinal myotomy of the entire distal csopha* 
gus has recently l>ccn introduced as a somellmM 
successful surgical treatment. 

Tlie lower esoph.igcal ring Is a thin, symmetrle^k 
annular narrowing located 1 to 4 cm above the 
diaphragmatic hiatus. Tlie ring is caused by a 
tliaphragro-like structure containing strands of con* 
ncclivc and muscular tissue. It is covered in some 
cases !j)' esoplugeal mucosa on its upper aspect 
and g.istnc mucosa on Its under aspect. In othtr 
eases, the covering rpilhehum is entirely esophag- 
eal. Its etiology is unkmojvn, hut the ring is found 
with increasing frequency in the older age groups 
ond often appears ossoclated with a sm-ill sliding 
hernia- Some 10 to 20 per cent of adults have 
asymptomatic rings, but if the residual lumen is 
less ^in 12 mm in diameter, the ring may cause 
a highly chaTactcnstic symtlrome consisting of in- 
Urmittent attacks of dysphagia, recurring over 
years, unassociated with any other esophageal ab- 
normality, and precipitated only when the patient 
swallows meat or other elastic chunks wilhoot 
proper chewing. Treatment usually consists oi 
avoiding such haste. Dilatation Is inconstantly suo 
cessfut. In a few, unusvially severe cases, surgery 
w’lth direct cutting or fracture of the responsible 
diaphragm is indicated as an effective procedure 

In infants w’ith clnl.isia, the normal tonic con* 
traction of the lower sphincter between swallow's i^ 
absent and free regurgitation from the stomach 
occurs. The condition also affects an occasional 
adult 

About 20 per cent of patients with scleroderma 
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sufTcr esophageal imolvcmcnl with moderate dila- 
tation of the Iwmen, absent motor functijMi, and 
variable dysph.igia. In doubtful eases the esophag- 
eal changes may be the means of diagnosing Sclcro- 
dcmia. An almost invariable late complication is 
a distal esophagitis producing ulceration, stricture, 
or both just above the gastroesophageal junction. 

Perforation and Rupture. Perforation of the esoph- 
agus may complicate esophagitis, peptic ulcer, or 
neoplasm. Rupture may be induced by external 
trauma or, more commonly, during instrumentation 
of the esophagus. Sometimes it develops spontane- 
ously in a pres’iously healthy organ. The conse- 
quences are a sjudromc comprising (1) severe pain, 
usually substcmal, but occasionally epigastric or 
precordial, and intcnsiGcd by swallowing; (2) free 
air in the mediastinum, producing a mediastinal 
crunch and subcutaneous emphysema palpable 
uilhin 1 to 12 hr above the collarbones; (3) diges- 
tion of mediastinal pleura by pressure and gastric 
juice with resultant hydro- or hemopneumothorax 
and respirator)' embarrassment; (4) shoch; and 
(3) secondary infection. 

Spontaneous rupture is a specific entity that 
develops suddenly during \-omiting or coughing, or 
occasionally merely after injudicious gluttony. The 
tear, 1 to 8 cm in length, almost invariably is In 
the poslerolaleral portion of the esophagus imme- 
diately proximal to the diaphragmatic hiatus. Tlic 
diagnosis is to be suspected in elderly men (80 
per cent of cases) who are suddenly seized by the 
typical syndrome while vomiting or coughing; it is 
established by x-ray (air in mediastinum or neck, 
demonstration of laceration by having the patient 
swallow radiopaque material, pleuropulmonary ab- 
normalities), thoracentesis revealing gastric con- 
tents, and exclusion of myocardial infarction, pan- 
creatitis, and ruptured abdominal viscus. Air under 
the diaphragm is never found in spontaneous eso- 
phageal rupture. 

Perforation of the esophagus is highly lethal if 
not treated vigorously. In early cases, constant eso- 
phageal suction and parenteral administration of 
penicillin (600,000 units) and streptomycin (230 
mg) intramuscularly every 0 hr is immediately 
urgent. If sepsis or signs of increasing mediastinal 
reaction are not thereby controlled, surgical drain- 
age and repair of the laceration are indicated. 

A disorder closely allied to spontaneous esophag- 
eal rupture is vertical laceration of the gastro- 
esophageal junction producing, since focal vessels 
are involved, severe and usually exsanguinating 
hemorrhage. This so-called Malloiy-Welss syn- 
drome usually develops when prolonged vomiting 
follows an alcoholic bout. 

Foreign Bodies. Foreign bodies may cause dys- 
phagia, pain, or perforation of the esophagus. Ri^d 
bodies usually are arrested above the aortic at^, 


and elastic material in the distal esophagus. Not 
infrequently a structural abnormality or disease of 
the esophagus is responsible for stopping the for- 
eign body. 

VariTOS. Esopliagea! r’arices are discussed in 
Chap. 19, p. 156, and Chap. 280, p. 1686. They 
do not cause dysphagia or other esophageal symp- 
toms. Radiologically, however, their appearance 
may be confused with that of cancer or esophagitis. 

Plummer-V’mson Syndrome. This syndrome, also 
known as sideropenic d)’sphagia, is a cause of dys- 
phagia in women with hypochromic anemia. Often 
a crescentic web indents the anterior aspect of the 
crlcopliaiyngeal area; in other cases mucosal at- 
rophy and inflammation appear prominent at the 
same site. A good diet and iron are usually thera- 
peutic, but sometimes supplemental instrumental 
dilatation is required. The lesion is regarded as 
predisposing to pharyngeal carcinoma. 

Benign intramural tumors of the esophagus, such 
as cyst (usually of respiratory tract origin), leio- 
myoma, fibroma, and neurofibroma, may cause 
intermittent dysphagia and sharply defined radio- 
logic defects with smooth margins. Some benign 
tumors, especially adenomas, may produce intra- 
luminal polyps. 

The esophagus may be affected by leukoplakia, 
acanthosis nigricans, sarcoma, HodgUn’s disease, 
and leukemia. 

Extrinsic Disease. Diseases of the aorta, heart, 
respiratory tract, or mediastinal lymph nodes often 
displace the esophagus and may appear to narrow 
the lumen, at least in one diameter. Aneurysms of 
the aortic arch may compress the esophageal lumen 
against the spine; otherwise, however, dysphagia is 
rarely produced by extrinsic esophageal masses 
Invasion of the esophagus by bronchogenic car- 
cinoma is possible. 


For further discussion of problems considered in 
this chapter, the reader is referred to Chap 5, 
Pain in the Chest, and Chap. 16, Indigestion, Dys- 
phagia, Nausea, and Vomiting. 
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DUODENAL ULCER 

A/flrcfn //. SU'hcnger 

INTRODUCTION TO THE STUDY 
OF GASTRODUODENAL DISEASE 

Senous disease and disorder of ilie stomacli and 
duodenum, particularly inflamcn.'ttloii, iilccrillon, 
and malignancy, arc extremely common Alllmugh 
in most Instances llicse processes are not directU 
related, they gKc rise to n number of oierbppmg 
symptoms and demonstrate tli-tracfcnstic alliTa- 
lions In gastric secretory e.tp.ncity. Knowlerlge of 
p.im patterns, of the motor and secretory behavior 
of the stomach, of the response of the stomach to 
stress, and of the influcoevs of the ntttroendoenne 
system and of heredity is essentia! for llic pmptT 
clinical study of these ailments. Such inhinnitmn 
presides not only a basis for rational diagnosis and 
therapy, but a framework on which to build a 
belter understanding of pathogenesis of these dis- 
eases, particularly pepUe ukcr and gastric cancer. 

Pain. Pain originating in the stomach or duo- 
denum, respectively, is referred to the midepigas- 
trium or subxyphoid. Pain of the second and third 
portions of the duodenum is Icnv epigastric. Some 
overlapping, of course, may he encounfertd Tim- 
ing of pain is also important. Distress which is frit 
while the stomach is empty (s'seept on arising) 
usually reflects stimuli generated hy acid peptic 
actinty; that which appears while eating or imme- 
diately thereafter tiidieiitcs a local disturbance, per- 
haps inflammation and/or abnormal motor activity, 
and is often relieved hy emesis. 

Secretory and Motor Activity, The principal gas- 
tric secretions are hydrochloric acid, jvpsin, in- 
trinsic factor, and n variety of mucoprolcms and 
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miieopohsaccharicles. Clinically, measurement of 
add is the most informative and Important test. 
Normally, gastric juice is highly acid, with a pll 
I 0 to 1.5; the sitrtlion of the resting stomach 
overages nboiit 17 mEq of acid in alxjut 500 ml of 
fluid over 12 hr. Tlio van'ims influences upon add 
jwotluctiwv— -the vagi, eating, stress, neuroct»di>- 
crine stimuli, etc.— are complex and iitterrehtnl 
(Fig 272-!)5 an undcrst.inihng of their elTccts is 
important for intellignit study .and man.ngeinent of 
patients with iilcir disease. 

Of all the stimuli of gastric secretion which arc 
sketclu'd in Fig. 272-1, the best esublishcd and 
most import.mt are the lagui nerves, the mircl 
mccfutnlun, and hiiiaminc. lYie production of acid 
during intmligestive perifxls, ie., oienu'ght, m rc- 
s|innsc to sight, smell, or memory of food, and 
following insulin hypoglvccinia, ii-suhs from va!pl 
activity. Oiitj>oiiring of acid during meals is due to 
the release of gastrin by the atifruni when food 
fom« in conbet vvilh it. F.i!! In pM lieloiv fllxml 
I 5 in the antnim leads, in some unknown minncr. 
to a dimsiiution of acid seervtion by the fundus 
Otlicr factors whieli depress acid output incloile 
contact of the upptr dtiodc-num with arid (? medi- 
alcsl f»y secretin) and ihe effect of intense fwr. 

lIMominr is the most powerful stimulant of the 
parietal evil; however, complete undcfsUnding of 
Its endogenous activity is lacking Tlie integrity of 
the vagi t>r of the antr.il mechanism, respetti'cly, 
IS listri) when gastric acid is mcasiirprl In ll* 
basal state or after feeding a "lest mMl" lueh as 
gnul or alcohol Responsiveness of the pariital 
cell, how-cvcf. is Iicst tested by histamine injection 
Tlic other stimuli sliown in Fig. 272-1 will be dn- 
cVKscvl In later sections of this chapter Regardless 
of the rel.ilivc im|>nrtance of the roles of these 
stimuli, mrnsurement of and secretion is vitil to 
correct chnical diagnosis «f the important gastro- 
iliiodcnal dise.ises. 

Melhodt and Signifieance of Acid ,tfet;iurf/»cn/. 
AspiroHon of gastric juice by ii.vsogastn'c lube afte^ 
an ovx-nifglil List is Ihe standard method of obtain- 
ing samples for determination of acidity. The 
pvarance of a red tolor upon addition of Tnpfcrs 
reagent indicates the presence of free acid. If no 
free acid is present. 03 to 0 5 mg hisliminc have 
is injctlerl subcutaneously ami three I5-mm calK’t'’ 
turns are obl.iinrtl Again, if no free add is present 
in any $,imple and it is imperative to know wbether 
absolute (true) achlorbv dri.! exists, maximal liisb' 
mine stimulation should be given- A suitable anti- 
histamine preparation — 20 mg chlorpheniramine 
injlc.ate — is given .subeiitancously to minimize side 
effects, and about 20 rrun later OOt mg histamine 
per kilogram is also injected siihculaneotisly. Jmev' 
is collected during the 15- to 4'5'min period after 
injection of the stimulant and is tested for free acid- 
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Despite tlie availability of antiliistaminic agents, 
maximal stimulation should not be given patients 
with severe allergy, or with pulmoiiary disease, 
asthma, hypertension, or significant catdios'ascular 
disease. 

Failure to secrete acid after maximal stimulation 
indicates ah^ohite {true) achlorhydria: whereas ab- 
sence of acid or a lower than normal amount cither 
basally and/or after routine hisLamine stimulation 
(0 3 to 0.3 mg) signifies only a relative hyfJochlor- 
hydria. ytlthough values tend to be high for duo- 
denal ulcer, they overlap the normal considerably. 
Secretion in gastric ulcer has been variously re- 
ported as normal or, on the as’crago, slightly below 
normal. Acid secretion in catdnoma is, on the 
aserage, below normal in both the hasal and post- 
stimulation slates (Chap. 273). Absolute acWor/iy- 
dria. never encountered in benign peptic ulcer. Is 
common in gastric cancer. 

Acid may also be measured, both basally and 
after stimulation, by means of a "riibclcss’’ method. 
This procedure consists of administration, following 
stimulation by caOcine, of resins that exchange a 
cation, quininium, or azure A for hydrogen. The 
cation or dye is absorbed and c.xcrcted in tfic urine, 
where its concentration reficets semiquantitnlivcly 
Uic amount of gastric acid which has been ex- 
changed. With tlic azure A method. 0.6 mg of dye 
in the urine, determined colorimetrlcally, signifies 
the presence of free acid. In a small pcrccrttagc 
of instances, when gastric secretion is temporanly 
diminished, false negatives may be found. If doubt 
exists, the intubation method should be employed. 
The cation exchange melhod is 5uil.ablc for indi- 
viduals in whom intuhation is unfeasible and for 
screening large populations for rehitivc hypochlor- 
bydria. A positive test excludes complete (true) 
achlorhydria. The “tubeless" melhod, of course, 
should not be employed in patients with pyloric or 
esophageal obstniction, malabsorption, severe li\er 
or kidney disease and in those who arc vomiting. 
As with intubation, a negative result is unreliable 
in patients with gastroenterostomy or p) loroplasty. 

The finding of relative hypochlorhjdria is of 
some importance only in ruling out a diagnosis of 
duodenal ulcer in a patient with suggestive symp- 
toms. Absolute (true) achlorlijdria, on tl«* other 
liand, is an essential point in the diagnosis of perni- 
cious anemia; it also dictates the decision to oper- 
ate upon patients witli gastric ulcer and early or 
suspicious gastric carcinoma. 

Measurement of gastric pepsin is much more 
diGicuU and at present has no practical advaittage 
in clinical medicine. In some institutions, urinary 
pepsin— -uropepsin — is measured when pemidous 
anemia or carcinoma is suspected, but is significant 
only when absent in more than one specimen Fur- 
ther, correlation of Grinaiy level with cither ^tric 



Fic. 272-1. Kaown and possible stimuli of gastric acid 
secretion. (Based upon an Idea of Dr. T. F. Almij.) 


acidity or even gastric pepsin secretion is not good, 
and collection and measurement of 24-hr urine 
specimetrs is more troublesome than gastric analjsls 
for acid. Like uropepsin. blood pepsin is usually 
elevated in duodenal ulcer; it may be high, low, or 
normal in gastric ulcer; and usually is low in gastric 
cancer and very low to absent in pernicious ane- 
mia. However, as with measurement of gastric 
acidity, overlap among the categories is so great 
that a single determination is of limited value. Al- 
though study of the mucoproteins of gastric juice 
lus increased greatly, analysis of these constituents 
has not readied tlie stage of clinical applicabilit)*. 

Oriicr Tools of liiveslisation, noENTCEVocaAriiic. 
In the vast majority of instances, the diagnosis of 
gastroduodenal disease is confirmed by roentgeno- 
graphic e.xammation with the barium meal. This 
must be carried out in all instances of upper ab- 
dominal distress, particularly in patients of middle 
age, those with digestive symptoms lasting longer 
tlian a week or t^vo, and those who have bled, 
grossly or ocjcultly. 

D*:TEn.MLVATiov OF BLOOD LOSS. Roulincly, de- 
termination of hematocrit and test for blood in tlie 
stool should be carried out in all patients. Anemia 
or other evidence of blood loss must be explained, 
and roentgcnographic examination is required. 

EXFOLIATIVE CYTOLOCY. The study of cxfolialcd 
gastric mucosal cells, obtained in a variety of W’a)’s 
and reared and stained by the technique of 
Papanicolaou, has become increasingly accurate in 
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llie diagnosis of gasinc cancer. This approach has 
special applicability in the study of those gastric 
diseases — polyps and atrophy — which aro precur- 
sors of cancer. 

Ctidoscopy. Gastroscopy is helpful in establishing 
the diagnosis of diffuse gastritis, carcinoma, lym- 
phoma, and a variety of benign tumors. It may also 
aid in the differential diagnosis of benign and 
malignant ulcer and of upper gastrointestinal bleed- 
ing of unknovvn cause, as well as in ev’aluation of 
questionable roentgenographic findings. 

Limitations of the procedure are: (1) technical 
inadequacies resulting from "'blind areas” which 
include a small strip of the posterior wall in con- 
tact with the instrument, a small portion of the 
lower pole of tlie stomach, the lesser curvature of 
the antrum, and part of the cardia immediately 
adjacent to the esophagus; and ^2} difficulties in 
interpretation except by operators who have had 
vast experience. 

Gastric biopsy obtained with an appropriate gas- 
troscopic attachment or by a flexible suction tube 
inserted into the stomach has contributed further to 
the differential diagnosis of stomach disease. Biopsy 
is of value, however, in diagnosis of suspected 
tumor only if histologic proof is obtained. Biopsy is 
also extremely helpful in diagnosis of diffuse dis- 
ease, particularly gastritis and, occasionally, lym- 
phoma. 

Response to Stress. The clinician quickly learns 
that emotional reactions have their effects on die 
upper gastrointestinal tract. The observations of 
Wolf and Wolff have led to a better understanding 
of the effect of stress upon gastric function. Hyper- 
secretion, mucosal hyperemia, and heighteneil mo- 
tor activity accompany rage and hostility. In con- 
trast, fear and dejection are associated with hy-po- 
sccretion and hypomotility. ^Vh^le wc cannot con- 
clude th.at peptic ulcer represents a direct response 
to emotion, we must recognize emotional influences 
in its pathogenesis. Stress is also important in the 
appearance of symptoms which result from delayed 
gastric emptying and hyposecretion 

Hereditary Influences. Evidence is gradually ac- 
cumulating of a familial influence in such diseases 
as duodenal ulcer and gastric carcinoma. Their 
relationship to “precursor” states such as hyper- 
secretion of gastric acid and pepsin in the former 
and mucosal atrophy and hyposecretion in the lat- 
ter u now recognized. The clinician must rcab'ze 
the need for constant surveillance of both the 
patient with pernicious anemia who may develop a 
gastric cancer and the young man with a strong 
family history of duodenal ulcer disease who has 
recurrent epigastric pain and hypersecretion. 

Associated Neuroendocrine Disturbances. Knowl- 
evlge constantly grows of the number of influences 
upon gastric secretion and function. In addition 
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to the role of the vagus and the antrum, the endo- 
crine glands, particularly the adrenals and the 
parathyroids, and the pancreas appear to affect 
secretory activity. While the relationship of the 
central nervous system to the action of these organs 
is not dear, it is possible that impulses from tlie 
hypothalamus via the pituitary may be important 
In any event, the clinician who deals with ulcer 
disease must think about calcium metabolism and 
be well versed in steroid excretion and pancreatic 
function (Fig. 272-1). 

DUODENAL ULCER 

Definition. Duodenal ulcer, the commonest fonn 
of pi^tic ulceration, is an acute and chronic recur- 
rent disorder affecting all ages of the population, 
but predominantly men from the third to fifth dec- 
ades. The ulcer is usually circumscribed and lo- 
cated in the first portion of the duodenum and 
extends to the level of the muscularis. The crater 
generally has rather sharp edges. About 50 per cent 
of duodenal ulcers arc less than 1 cm in size, the 
remainder bemg larger; only about 10 per cent, 
however, are greater than 3 cm in diameter. Micro- 
scopically, the lesion is characterized by coagula- 
tion necrosis at the base with infiltration and accu- 
mulation of acute and chronic inflammatory cells 
Ofl«» the ulcer is covered with a thin layer of 
serofibrinous exudate. 

Incidence. The dlstnbution in the population w 
not exactly known. Estimates of the incidence of 
the disease, based on necropsy studies, run from 
7 to 10 per cent; the ratio of men to women is 
about 3.4:1. The incidence of this disease varies 
according to race, and for the sexes within the 
races, the total incidence of ulcer for Negro men 
is lower than for whites — again, Chinese have 10 
times as many ulcers as Javanese, as noted in a 
survey from Java. 

The only conclusion that can be drawn from a 
study of geographic and occupational factors in the 
twentieth century is that the incidence VTiries from 
place to place and from time to time in the same 
place. Over all, the disease does not predominate 
in any single occupational group— professional, 
skilled, semiskilled, heavy laboring, or agricultural. 

Etiology and Palhophyaiology 

The cause of duodenal ulcer is unkno'vn How- 
ever, much information has been accumulated 
about gastric secretion in this disease. IVhatever 
the ultimate cause, abnormal elaboration of acid 
must play a part. Figure 272-1 is a diagram of 
various stimuli, established and implicated, which 
increase acid production. A review of these inil^u- 
cnees is helpful for a better understanding of ih'* 
disease. 
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Secrclory Pnltcrn. The outstanding feature of the 
secretory pattern of the stomach of patients with 
duodend ulcer is the basal hj-persecrelion of acid 
and pepsin. In addition, all the common stimuli — 
vagal, food (particularly alcohol, coffee, and beef 
brotli), stress, insulin, and histamine— elicit a 
greater than normal acid secretion. However, de- 
spite the significantly increased mean rate of secre- 
tion in patients m'th duodenal ulcer, in only a 
minority docs the response to the standard secre- 
tory tests exceed the upper normal limit. Hence, 
measurement of secretory rales has only a limited 
value for identification of duodenal ulcer. 

The reason for the increased rate of acid secre- 
tion in duodenal ulcer is not altogether clear. Per- 
haps the most important factor is heightened vagal 
aclivit)’ which may explain the high rate of acid 
secretion during the cephalic and interdigcslive 
phases and its marked reduction after vagotomy. 
Others consider the dominant cause to be the in- 
creased parietal cell mass, since the maximum acid 
output of the stomach may be quantitatively re- 
lated to the total number of parietal cells. WTrether 
the number of parietal cells increases before or 
after ulceration has occurred is not definitely 
kmown. 

Despite the e.xperimental production of peptic 
ulcer in animals by continuous stimulation of acid 
secretion, the hypersecretion of the stomach per so 
in duodenal ulcer may not be the cause of the dis- 
ease. The persistence of elcN-atcd secretion of pep- 
sin and acid after the healing of a duodenal ulcer 
u evidence that the abnormal secretion Is not 
solely responsible for the disease. Proper under- 
standing of the seeretoiy pattern of these patients 
is, nevertlieless, necessary for intelligent treatment, 
since the cornerstone of therapy rests upon con- 
tinuous suppression of acid-peptic activity. 

Heredity. A hereditary predisposition seems ap- 
parent from the famUy histories of these patients. 
Pertinent, perhaps, is the association between the 
incidence of blood group 0 and duodenal ulcer. 
Further, there is a significant coincidence of blood 
group O and of nonsccrelion of ADH substances in 
duodenal ulcer patients. Since the ability to secrete 
these substances into the gastrointestinal tract is 
inherited independently of the ABO groups, the 
effects of nonsecretion and of the occurrence of 
blood group O are not only coincidental but also 
addith’e. That this association of various genetic 
factors is causal in duodenal ulceration remains, 
however, to be proved. 

Effect of Stress. Although much has been written 
of the personality of the patient with duodenal 
ulcer, no completely acceptable prototype has 
emerged. We are prone to characterize him as an 
individual who is hard-driving, conscientious, am- 
bitious, and, in general, successful Plainly, this is at 
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once exaggeration and oversimplification. While 
many duodenal ulcer patients fit this description, it 
is equally true that a large number are rather shy, 
soft-spoken, unaggressive, and even withdraxvn. 

From the time of Beaumont’s classical study on 
the gastric secretion of Alexis St. Martin, increasing 
attention has been paid to the lole of emotional 
stress in gastric secretion and, in turn, in the gene- 
sis of duodenal ulcer. One cannot doubt, on the one 
hand, an association between anger and hostility 
and increased acid secretion and, on the other, a 
frequent temporal relationship between emotional 
turmoil and the onset of reactivation of duodenal 
ulcer. Indeed, in this area rather elaborate, but 
conflicting, theories have been proposed which at- 
tempt to relate definite personality patterns and/or 
environmental influences to the genesis of this dis- 
ease. These remain, for the most part, unsubstanti- 
ated. 

Studies in monkeys and man both indicate that 
behavioral reaction patterns are quite important. 
However, it is impossible to achieve an acceptable 
definition of stress which may be universally ap- 
plicable, and this failure renders diScult the assess- 
ment of this factor in an individual case. While 
stress may lead to hypersecretion of acid, it is 
important to remember that these patients are ca- 
pable of hjperresponding in this way to many 
stimuli of acid secrcb’on. 

Neuroendocrine Influences. Some investigators 
believe that stress affects gastric secretion partly 
Wa the anterior hypothalamic and vagal pathway 
and partly through the posterior hypothalamus- 
anterior pituitary-adrenal axis. Insulin hypogly- 
cemia can increase secretion of acid in man, as in 
the monkey, presumably via these pathways. Fur- 
ther, the peaks of secretion which are noted at 1 
hr and 3 to 4 hr after insulin are thought ultimately 
to be due to the action of llie vagus and the adre- 
nal glands, respectively. With the available infor- 
mation, however, it is impossible to draw an anal- 
ogy between effects of hypoglycemia and the stress 
of daily living. 

Adrenal. The virtual absence of duodenal ulcer 
disease in patients with untreated adrenal insuffi- 
ciency and the appearance of such ulceration in a 
number of individuals receiving adrenal corticos- 
teroid therapy has focused a great deal of atten- 
tion on the possible role of adrenal cortical secre- 
tions in the genesis of duodenal ulcer disease. Al- 
though patients with adrenal insufficiency secrete 
less than normal amounts of acid and pepsin, in 
individuals who develop peptic ulcer while receiv- 
ing either ACTH or adrenal corticosteroids, acid 
and pepsin secretion is increased inconsistently. 
Indeed, in many of these instances there is hypo- 
secretion or even achlorhydria. Studies of urinary 
17-OH-corticoids during periods of .ictivity .and 
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([tiiesccnce in patients «ith duodenal ulcer indicate 
no variation in the normal function of the adrenal 
cortex. Indeed, several studies demonstrate that 
ulcers in rats may be induced by techniques mvolv- 
ing stress only in the absence of normal adrenal 
function. 

ParathiiToid Gfands. Recent studies have demon- 
strated that incidence of duodenal ulcer is slightly 
increased in patients with hyperparathyroidism al- 
though gastric secretion is normal. Subcutaneous 
injection of parath)70id hormone — 1,000 units — 
increases volume and pepsin secretion, but not 
acid, indeed, animal e.vperiments indicate tli.it 
long-term administration of this hormone depresses 
secretion, possibly bj’ the inhibiting action of hy- 
percalcemia on the vagus. The mechanism of pep- 
tic ulcer formation in hyperparath)Toidism, there- 
fore, is iinknowTi. 

IIjpoparathjToidism is associated with depressed 
g.istnc secretion, which, however, is corrected 
when the senim calcium returns to normal, cither 
by the administration of calcium or parathormone. 
Tims, the parathyroids seem to influence g-astne 
secretion solely through their effect on scrum cil- 
cium, since a curtain level of serum calcium seems 
necessary for normal gastnc secretion. 

rancTcatIc Adenomas and Multiple Cndocrine 
Adenomas. The reports of unusimlly severe recur- 
rent peptic ulceration in the duodenum or jejunum 
nssodated with noninsulin secreting islet cell ade- 
nomas of tlie pancreas have aroused a great deal 
of interest. In addition to the fulminating ulcer 
diathesis, tlicsc indnidu.nb secrete excessive quan- 
tities of gastne juice, I2-hr collections ranging from 
2,000 to 14,000 ml, with a total acid output as 
great as 10 mEq per hr, about four times the 
normal mean rate. Ulcerations recur, despite high 
subtotal gastrectomy and removal of the pancreatic 
tumor, because this neoplasm often eitlier is malig- 
nant with functioning metastases or is scattered 
diffusely through the pancreas. In almost all in- 
stances, total g.nstrcctomy must be carried out in 
order to prevent recurrent ulceration. Some evi- 
dence exists th.at a gastrinlikc substance, produced 
by the adenoma, is responsible for the g.istric liy- 
prrsecretion which accompanies the severe recur- 
rent ulcerations. Some of these patients may also 
have diarrhea, steatorrhea, and hv'popotassemia. 

In approximately one-fifth of these individuals, 
multiple endocrine adenomas are present invcJving 
parathyroid, adren,-!!. pituitary, and thyroid glands 
Since the nonpancrealic adenomas are functionmg 
in only 20 per cent of instances, it is unlikely that 
the ulcerative process is related in some way to 
multiple endocrine dysfunction It is quite dilBcuIt 
to ascribe cither the li)’pcrsccrelory state of the 
stom.ich or the severe peptic ulcerations Jircctli/ 
to the pancreatic adenomas for two reasons- (1) 
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significant reduction in gastric secretion following 
remox'al of a tumor alone has not yet been shown, 
(2) some patients with duodenal ulcer secrete as 
much gastric juice and acid as those with ulcer and 
adenomas. 

Relationship of Disorders of Other Tissues to 
Peptic Ulcer, Liver. The incidence of peptic ulcer is 
increased in cirrhosis of the liver for reasons which 
are not clear. Recent observations in patients after 
portocaval anastomosis for portal hj’perlcnsion in- 
dicate a hepatic role both in control of gastric se- 
cretion and in the appearance of peptic ulcer since 
there is an increase after operation not only in 
gastric acid output but also in the incidence of 
peptic ulcer. Tlic increased frequency of ulcer may 
be related to the former phenomenon, but the rea- 
son for the increased acid production is not evident 
Perhaps it is due to absorbed histamine which is 
not detoxified by the liver because of the shunt 

iUofigriant Carcinoid. Reports indicate that duo- 
denal ulcer IS frequently noted in patients with 
metastatic malignant carcinoid tumor. Increased 
acid secretion has not been found and, indeed, 
o-hjdroxytryptamine (Serotonin) which is pro- 
duced in tremendous amounts by the tumor has 
been shown to inhibit acid secretion. 

Although the incidence of duodenal ulcer « 
alleged to be increased in pulmonary emphysemo 
and polijetjthcmia vera, acceptable supporting ca- 
dence is lacking. 

Clinical Picture 

Cl.'issic.il Picture. The symptoms of duodenal 
ulcer arc fairly characteristic and easily recognized 
Among them, pain predominates, it Is usu.illy 
localized to an area a few centimeters in dwnictcr, 
high in the epigastrium or siibvyphoid, but some- 
times in the midepigastrium or to the nght of the 
midlinc in tliis area. The pain is steady, deep, ■'>nd 
nonfluctuating and is described as gnawing, bul 
It may be dull, aching, or burning. An outstanding 
feature of the distress is its rhi/f/imicffi/, since it 
appears about 1 to 3 hr after meals, when the 
stomach is empty, it also often awakens the patiwit 
from sleep about midnight to 2.00 a m. However, 
the pain rarely is noted on arising in the morning 
This distress is almost always alleviated hy eating 
Milk IS p.articiilarly effcctiv’e. Nausea and vomiting 
arc uncommon in uncomplicated duodena] ulcer 
These sj’mptotns may predominate, however, when 
ulcer cicatrix has narrowed the pyloroduodcnal seg- 
ment Occ.asionally, the pain may radi-atc into the 
midback or. indeed, be felt only in this are.a or m 
the nglit flank, indicating possible penetration of a 
duodenal ulcer (see pp 18 and 1005). 

Occurrence of ulceration varies according to sea- 
son in certain parts of the world, being greater «' 
the spring smd awtwnm in the temperate rones- 
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Tliis periodicity has been attributed to seasonal 
changes in atmospheric pressure, tbetar)' babits, 
incidence of respiratory infection, and stressful 
situationsj however, substantiation is lacking. 

The basis for the pain of duodenal ulcer has not 
been clearly defined. Some observers feel that it is 
due to the action of acid upon exposed nerve fibers 
at the edge or base of the ulcer, the pain thresh- 
old of which has been lowered by the inflamma- 
tory reaction to the erosion. Cited in support of 
this is the relief from pain which follows ingestion 
of substances that neutralize acid. Others believe 
that increased muscular activity initiates pain, 
stressing the effectiveness of administration of sub- 
stances (anticholinergics) which greatly reduce 
smooth muscle spasm. Possibly both mechanisms 
are interrelated; tliat is, hydrochloric acid on an 
inflamed surface leads to direct stimulation of 
nerve fibers as well as heightened intragastric pres- 
sure. 

Ulcer of the Pyloric Canal and Postbulbar Ulcer. 
\'nnants of the usual clinical picture may be due 
to location of the ulcer in the pyloric canal or post- 
bulbar segment (Fig. 272-2). Although patients 
with the lesion In the pyloric canal often have the 
same complaints as those with duodenal ulcer, the 
history may be atypical in 20 to 50 per cent of 
these individuals. Prominent complaints, not usu- 
ally encountered with uncomplicated duodenal 
ulcer, include nausea, vomiting, and other ^rmp- 
toms related to gastric retention. Delay in gastric 
emptying stems from the spasm and edema of the 
pyloric canal In which the crater is situated. Be- 
cause of these symptoms, the patient’s appetite 
may decline and he may lose a considerable 
amount of weight. In the patient with postbulbar 
ulcer, pain may be felt lower in the epigastrium, be 
more severe and less responsive to food, milk, and 
.alkali than in a typical duodenal ulcer. Also, ulcer 
m this location bleeds more readily. Jaundice due 
to obstruction of the ampulla by edema and spasm 
IS a rare complication. 

Duodenal Ulcer of Childhood. The clinical pic- 
ture of duodenal ulcer in ebUdren differs greatly 
from its counterpart in the adult. In the former 
group, the location and character of the pain may 
not be so precise, the child often complaining of 
diiTusc, poorly localized upper abdominal distress, 
^^^lhout the rhylhmicily of the adult form and often 
made icorse rather than better by eating. Thus, 
attention may be drawn Initially by tlie child's 
refusal to eat for fear of discomfort. Bleeding com- 
monly is the presenting complaint. A significant 
difference between the juvenile and adult forms of 
the disease is the greater resistance of the child's 
sj-mptoms to classical therapy, which may be par- 
tially due to the diffiaiUy in instituting a dietary 
regimen; nevertheless, evciy effort should be made 



Fic. 272-2. Postbulbar peptic ulcer in second part of 
duodenum. 


to maintain young patients on a medical regimen 
(see below). The indications for surgical inter- 
vention in thb age group are the same as for adults, 
and, on the whole, results of subtotal gastric resec- 
tion are good. Howe\ cr, the hazard or resection is 
somewhat greater in juveniles, since impaired nu- 
trition, which occasionally follow-s such procedures, 
may have a very serious effect upon growth and 
development. 

Diagnosis 

Physical examination in uncomplicated diio(lcn.il 
ulcer is quite unreveahng, with occasional patients 
exhibiting variable tenderness in a localized area 
in tlie epigastrium. Diagnosis may often be made 
from the history of the patient; however, con- 
firmation must rest upon radiographic demonstm- 
tion of the disease. This c.xamin.ttion is carried out 
in most instances using a barium sulf.ile-w.nlcr 
mixture after on overnight fast. Tlie key to the 
diagnosis is the proper use of compression spot 
films of the duodenal bulb; one cannot accept in- 
ability to demonstrate a filled duodenal bulb with 
a normal contour or rapid cmpt)‘mg of the bulb as 
evidence for duodenal ulceration. Convcrsclv, a 
filled bulb cannot bo considered normal unless it 
has no crater on compression (Fig. 272-3). Even 
in patients with long-standing disease, a crater m.i)' 
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Fig. 272-6. The importance of compression o\cr tlie duodenal bulb In demonstration of an ulcer crater. A. Rou- 
tine film, B, “spot" film nmiIi compression. 


be demonstrated despite the distortion of the bulb 
by scars of previous ulcerations (clover-lcaf de- 
formity) (Fig. 272-4). Occ.isionally, however, the 
distortion of the bulb obscures the crater; in such 
instances the history of symptoms of an ocUve ulcer 
may be considered dia^ostic. Another radiologic 
feature of duodenal ulcer may be an abnormal 
amount of fluid (gastric juice) in the stomach at 
the outset of the examination, attributable either to 
hypersecretion or to partial obstruction, provided 
the patient has fasted overnight. 

Occasionally, the measurement of gastric acid in 
a single random fasting specimen, cr fn a 1- to 
4-hr or overnight collection, may be helpful in 
supporting a diagnosis o! duodenal ulcer in doubt- 
ful cases. Tlie average volume and amount of add 
secreted by normal indidduals is roughly 500 ml 
and 15 mEq, respectively, over a 12-hr period. In 
tlie patients with duodenal ulcer, the average value 
for acid secretion is about twice normal. Only about 
50 per cent of duodenal ulcer patients, however, 
secrete more acid than the upper limit of normal. 

Response to therapy (see below) may also help 
substantially in the diagnosb of duodenal ulcer. 
Any indisidual who gives a history compatible with 
this disorder and who is relio’ed of the symptoms 
in a period of n day or two after institution of 
therapy for peptic ulcer should be suspected of 
having this disease. In addition, in some instances 
of duodenal ulcer disease with gastric retention, 
intubation of the stomach, with a Levine or Rehfus 
tube each night or several times dally, with empty* 
ing of the gastric contents, may provide dramatic 


relief from symptoms. At the same time, this pro- 
vides valuable information about the secretory 
state as well as the degree of gastric obstruction 

Differenthi Diagnosis 

The differential diagnosis of duodenal ulcer mvy 
be difficult. A great many common disorders arc 
characterized by pain in the epigastrium v'hieli 
may be compatible with, albeit not eliaracteristie 
of, duodenal ulcer. However, it must be empha- 
sized that, wnth rare exceptions, the distress of such 
disorders is not relieved by the ingestion of food, 
milk, or alkali, nor are these disorders apt W become 
symptomatic when tlie stomach is empty. The com- 
monest conditions which may be confused witlv 
duodena] vilcer disease are referred to as “functional 
dyspepsia," or “nervous stomach," and chronic gas- 
tritis. In these disorders, the patient complains of 
burning epigastric distress, often of a dull, "heavy 
quali^ which is almost always noted immediately 
after meals. The symptoms which often make the 
physician think of duodenal ulcer disease are: 
licartbum, “sourness," belching, and "gas " ^^’lulc 
occasionally pab'ents with duodenal ulcer disease 
complain of heartburn (particularly those who also 
have on associated reflux of acid gastric juice into 
the lower esophagus due to hiatus hernia or in- 
competency of the gastroesophageal sphincter), the 
other symptoms are relatively rare in duodenal 
ulcer. These patients are apt to indicate the site 
of reference with the entire palm of the hand, 
movuig it back and forth and up and down over 
the entire epigastric area in contrast to the rather 
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tiiciimscribed area delineated in duodenal ulcer. 
Moreover, this distress is most often brought on by 
eating Often the patients with these disorders will 
indicate that they feel best “on an empty stomach.” 
The association of stress with the onset or reap- 
pearance of symptoms in functional dyspepsia and 
gastritis is often as striking as in duodenal disease. 
Most of these patients also note improvement 
coinciding with relief of tension. 

The history of a patient with a benign gastric 
ulcer may be identical with that of one with 
duodenal ulcer. Frequently, however, patients with 
gastric ulcer are apt to have distress following 
meals and may not have as dramatic relief with 
food (see Chap. 273, Benign Gastric Ulcer). Up- 
per gastrointestinal x-iay examination is, of course, 
necessary for differential diagnosis. 

The distress of gallbladder colic differs from that 
of duodenal ulcer. The former is usually steady 
and is localized in the midepigastrium or in the 
right upper quadrant; at times it radiates to the lip 
of the right scapula; it comes on after ingestion of 
food, particulany a heavy meal, is accompanied 
by nausea and vomiting, and lasts for hours. Oc- 
casionally, the patient has chills or fever and may 
note dark urine, pruritus, or jaundice if the com- 
mon duct is obstructed. Such an individual has no 
desiie to eat and almost certainly will obtain no 
relief from so doing. The pain of acute choJcajstitis 
or common duct obstruction may be simOar to that 
of posterior penetration of a duodenal ulcer, par- 
ticularly when the latter involves the pancreas. 
The pain will be intense, located in the deep 
epigastrium, often with radiation into the back. 

Acute Pancreatitis. When duodenal ulcer is ad- 
vanced sufficiently to penetrate into the pancicas, 
the clinical pictures m.ry be identical. Usually the 
s)Tnptomalology of the two disorders differs. Pain 
of pancreatitis typically is deeper, more constant, 
and lasts for many hours to days, often with radia- 
tion into the back. Some degree of relief is ob- 
tained by bending forward or by compression on 
the abdomen and not by the ingestion of food. 
Perhaps most important, the onset of pancreatitis 
IS rather dramatic and is often associated with the 
ingestion of excessive amounts of nicoliol and/or 
food (see below). 

Treatment 

Peptic ulceration occurs via the action of an 
acid-peptic juice on susceptible mucosa. Because the 
factors determining mucosal susceptibility arc still 
poorly understood, treatment is chiefly direded 
tovvard reduction of the volume, acidity, and pepsin 
content of gastric juice. Therapy is further com- 
plicated by the fact that in duodenal ulcer the 
stomach tends to empty more rapidly than nor- 
mally, thus shortening the effect of the neutralizing 



Fic. 272-4. Large duodenal ulcer crater in a 52-year-old 
woman, demonstrating radiating folds, duodenal de- 
formity', and psGudodiverticulum formation. The crater 
healed lo approximately 3 weeks 

power of ingested food and milk. The therapeutic 
armamentarium includes diet, a number of antacids, 
and antichohnergic, tiantjudizing, and sedatWo 
drugs. To use these to the best effect, singly or in 
combinations, it is necessary' to know in what 
manner and to what degree a particular agent 
modiRcs the composition of gastric juice, aS "cll 
as the cost in side effects, money', and inconvenience 
to the patient. 

\VhiIe effective acid neutralization which dimin- 
ishes peptic activity is possible, there is little at 
band to increase the resistance of the tissues to 
ulceration. It is known, however, that healing is 
more likclj' to occur at a satisfactory rate if defects 
in protein intake are corrected and if certain drugs 
such as adrenal corticosteroids, salicylates, etc-, arc 
forbidden. Physical and mental rest arc also im- 
portant adjuncts to therapy. 

Diet. The diet features soft, wcll-cooked, non- 
fibrous, nonfried foods with liberal amounts of 
dairy products. Tlie rationale for such a regimen 
rests upon its increased neutralizing power and the 
empiriral obscrwition that the patient’s symptoms 
respond more quickly than when norm.il fare is 
offered. However, the In'Oeficial effect of food 
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may be due more to frequency than to content of 
feedings. Although coarse vegetables, condiments, 
fried food, and pork products do not stimulate 
gastric secretion excessively, nevertheless, a great 
many patients with ulcer will complain of distress 
after eating these foods as \s ell as after hot or cold 
liquids. Possibly this effect is related to mechanical, 
thermal, or chemical irritation of the gastroduodenal 
mucosa. Feedings should be frequent. Substances 
such as alcohol, coffee, and beef e.xtracts, which 
are kmown to cause not only irritation but marked 
stimulation of acid production, must be completely 
eliminated. Because of its effect upon secretion, 
smoking should be prohibited. 

Tlie patient uilh an actnc ulcer should be fed 
frerpiently from the very onset of treatment. During 
the mitial few days, diet should include hourly 
milk feedings during the day and every 2 hr 
throughout the night, ns well as scmisolids such 
as pxiddmgs, cteamed soups, soft-boiled eggs, etc., 
sue times daily. In most cases, broiled and boiled 
meal, cooked or canned vegetables, and frtiil juke 
may be added. The milk feeding between meals and 
at bedtime may be given with cheese and crackers 
^^’hcn the patient has been asymptomatic for a 
few days or so, he may omit hourly milk feedings, 
but should be maintained on three regular meals 
and three small, between-meal feedings of milk 
with crackers or small sandwiches If weight gain 
is a problem, or if the patient is obese, or if some 
predisposition to or evidence of coronary artery 
disease is rccogni 2 cd, skimmed milk may be used 
and tbo amount of starch in the diet reduced 

After there is radiologic evidence of healing, 
usually in several months or less, the diet may be 
!ibcrali 2 ed to include raw fruit and vegetables, cof- 
fee with milk once » day, fried foods, and even 
small amounts of alcohol before dinner. Tlie diet 
should be outlined carefully since cooperation is 
more likely wlien patients understand the principles 
of therapy. 

Antacids. Antacids reduce peptic digestion of 
gastric and intestinal mucosa by elevating the pH 
of the gastric juice. For tliis purpose, pH levels 
above 3.5 are desirable, since pepsin shows a 
maximal activity nt pH I to 2. To accomplish this 
.Tim requires frequent .md adequate antacid dosage 
over periods of weeks or months. The sporadic nsc 
of antacids c.innot maintain any significant pH 
elevation and is, therefore, of little therapeutic 
value. 

Calcium carbonate is probably the most effective 
antacid, and it has no sIgniEcant effect on acid- 
b.\se balance. Laxatives may be required to covmler- 
att the constipation often associated with Its use. 
With an hourly dose of 2 to 4 Cm, it diould be 
possible to maintain a pH in the vicinity of 4 0. 
well williin desired ihcmpculic limits Aluminum 


DISEASES OF ORGAN SYSTEMS 
hijdfoxidc also tends to cause constipation and lus 
IJO beneficial effects not cxliibited by the use of 
calcium c.irbonate. Of occasional clinical importaao; 
is the diminished absorption of the tetracvcluip 
drugs which are bound by the aluminum Ion. It is 
possible to achieve a pH above 2 to 3 only with a 
30 ml per hr dose, alternating on the half hour 
with 120 ml milk. Tins program is usually adequate 
for ulcer healing, even though it docs not effect an 
optimal neutralization of free hydrochloric acid. 

Sodiunx hicarhonatc is both wpidly acting and 
highly effectiv’c as an antacid. It has, however, 
serious limitations because of Its ability to produce 
a marked systemic alkalosis. The alkalosis rmy be 
clinically significant and produce a variety of signs 
and sjmptoms including anorexia, nausea, vomiting, 
headache, muscle aches, and tetany. By decreasing 
the solubility of calcium phosphate, it may lead to 
the formation of renal calculi and thus serioudv 
affect renal function The consequence of ingestion 
of large .imounts of both milk and alkali may be a 
mark^ rise m blood calcium, and the hypercal- 
cemia may lead to nephrocalclnosis ond impairment 
of renal function. This "milk-alkali” syndrome (p 
COT) may be tie.itecl effectively by discontinuance 
of the milk and absorbable alkali. Because of its 
sptemic oclion and the availability of other agents, 
sodium bicarbonate has bttle place in the treatment 
of peptic ulcer. 

Anlisecrctory Compounds. These parasvmpa- 
thetic blocking agents decrease gastric ond intesti- 
nal motility and tho volume, pepsin content, and 
acidity of the g.vstric Juice. Their effectiveness is 
frequently limited by the associated side effects, 
blurring of vision, dry mouth, tach)’cardia, and 
in the presence of prostatic hypertrophy, urinan' 
obstruction. In susceptible patients, an attack of 
acute glaucoma may be precipitated. 

It is difficult to obtain clinical evidence sufficient 
to justify the selection of one anticholinergic dnig, 
natural or symthctic, ov er another. As a general rvJc. 
It may be said of all anticholinergic drugs that tlic 
dosage that produces a'satisfactory depression in 
acid secretion also causes one or more of the side 
effects mentioned above 

Although anticholinergics in effective dos.Tgo at 
bedtime suppress the b.TSal (nocturnal) acid scer^ 
tion. these drugs do not significantly affect ac'‘‘ 
secretion in response to feeding or h)'poglycemiT 
During the day, therefore, when given before meab. 
anticholinergics in themselves are of little use m 
raising the pH to therapeutic levels They m.i'. 
Iiovvcvcr, dcl.»y gastric empt)lng and prolong 
action of simultaneously administered antacids ami. 
tiiercfore, are recommended. Tlie decrease io g-rS‘ 
trointcstmal motility and spasm may be a factor 
in relieving tlic pain of peptic ulceration, nltbougli 
the mechanisms remain unclear. The exact role of 
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anticholinergic drugs in the tlierapy of peptic ulcer 
is still uncertain; comparable results have been 
obtained in controlled series with placebos. To date 
there is no evidence that their long-term adminis- 
tration alters recurrence rate, incidence of compli- 
cations, or the eventual need for surgery. 

The action of sedatives, tranquilizers, and anti- 
histamines upon gastric secretion is also important. 
Often the agitated and hypcrinitable peptic ulcer 
patient \vil] benefit from mild sedation in clinicaUy 
applicable dosage. However, there are no ade- 
quately controlled studies which show that tran- 
quilizing drugs promote more rapid healing or 
prevent complications or recurrences. Reserpine 
in usual oral dosage (approximately 1 mg per 
day) has no significant effect on the volume and 
acidity of gastric juice. With 2 0 to 3.0 mg orally, 
or 1 to 2.5 mg intramusciJarly, however, marked 
increase in hath of these parameters may result- 
Other tranquilizers such as the phenofhfasmes 
have not been shown to have any effect on gastric 
secretion other than some diminution in total 
volume. 

Antihistamines have been disappointing, and 
most studies have sho^vn no significant effect on 
gastric secretion in man. 

Attention to Psychologic Factors. Despite lack of 
precise psychiatric information about the personality 
structure and reaction patterns of the patient ^vith 
duodenal ulcer, the physician must pay attention 
to these factors. Unquestionably, onset and exacer- 
bation of this disease can often be temporally re- 
lated to emotional upheavals. While In most in- 
stances the physician cannot hope to alter the life 
situation of his patient appreciably, he can, by 
close inquiry and attention, seek personality and 
environment factors which may contribute to anx- 
iety and hostihty. Often he is able to give the 
patient some insight into the nature of his disturb- 
ance and, at all times, to afford him sympathy and 
understanding. Knowledge of the important factors 
of personality and environment will enable the 
physician to guide his medical therapy more intel- 
ligently with particular reference to prophylaxis, 
i.e., to institute a more stringent regimen at times 
when the patient will be under greater emotional 
strain. Caution must be observed in handling emo- 
tional problems, particularly in such matters as 
encouraging the patient to make dramatic changes 
in his home or occup-ational life and in probing 
deeply into the personal problems which are un- 
coi’crcd. If the need for psychiatric help is appar- 
ent, or if the patient c.xpresses a desire for such 
therapy, appropriate arrangements should then be 
made. 

Use of X-ray Therapy. X-ray therapy of the 
stomach has been successfully employed in the 
treatment of duodenal ulcer uhen response to 
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medical therapy has been poor. This form of 
treatment is especially applicable to inditiduals 
for whom immediate surgical inter\‘ention is not 
mandatory or to those who are deemed fair to 
poor risks for surgical intervention. The goal of 
radiation therapy is temporary destruction of the 
parietal cells, thus rendering the patient anacidic 
for periods ranging up to a year. Usually 2,000 
to 2,400 roentgen units, total depth dose through 
anterior and posterior ports, is administered over a 
course of 15 treatments. It has been found that 
the ulcers wdl heal in almost all patients in whom 
x-ray treatment reduces acid secreb'on by 50 per 
cent. Among those whose acid secretion returns in 
less than a year, the recurrence rate is nevertheless 
reduced to one-sixth of that in the preiadiation 
period. Hemorrhage and perforation are also re- 
duced by 75 and 50 per cent, respecti\’ely. How- 
ever, secretory levels usually return to normal after 
a year, and this makes it questionable whether the 
long-term beneficial results which have been re- 
ported are due to x-ray treatment or to close 
medical supervision. 

COMPUCATIONS OF DUODENAL ULCER 

The complications of peptic ulcer disease are 
four in number and broadly constitute the basis 
for surgical management of this disease. They arc: 
intractability, bleeding, obstruction, and perfora- 
tion or penetration. 

IntractohilUy 

The most frequent complication of this disease 
is inlractabiUty. It is characterized by lengthy 
and frequently recurring periods of moderate to 
severe actixdly which render the patient either 
partially or completely incapacitated. One must 
be sore of two points before operation is recom- 
mended: (1) that the patient indeed has an active 
ulcer, since some ulcer patients may continuously 
complain of symptoms, obtain little or no relief 
from medical therapy, and yet %vil] not have an 
ulcer crater demonstrable on x-ray examination. 
In this circumstance the physician must exercise 
the greatest amount of caution in recommending 
surgical interx'ention, since this group of patients 
contributes the greatest number of individuals 
with complaints following gastrectomy. (2) One 
must be sure tliat the patient has had a fair trial 
of good medical care, preferably in tile hospital, 
directed by an interested, informed physician. In 
the initial phase of treatment of an active ulcer, 
feedings of milk and antacid should be alternated 
half hourly during the d.ay, and milk (4 to G oz) is 
given every 2 hr at night. In addition to this 
“around the clock” program, the patient is sedated 
with phenobarbital and given an antisccretory com- 
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pound as already outlined. If tlie patient tlexrs not 
respond to this program in 5 to 7 clay’s, surgeiy 
should be carried out. 

Bleeding and Massive J/emorrlicgc 

From 15 to 20 per cent of ulcer patients haw 
bleeding as an initial symptom of their disease, 
and of these, a significant percentage wH have tliis 
complication as the only evidence of activity 
throughout the course of their disease. It is most 
often manifested by the passage of black or tarry' 
stools and on occasion, if the bleeding is very 
severe, by dark red blood per rectum. Less fre- 
quently, the patient will Iiave hematemesis, but 
this is more diaracteristic of bleeding from the 
stomach or esophagus. 

Since duodenal ulcer is responsible for at least 
60 per cent of upper gastrointestinal bleeding, 
extra consideration will be given to tlie problem 
of massive upper gastrointestinal bleeding. Factors 
contributing to massive hemorrhage include al- 
coholism, undue physical or emotional stress, hy- 
pertension and arteriosclerosis, excessive salicylate 
ingestion, infection, fatigue, dietaty indiscretion, 
and prolonged use of the adrenal corticosteroids 
or phenylbutazone (see below). 

In cases of fatal hemorrhage, a branch of the 
pancreaticoduodenal, gastroduodenal, or gastric 
coronary ortciy has usually been involved, in vvhicli 
instance the vessel is often markedly arteriosclerotic 
and rigid. 

Clinical Picture. The signs and symptoms depend 
upon the degree of blood loss, the rate of bleeding, 
and the suddenness of onset. Hematemesis is com- 
monly observed in bleeding from gastnc ulcer, eso- 
hageal varices, and duodenal ulcer, although 
Iccding from the latter is much more likely to 
appear as melena (see Chap 18). 

Symptoms following massiv’e bleeding usually 
include faintness, weakness, dizziness, headache, 
perspiration, thirst, syncope, pallor, and shock (see 
p 100, Chap. 13) A persistently low blood pres- 
sure and a weak, rapid pulse signify' a dangerous 
degree of hemorrhage. 

On physical examination, signs should be sought 
which would indicate less common causes of bleed- 
ing These include telengicclasia of lips, tongue, and 
buccal mucosa (Webcr-Rendu-Osler disease); pig- 
mented spots of the same structures associated 
with polyposis of the gastrointestinal tract (Puetz- 
Jeghers syndrome); petechiae, purpura and/or 
splenomegaly vvnlhout liver disease, findings wbicb 
suggest a bleeding diathesis Und a blood dyscrasia 
Liver disease and possibly esophageal varices are 
indicated by hepatomegaly, splenomegaly, jaun- 
dice, and spider angiomas. 

The initial hematocrit value may be normal or 
elevated in spite of considerable blood loss, since 
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plasm.i and red blood cells arc lost simiiltanc-oiwly. 
The magnitude of the hemorrhage may not become 
evident for at least 12 hr, depending upon the state 
of hydration and the rapidity with which the total 
blood volume is testored by hemotlilulitm (sw 
Chap. IS). 

Diagnosis. When tlie diagnosis is uncertain or the 
source of bleeding has not been established, se^’cm] 
procedures should be employed. Among these, gas- 
tric intubation, the fluorescein siring test, fIi.TiUe 
esopbagoscopy, and early upper gastrointestinal 
scries have been useful. Initially, a small-bore soft 
polyethylene nasogastric lube should be introduced 
into the stomach. If no blood or guaiac positive 
material can be aspirated, hleediug has eilhcr 
ceased or originates dislal to the pijlorus In this 
instance, a string, to the end of which is attached 
a mercury bag containing a radiopaque monofila- 
ment and with similar markers spaced transversely 
at 1-in. intervals, maybe p-nssed through the mouth 
Into the upper small bowel. A fl.il film of the abdo- 
men is then obtained to identify the position of the 
siring with reference to the esophagogastric junc- 
tion, body of the stomach, duodenum, etc. Then 
20 ml of sodium lluorescite Is injected intra\•^ 
nously, and 4 min later the string is withdrawn 
and examined under ultraviolet light. The site of 
active bleeding will fluoresce, and its measured 
distance from the mercury bag will allow Identifica- 
tion of the site on the flat film. Should bleeding 
have ceased, a site may be discovered by the 
presence of lilood or guaiac posiliv’e material on a 
localized segment of the string. Esophageal varices 
are not a contraindication to either intubation or 
passage of the siring (Fig. 272-5). 

Following the "string test" an upper gastroin- 
testinal series should be obtained, provided that 
the patient is not in shock or bleeding massively. 
Information obtained beforehand from both intuba- 
tion and the string test may be of great value to 
the radiologist. If blood is aspirated from the 
stomach, indicated diagnostic maneuvers are 
He esophagoscopy and gastroscopy, before barium 
studies. The former may verify the presence ^ 
bleeding varices and may be carried out by a sbIIvu 
operator before other procedures in cases strongly 
suspected of having portal hypertension 
insertion of the instrument, the stomach should W 
lavaged with cold saline in order to clear the fid 
and perhaps reduce the bleeding. Gastroscopy 
most useful when the diagnosis of bleeding from 
erosions of acute gastritis or from gastric ulcer » 
su^weted. If endoscopy fails to reveal the souf^ 
of bleeding, and, if the patient's condition is stable, 
upper gastrointestinal series should be done. 

Of major importance is the differential dia^osis 
of bleeding esophageal varices. In the rnajority o 
instances the physician will be able quickly W 
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Fio. 272-5. A 77-year-ol(l white man with gastrointestinal hemorrhage. Upper gastrointestinal series failed to reveal 
aa ulcer crater. Fluorescein string test localized bleeding site to the €rst part of the duodenum. At operation a 
deep perforating ulcer in the first part of the duodenum u'as found. (Courtesy, Dr. Fred Ftttman.) 


ascertain that the patient has liver disease (history 
of poor nutrition and alcoholism, or of postnecrotic 
cirrhosis with enlarged or shrunken liver, spider 
angiomas, jaundice, etc.) and portal hypertension 
(splenomegaly, abdominal venous pattern). Bleed- 
ing may, nevertheless, still be due to ulcer or 
erosion which occurs in 10 to 15 per cent of cir- 
rhotics Accordingly, balloon tamponade is best 
employed when bleeding from varices is established 
by flexible esophagoscopy. In many instances, how- 
ever, the patient’s condition or unavaflabiii^' of a 
skilled operator does not favor use of the procedure. 
A trial of compression is indicated if the diagnosis 
of varices had been previously estabb'sbed in an 
individual who is vomiting blood or if bleeding is 
massive in a patient with evidence of cirrhosis. 
When it is employed, the stomach should be as- 
pirated continuously. If blood is returned after 
sc%eral hours of tamponade, bleeding may be pre- 
sumed to arise from a cause otlier than esophageal 
\arices, and the apparatus is removed. The meas- 
urement of elevated portal pressure by percutane- 
ous splenic puncture supports the decision to under- 
take a trial of tamponade if esophagoscopy has 
not been done or is inconclusive (Chap. IS). 
Tliis procedure should be undertaken onfy hy a 


person thoroughly familiar with the technique. 
Under these circumstances, measurement of the 
splenic pulp pressure and injection of radiopaque 
dyes to obtain splenoportograms may provide in- 
formation that is decisive in the differentiation of 
bleeding from peptic ulcer or esophageal varices. 

Principles of Management of hlassive Hemor- 
rhage from Duodenal Ulcer. Treatment of massive 
bleeding from peptic ulcer includes blood replace- 
ment, treatment of shock, acid neutralization, main- 
tenance of nutrition, and reduction of the motor 
and secretory activity of the stomach. The keystone 
of therapy, however, is close surveillance of the 
patient. Since the pulse rate and blood pressure re- 
flect the rale and severity of the bleeding, they 
should be determined at 30- to 60-min intervals 
until bleeding has ceased. To ensure a route for 
possible transfusion of blood, a No. 18 needle should 
be inserted immediately into a suitable vein and 
an infusion of glucose and water begun. If the 
patient is in shock, the foot of the bed should be 
elevated. Dlood transfusions are given until tlic 
pulse tale stabilizes at 100 or less, or the blood 
pressure at 00 to 100 mm Hg, or the hematocrit 
is maintained at approximately 33 per cent. If 
tficre is extreme restlessness of pain, meperidine. 
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75 to 100 mg may be gi\-en. Ordinarily, parenteral 
sodium phenobarbital, 32 0 to 96 0 mg gn*cn c\cry 
4 to 6 hr as needed, is sufficient to allay anxiefy. 
Urinary output should be carefully obseix^, since 
oliguria or anuria may result from prolonged hj-po- 
tension Continuous la\3gc of the stomach with 
cold saline solution may help to slow the bleeding. 

Since it is technically difficult to perform re- 
peated blood volume determinations during the 
course of therapy^ the tot.il volume of transfusion 
lias to be estimated Assessment of the blood loss 
is difficult in view of variability in rate of hemodi- 
lution. In general, the patient whose pulse is 100 
or over, or whose blood pressure is 100 or less, ami 
who has other evidences of shock has lost at least 
1,300 ml of blood; one who has vomited a large 
amount of coffee-ground material has sustained a 
loss of at least 1,000 ml (see Chap. 13, Circula- 
tory Failure). 

In any event, if pulse and blood pressure do not 
return toward normal and stabibzc, or if hematocril 
determinations performed at 4- to 6-hr infcrv.als 
show no rise or the rise is not maintained after 
transfusion, it may be concluded that bleeding 
continues. If this situation obtains after 24 hr of 
replacement therapy, or if the bleeding has pro- 
ceeded so briskly within this period of time that 
6 units or more of blood (2,500 ml) is required, 
surgic.ll mteiTention should be carried out forth- 
with. 

This approach has reduced the mortality from 
bleeding, particularly in tiie group of patients over 
age fift>' The need for rapid blood replacement 
in the older age group is more urgent since ischemia 
of the heart, brain, or kidneys may result in fatal 
myocardial infarction, cerebral vascular accident, 
or renal failure Special care must be taken with 
patients viho have heart disease Packed red cells 
may be gii’cn slowly to such individuals, if shock 
is not present \Mien whole blood must be ad- 
ministered, the rate must be adjusted constantly. 
In this regard, frequent cliecks of venous pressure 
should be made via a manometer attached to the 
transfusion system by a three-way stopcock, 

Wien vital signs have stabilized, whole miDc in 
amounts varying from 90 to 120 cc is administered 
hourly from 7 a.m. to 10 r.at. and 120 cc at 2-hr 
intervals throughout the night. An initial period of 
continuous gastric aspiration may be necessary' for 
24 to 48 hr, if the patient is persistently nauseated 
and vomiting, during which parentcr.il fluids are 
given. Small feedings of warm skimmed milk are 
then offered, and these are gradually increased as 
tolerated. 

Tlie hourly regimen is maintained for approxi- 
mately 2Ho 4S hr after active bleeding has ce.ised. 
Tlicn the usual routine ulcer management is in- 
stituted, consisting of six feedings of a diet from 
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which fried food, spices, coffee, fresh fruits and 
Vegetables are omitted. Antacids are continued 
hourly between feedings. At tJiis time, antisecrelory 
drugs such as the quaternary amines (methanltial- 
ine, propanthaline, etc.) or atropine may be givea 
to reduce gastric H-f, particularly noclumll). 
Tlius, 13 to 30 mg propanthaline may be ghen 
before meals and at bedtime. In this regard, use 
of these drugs is unwise while the patient is ac- 
tively bleeding, since dosages required to suppress 
secretion would ofTeet pulse rate, possibly interfere 
with bladder function, and promote ileus. Since 
neutralization of acid bj’ frequent feedings ap- 
pears to be .idequate, added benefit from anti- 
cholinergic drugs at this stage does not justify their 
attendant risks. 

Sedation is a most important part of therapy 
Often the patient is anxious, worried, and restless 
It is essential that these symptoms be alJeiiited 
and that he be maintained in a c.i!m to drouiy 
slate The effect of anxiety upon gastric secretion 
and emptying can be dctriment.il. PhenobarhitsI 
by mouth, 32.0 to 06 0 mg, every 4 to 6 hr "all 
suffice in most instances. 

A word of caution about the use of morphine is 
in order. WTule it may be of great benefit In allay- 
ing an-xiely, its use generally in therapy of g-islro- 
intestinal tract bleeding is to be condemned, since 
the drug may seriously depress respiration and 
blood pressure. Further, it is spasmogenic for 
smooth muscle of the gut and often causes niusea 
and vomiting. B.irbituiatcs in adequate doses I'lU 
effect satisfactory sedation without these unde- 
sirable reactions 

Emergency Surgery. Every effort is made to 
terminate the bleeding by conserv’alive means, jxt 
avoid delay of emergency surgery in those who 
will not respond to medical management. lYhile 
the mortality rate with conservative treatment (2 to 
5 per cent) is lower than that for surgery p«' 
formed during active bleeding (8 to 15 per cent), 
the latter figures, however, arc derived from a 
group of severe bleeders for whom medical therapy 
liad already been ineffectual. Further, the mortality’ 
for those individuals over age fifty w’ho continue 
to bleed after 24 hr of medical therapy exceeds 
15 per cent. 

The ulcer should be removed surgically, if p^*’ 
sible. If this is not feasible, the ulcer bed c.m he 
transfixed with sutures or the branches of the 
gastroduodenal artery leading to the ulcer ligated 
Subtotal gastric resection is then performed 

Elective Surgery. Electh'e surgery is tccom- 
mended when the patient has suffered one severe 
or two mild hemorrhages while on satisfactoO 
tnedicjl management and is strongly indicated 
when such an individual fails to follow a medical 
ulcer regimen. Tlie procedures of clioice are then 
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a standard To per cent sxibtotal gastric resection, 
liemigastrcctomy (50 per cent) with vagotomy, or 
gastroenterostomy with vagotomy. 

Obstruction 

Spasm, edema, or cicatrix of a peptic ulcer of 
llic antrum, pylorus, or {luoclcnum may obstruct 
the stomach. Often a combination of tlicsc factors 
IS responsible. 

The sjTnptoms of gastric obstruction include 
progressive fullness after meals, voluntary restric- 
tion of food, nausea, and c\cntually, \omillng of 
partiv undigested food. At first vomiting occurs 
sporadically, perhaps once in 24 to 3G hr and, 
charactcristfc.ally, after the evening mc.a1. As the 
degree of obstruction increases, vomiting becomes 
more frcqvient, despite considerable dilation of 
the stomach. Distress is almost .always relieved by 
emesis. Occasionally, the patient h.is lyTiical ulcer 
pain which is not relieved cfTeclivcly by food. It 
must be remembered, however, that prolonged 
and severe vomiting may occur without organic 
obstruction. 

Dinsnosis. Tlie dbagnosis is best established by 
gastric aspiration and roentgenologic c.x.iminalion. 
Initial aspiration w ill reveal the degree of obstruc- 
tion Not •uncommonly, 4 to 5 liters of undigested 
food may be obtained; liowcvcr, the volume of 
aspirate may be small despite complete obstruction 
if the patient has been constantly vomiting. To 
ascertain the degree of ohstaiction in such a situa- 
tion, the patient should be put on milk feedings, 
90 cc evciy hour from 8 a.m. to 0 p.vr., and aspira- 
tions may be carried out at 8 am. .and at 10 p,m. 
Normally, 100 cc or less of gastric juice Is present. 
If the amount exceeds this, then the difference 
represents tlie degree of obstruction. Quantities 
over 500 cc usually signify cicatrici.il obstmetion. 
If the nightly retention of gastric juice gradrully 
falls to normal after 3 to 4 days of medical manage- 
ment, spasm or edema is likely. In the presence of 
cicatricial stenosis, high levels of gastric retention 
persist. An exception to this formulation is the 
patient with cicatricial narrowing whose obstruc- 
tion subsides under therapy. Failure of motility 
of the antrum, the so-called "antral pump," in the 
face of organic obstruction is believed to be the 
cause. 

Delay in gastric emptying may be demonstrated 
on ph)sical evamination by a succession spLish or 
by large gastric peristaltic waves moving from the 
left nb margin toward the right midabdomcn. 
Physical evidences of dehydration include poor 
skin turgor, dry mucous membranes, and sunken 
eyes. 

The roentgenologic examination gives the most 
accurate evidence of obstruction and should be 
made soon after initial decompression of the stom- 
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ach. Hie site, nature, and extent of the obstructive 
lesion may be determined and the degree of re- 
tention and stenosis evaluated. Cicatricial stenosis 
(lumen 3 mm or less) of the duodenal bulb or 
pyloric canal can be seen on spot films of these 
segments and is frequently, but not always, ac- 
companied by dilation of the stomach and hyper- 
peristalsis. Other evidences of marked obstruction, 
in all probability cicatricial, include oliguria with 
urine of high specific gravity, dehydration, high 
hematocrit, and a metabolic alkalosis, occasionally 
aggravated by ingestion of alkali. 

Treatment. Patients with prolonged vomiting and 
dehydration must be given 3 liters or more of 
normal saline with added potassium, 40 mEq per 
liter, intrav'cnously, in the first 24 hr, in addition to 
a volume equal to total gastric aspirate and urinary 
output. If renal function is normal, alkalosis will 
thus be readily corrected, 

In those patients in whom the pyloroduodenal 
channel is patent on x-raj', and in whom the Stom- 
ach is only slightly or moderately dilated, hourly 
feedings of 120 cc milk may be started, 6 a.M. to 
0 r..Nt. The stomach is then aspirated at 10 p.m., 
the degree of obstruction ascertained as outlined 
and, if mild, this program may be continued. Ob- 
struction which is due to edema and/ot spasm, 
associated with pyloric canal or prepyloric ulcer, 
Will subside in 4 to 5 days, however, normal emp- 
tying may also be restored in a patient with cica- 
tricial narrowing which will be noted on subse- 
quent gastrointestinal series If retention of over 
150 cc is found after 5 to 7 days, surgery is indi- 
cated. 

Wlien the obstruction is marked on admission, 
decompression by continuous gastric aspiration up 
to T2 iw is advisable. Thcrealtcr, the tube may be 
clamped, and milk may be either fed or instilled 
through the tube at the rate of 100 cc hourly for 
7-hr periods. Following an additional hr during 
which the tube is clamped, suction is reinstituted 
(or y, hr. If the residual for each 7-hr period 
progrcssivxjly decreases ov’er 72 hr to 100 cc or 
jess, then the obstruction may be presumed to have 
been due principally to spasm or edema. If, how- 
ever, 150 cc or more is aspirated on eacli occasion, 
cicatricial stenosis is very likely the cause, and 
operation is indicated. In this instance, continuous 
aspiration is reinstituted for 48 hr and definitive 
surgery carried out. 

Each day the volume of the aspirate is replaced 
by intravenous administration of 5 per cent glucose 
and 0.9 per cent saline with 20 mEq K-t- per liter 
to which soluble vit.vmin B complex is added. In 
addition, 500 ml of 5 per cent glucose and water 
per 24 lir are given for insensible loss. Anti- 
cholinergic drugs must not be odminUtered, since 
they delay gastric emptying. Adequate sedation 
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must be ensured, as already outlined. Urinary 
output and blood urea nitrogen must be carefully 
cliecked, particularly in tliose patients with rend 
disease. Since obstructing ulcers also lend to bleed, 
stools and hematocrit must be carefully evaluated 
during treatment. 

Subtotal gastric resection is the procedure of 
choice for cicatricial obstruction, but it should not 
be performed until the stomach has been adequately 
decompressed and any acid-base derangement cor- 
rected. In some instances a posterior gastroen- 
terostomy is preferable, particularly in elderly 
patients who are not good surgical risks. This pro- 
cedure should, if possible, be combined with va- 
gotomy. 

rerjoratfon and renelraiion 

Perforation is the most dramatic complication 
of duodenal ulcer. It is most frequent in men under 
the age of fortj-fi\e and is rare in women. Typi- 
cally, the anterior wall is the site of itipture. Al- 
though in most instances there is an antecedent 
hlstorj' of duoilcnal ulcer, acute perforation occa- 
sionally is the initial manifestation of this disease 

Since rupture of the anterior wall of the duode- 
num is ottended by free release of intestinal con- 
tents into the peritoneal cavity, the patient com- 
plains of sudden, excruciating epig-sstric pam, rap- 
idly becomes weak to faint, perspires freely, is nau- 
seated, and often vomits. Because of irritation of 
the diaphragmatic pleura, pain aggravated by in- 
spiration may be felt over tlie area of the trapezius 
ridge. 

Physical cT-imination will reveal a pale or gray 
indiridual, exhibiting marked di.iphorcsis, a pro- 
nounced preference for remaining still in order to 
minimize peritoneal irritation, and a normal or 
clei'atcd pulse rate. Tlie blood pressure is usually 
normal or only slightly reduced. Examination of 
the .abtlomcn rei-eals marked rigidity, p.articularly 
in the upper quadrants, and palpation or movement 
causes the patient to complain of increased pain 
If gastric contents have drained into the lower 
.ibdomcn, tliere will be tenderness and some guard- 
ing in the right loM’cr quadrant or in the Bank. 

Scrcral hours later the patient may regain normal 
color, cease to perspire, and be more comfortable, 
although tenderness and spasm in the upper abdo- 
men persist. This change In the picture signifies 
only that homeostatic mechanisms have compen- 
s.itcd for the initial reaction to stress and in no xvay 
signifies iJiat the patient is rccorcring The peri- 
toneal irritation will doubtless progress to frank 
peritonitis attended by fever, tachycardia, and pro- 
gressive abdominal distention. 

Diagnosis is usually made by tlic cliaractcristic 
history, together witli the findings of a rigid or 
boardiiVe nlxlomrn with loss of normal liver dull- 


DISEASES OF ORGAN SYSTEMS 
ness to percussion. A flat film of the abdomen taken 
in a sitting position or lateral decubitus will show 
free air beneath the diaphragm or lateral abdomi- 
nal w-all, respectively (Fig. 272-6). 

Anterior perforation of a duodenal ulcer must 
be distinguished from se\eral common intraab- 
dominal inflammatoiy states, particularly acute pan- 
creatitis, acute appendicitis, acute cholecystitis or 
cholangitis associated with choledocholithiasis, 
acute intestinal obstruction, mesenteric arterial o^ 
elusion, myocardial infarction, ruptured ectopic 
pregnancy, dissecting aneurysm of the aorta, and 
inflammatory diseases of the di.iphragmatic pleura 
and lungs. 

Of these diagnoses, the one which most simulates 
perforation is acute pancreatitis. The prinripal 
points of differential diagnosis are: pancreatitis 
typically has a rather gradual onset, the pain often 
is felt predominantly in the back, is diminisbtd 
by abdominal compression or bending forward, arid 
lasts for many hours to a day or so. In severe hemor- 
rhagic pancreatitis, however, the onset may be as 
dramatic and the collapse as complete as in por- 
foralion. Indeed, shock is much more likely to oc- 
cur m the former condition- Abdominal examination 
reveals tenderness usually over the upper abdomen 
with some muscle rcsisf.ince, but nothing approxi- 
mating boardlike rigidity. Again, there is no ob- 
literation of liver dullness, and an upri^t film of 
the abdomen shows no free air. In acute pancreatitis 
the serum nmjlase will show elevation, usually o'er 
330 units and, if the patient is seen within a few 
hours of the onset of the attack, often in the range 
of 600 to 700 units, ki'hile a rise in amylase may 
attend anterior perforation, due to the escape of 
pancreatic juice into the peritone.'il cavity, it fre- 
quently is no higher than 200 to 300 units. Also, a 
significant rise in serum lipase and some elevation 
of scrum bilirubin and alkaline phosphatase often 
attend acute pancreatitis. 

With acute appendicitis, onset of symptoms is 
insidious, with localization of pain in the ri 2 ,Hf 
lower quadrant after a period of hours. On exami- 
nation there is both direct and rebound tenderness 
in the right lower quadrant as well as rectal ten- 
derness on the right. 

In hiUanj coltc the pain almost jnv.iriably is 
steady, but rarely may wax and wane, and the 
^isode is more frequently associated with nausea 
and vomiting Chills, fever, and jaundice arc com- 
mon If, however, the acutely fnilamed gall- 
bladder perforates, upper abdominal rigidity may 
be found associated with other evidences of peri- 
tonea] irritation which may later become general- 
ized. However, in this instance, a history of acute 
cholecystitis in the very recent past can be o'>' 
tamed. 

Tlip other conditions mentioned in the differcn- 
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tial diagnosis are usually clearly distinguished from 
acute anterior perforation of a duodenal ulcer by 
differences in characterisb'cs of pain, location of 
tenderness or rigidity, and in the case of myocardial 
infarction, by the abnormalities of the electroear- 
diogram. With diaphragmatic irritation due to 
basal pneumonia, the upper abdomen is not usually 
tender despite rigidity. Of course, confusion will 
not exist if the pab’ent also has significant cough, 
sputum, and fever. 

Itelation of Penetration and Perforation to In- 
tractability. In many instances of “intractability” 
the basis for the persistence of ses’ere pain which 
does not respond to usual medical measures is 
posterior penetration of the ulcer into a neighboring 
viscus, commonly the pancreas. Often the process 
culminates in a small perforab'on which is quickly 
walled off so that recovery ensues without surgical 
intervention. When there is penetration into the 
pancreas, considerable back pain and associated 
evidences of acute pancreatitis are present. 

Continued ulcer distress with localization of pain 
in the epigastrium and right upper quarbant asso- 
ciated with tenderness may be indicative of a small 
lateral duodenal perforation svhich has sealed. In 
such instances, tenderness, perhaps even with re- 
bound, can bo elicited because of the leakage of a 
small amount of fluid. Usually free air svitbin the 
peritoneal cavity cannot be demonstrated, and 
abscess is a rare complication. Once the diagnosis 
of localized perforation is reasonably suspected, 
surgical iotervenUon should be undertaken, al- 
though in many instances it need not be immediate. 

Treatment. If the diagnosis of perforation is 
established Nvithin the first 24 to 66 hr after onset, 
immediate surgical intervention is indicated. Pre- 
operalively, constant gastric suction, adequate re- 
placement of fluids and electroljies, broad-spectnira 
antibiotic therapy (penicillin, 1.2 X 10® units, and 
stieptomydn, 1.0 Gm, daily in divided doses) 
all should be instituted. In perforations of 36 hr or 
more durab'on, conservatis’e therapy may he under- 
taken. This regimen includes condnuous gastric 
suction, vigorous treatment Nsith broad-sp^nim 
antibiotics, adequate fluid replacement, and ad- 
ministration of blood and albumin as needed. 

THE SURGICAL APPROACH 
TO DUODENAL ULCER 
For many years the surgical techniques for the 
treatment of duodenal ulcer have been constantly 
revised, based on continuing additions to knosvl- 
edge of the various roles which parietal cell mass, 
the vagus, and the antrum play in gastric hyper- 
secretion. It is now generally accepted that no 
procedure is satisfactory' unless it significantly re- 
duces the secretion of hydrochloric acid and pepsin 



Fic. 272-6. Upright {silting) abdominal film of a pa- 
tient with an anterior perforation of a duodenal ulcer, 
demoQStratiDg air beneath the diaphragm. 


by the stomach. This may be accomplished in a 
number of different way-s. All the procedures to be 
discussed were developed after the earliest opera- 
tions of simple gastioenlerostomy or “antral ex- 
clusion.” 

Gastroenterostomy and antral exclusion were 
designed to permit the patient to retain most or all 
of the stomach-, however, the rate of recurrent 
jejunal peptic ulceration has been prohibitively 
high (about 35 to 50 per cent) follou’ing these 
procedures. As a result, more radical resections 
have been done. With bolder resection ha\-e come 
several important in\-erse relationships. As the 
amount removed approaches 75 per cent of the 
organ, the incidence of recurrent ulcer drops; how- 
ever, as size of the remnant diminishes, the in- 
cidence of digestive and nutritional disturbances 
increases. Reaction to the latter sequence has led 
many suigeons either to resect less stomach and 
perform simultaneous vagotomy or to preserve the 
duodenum, i.e., to do gastioduodenostomy (Bill- 
roth I) rather than gastrojejunostomy (Billroth 

II). 

Although a great experience with all varieties of 
surreal correction has been accumulated, it must 
be emphasized that the ideal procedure has not 
yet bcCT developed. 

Subtotal Gastric Resection. In thb now classic 
operation for duodenal ulcer, two-thirds to three- 
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quarters of the distal stomach is removed along with 
the ulcer in most instances A loop of jejunum is 
anastomosed to Uie resected end of the stomach 
according to the methods and modifications of 
Polya or Hofmeister. When performed in this 
fashion, the incidence of recurrent jejunal ulcer 
is low, of the order of 3 to 5 per cent at most. 
Ne\ertheless, this operation leaves about 15 to 20 
per cent of individuals with significant weight loss 
resulting from serious disorders of digestion, which 
include anorexia, postprandial fullness, nausea and 
vomiting, postprandial "dumping" symptoms, and 
diarrhea. 

The “Dumping Syndrome.” This syndrome may 
he described as follows: toward the end of the 
meal or within a few minutes of its completion, 
the patient complains of some warmth, a feeling of 
wealness, often with lightheadedness and palpita- 
tions, begins to perspire, feels faint, is apprehensive, 
and frequently has to lie down. This sequence is 
most Ithely to appear after ingestion of carbohy- 
drates which arc rapidly hydrolyzed. Tliis disorder 
IS probably related to shift of intrav'ascul.nr fluid 
into the jejunum in order to dilute hyporosomolic 
contents; often as much as 20 per cent of plasma 
volume IS thus displaced within a short period of 
lime. The rapid pulse and lightheadedness or syn- 
cope are due to hypovolemia; the apprehension, 



Tic 272-7. Becurrent peptic ulcer (marginal cker) of 
jojunum in a patient after sufitolal gastrectomy and 
, aaslrojejiinostOTny (Dillroth II). 
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pallor, and sweating, to sympathetic response 
Ilouevcr, a relationship between diminished plasma 
volume and the syTnptoms has not been consistenllj 
demonstrated. Perhaps the symptoms in some in- 
stances are due to autonomic overreaction, based 
as much upon psychologic factors as upon response 
to rapid jejunal filling. The management of this 
distressing condition consists of frequent small 
feedings which are low in carbohydrate. 

Tlie basis for impaired absorption and diarrhea 
following subtotal gastrectomy has not been estab- 
lished. Factors to be considered include inadequate 
mixing of food with the digestive ferments from 
the liver and pancreas due both to bypass of the 
duodenum and to rapid dispersion over most of the 
small bowel. In these instances there is significant 
steatorrhea, with 10 to 20 per cent and occasionally 
as much as 40 per cent of ingested fat appe.irmg 
in the stool. Up to 30 per cent of the preoperativc 
body weight may be lost after gastrectomy. Indeed, 
alter higli subtotal gastrectomy’, a definite malab- 
sorption syndrome may be seen, including symP" 
toms and signs of deficiency of fat-soluble vita- 
mins (paresthesias and tetany due to hypocalccmU. 
bleeding due to hypoprothrombinemb), vitam’" 
B complex, iron and vitamin Bi 2 > etc. (see Chap- 
02). Perhaps os a consequence of their poor nutn* 
tional status, these individuals have an increased 
incidence of tuberculosis. Recent evidence indi- 
cates that baefenn) contamination of the afferent 
loop is another c.iuse for steatorrhea and malab- 
sorption following Billroth II procedures. (^orfcC* 
tion ro.vy follow a course of broad-spectrum anti- 
biotic therapy such ns tetracycline. (Neomycin 
should not be used, since its administration may 
be associated with steatorrhea ) Of interest, biop^ 
spedmens of the upper jejunum m patients with 
steatorrhea following gastrectomy and with gastrif- 
jcjunostomics reveal atrophic diangcs of columnar 
epithelium resembling nontropical sprue. (For 
discussion of therapy of postgastrectomy problems, 
see Chap. 274 ) 

In order to preserve enough stomach to lessen 
the occurrence of these distressing complication* 
hemigastrcctomy with gastroduodenostomy (B'"' 
roth I) is now being perfonned. Several report* 
indicate that digestive disturbances are fewer an 
nutrition is belter after ibis procedure, attributable 
to better resen’oir function and mixing of food wit * 
duodmal juices However, the rate of recurren^ 
of ulcer seems to be higher than after standiro 
high subtotal resection and gastrojejunostomy. 

A number of investigators feel that maximum 
protccUon against both lecuncnt ulceration an|| 
digestive problems can be assured if the distal hal 
of the stomach including the antrum and pyloru* 
is resected and a vagotomy performed. As indicaf eo- 
there is some evidence that nutrition is better after 
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low than after high subtotal gastrectomy. The 
incidence of diarrhea and dumping syndrome may 
be less, particularly if gastroduodenostomy is done. 
Theoretically, then, when the antrum is resected 
and the ^•agi are cut, the operation should be 
satisfactory. However, if vagotomy is complete, 
there is no evidence that antrectomy will add pro- 
tection against recurrent jejunal ulceration. If va^t- 
omy is incomplete, one is left \\ith a simple resec- 
tion of the antrum, an operation knowm to be in- 
adequate. The rationale of this operation will be 
established only when it has been shown that the 
good results reported are not the result of the 
vagotomy. 

Vagotomy alone is unsatisfactory, since U is 
attended by gastric stasis u’hich stimulates the 
gastric antrum with release of gastrin, leading to 
further hjpersecretion and reulceration. Hierefore, 
when it is done, a procedure to ensure adequate 
drainage must accompany it. If the low recurrence 
rate of ulcer after hemigastrectomy and vagotomy 
IS due principally to the latter, then s'agotomy 
with pyloroplasty or gastroenterostomy will be 
preferable to s-agoloray ^vith resection, since the 
former combination \viU ensure retention of a 
greater amount of reservoir function of the stomach. 

Recunent (Marginal) Ulceration. Following sim- 
ple gastroenterostomy, and much less commonly 
after high subtotal gastrectomy or partial gastrec- 
tomy with vagotomy, a marginal ulcer may appear 
on the efferent side of the anastomosis at any time 
(even up to 30 years), but most often occurs within 
a year of the procedure (Fig. 272-7). The pain U 
much like that of duodenal ulcer except that it is 
located more to the left of the mi<iine in the 
midepigastrium rather than being high midiine or 
subxyphoid. WhUe it U relieved by eating and 
by drmking milk or alkali, the response to such 
measures is less satisfactory than with duodena] 
ulcer and, in general, the healing of such craters 
is more difBcult. 

The diagnosis is often suggested by the history, 
but frequently there is no pain, and bleeding is 
the only manifestation. Often these bleeding epi- 
sodes can be severe, and in many instances the 
crater will not be demonstrable by x-ray. WTiether 
the marginal ulcer presents with pain or bleeding, 
intensive management is required. If satisfactory' 
evidence of healing is not obtained, further surgery 
must be undertaken. If the patient has had only a 
simple gastroenterostomy, then subtotal gastrec- 
tomy with vagotom)' is recommended; if the patient 
has had a subtotal gastrectomy, then vagotomy 
should be done; if, rarely, the patient has had 
subtotal gastrectomy and vagotomy, a high sub- 
total gastrectomy should bo performed. In all in- 
stances of recurrent ulceration, search for tumor 
of the pancreas must be made. 
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BENIGN GASTRIC ULCER 

Maroin H. Sleisenger 

Pathology and Clinical Picture. Benign peptic 
ulceration of the stomach, like duodenal ulcer, 
is a chronic, recurrent disease in W’hich there is a 
localized erosion of the mucosa, extending into 
the submucosa and averaging 10 to 20 mm in 
diameter; occasionally, it may be as great as 50 
mm (Fig. 273-1). The ulcer usually is single, 
but occasionally dual or multiple. In most instances 
the edges of the ulcer crater are sharply defined, 
with a surrounding area of inflammatory edema, 
hj'peremia, and inStration. Tlie base of the ulcer 
is generally covered with a small amount of fibrin- 
ous or fibropurulent exudate which overlies rones 
of necrosis, granulation, and fibrosis, depending 
upon the degree of healing wliich has occurred. In 
the more chronic penetrating variety, the muscle 
coats may be interrupted and interspersed with 
fibrosis; in these instances, blood vessels may be- 
come thrombosed or eroded. 

The cfinical picture is variable. Epigastric pain 
is the prominent presenting symptom. As in duo- 
denal ulcer, it is gnawing or aching, varies from 
mild discomfort to severe distress, appears one to 
several hours after meals, lasts 30 min or more 
with prompt relief upon ingestion of food or alkali. 
Distress at night seems to be rare. Frequently, 
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FiG. 273-1. Large cliioaic gastric ulcer 4.1 X 2.5 cm In 
diameter and 8 mm in depth on the pcKterior x^all of 
the stomach, lo^acr third, producing a massive fatal 
hemorrhage. A second smaller ulcer is seen on the left 

however, the story is different. The discomfort may 
he burning or cromplike, may not be reb'eved by 
food or alkab, and in (act may be aggravated by 
eating. Also, the area of the distress is apt to be 
more diffuse than for duodena] ulcer, covering 
(he major part of the epigastric area and often 
extending over the left lower anterior rib cage. 
Periodicity of gastric ulcer activity is not nearly so 
striking as that of duodenal ulcer, in which re- 
currences are most common in the spring and 
autumn. 

As with duodenal ulcer, radiation of the pain to 
the back is not uncommon and suggests penetra- 
tion of the lesion beyond the serosa into adjacent 
organs, particularly the pancreas. 

The exact clinical incidence of gastric ulcer is 
unknown, but it is thought to be about one-tenth 
as common as duodenal ulcer. Accurate deter- 
mination is difficult, since small and/or rapidly 
healing ulcerations are extremely difficult to demon- 
strate. As xvith duodenal ulcer, this disorder occurs 
more commonly in men than in women, the ratio 
in most large series varying from 2:1 to ^rl. 

The majority of gastric ulcers occur at two sites: 
the prepyloric area and along the lesser curvature. 
About 90 per cent of lesser curvature ulcers are 
located in mucosa containing pyloric ^ands, sug- 
gesting that the latter is less resistant than mucosa 
with add and pepsin secreting cells. Less com- 
mon sites include the posterior wall of the body of 
the stomach, along the greater curvature, and 
the .aro.-i of the cardia and cardino^opkigeal jimcv 


DISEASES OF ORGAN SYSTEMS 
Bon. A gastric ulcer may occasionally appear in 
association with either an active or a healed duo- 
denal ulcer. 

Etiology and Pathogenesis. In benign gastric 
ulcer, unlike duodenal ulcer, gastric secretion rareh 
is above normal. Aside from the digestive action 
of acid peptic juice upon the mucosa and its under- 
lying layers, little is known of the etiology and 
pathogenesis of gastric ulceration. Nevertheless, 
certain facts are available which suggest that this 
disease is different from duodenal ulcer. The in- 
cidence appears to be higher in patients with 
chronic pulmonary disease and rheumatoid arlhnlis 
and in tliose treated with certain drugs, particular!) 
adrenal steroids (see below). Since the secretion 
of acid is often normal or, as found in other stud'os, 
slightly depressed, ulceration may be due to some 
defect either in the protective mucus of gastnc 
juice or in tissue resistance, or both. Since a nonnal 
regenerative capacity is important for adequate 
resistance, it is possible that impaired protein lue- 
tabolism may play a role in the genesis of gastric 
ulcer. The importance of mucosal regeneration in 
relation to mucosal integrity is suggested by if'fi 
frequency of atrophic changes adjacent to the 
area of the stomai^, perhaps resulting from on ant^ 
cedent gastritis. 

The increased incidence of gastric ulcers “ 
patients with gastric retention due to pyloric <>h- 
struction or following vagotomy alone or combinsd 
with high lying gastroenterostomy has stimulaiw 
interest in the role of the antrum in the genesis or 
gastric ulcer. Evidence obtained from experimM’t* 
with dogs indicates that antral stimulation by com* 
tact with food or by distention results in hypersecre* 
tion of add mediated by gastrin (Chap. 272). hi 
addition, reflux of alkahne fluid into the antrum 
after gastroenterostomy abolishes the normal antri“ 
inhibition of gastrin release, thereby promoting 
secretion. A clinical observation which supports 
the importance of the antrum is the healing or 
proximal gastric ulcers after simple antrectomy- 
Although ps)'cbDlog{c factors may play a significant 
role in the genesis of gastric ulcer, helpful studi^ 
of the personality patterns of patients with gastfic 
ulcer or of the role of emotional trauma are oft 
available. 

Acute Gastric XJlcer. Gastric ulceration may de- 
velop acutely. A major difference between the 
acute ulcer and the more common variety is Ifl® 
lack of ffbrosis and of endarteritic vascular throm- 
bosis in the former which renders these cratch 
more liable to perforation and bleeding. Indeed- 
one of these compbcatlons may be the picsentinS 
symptom in many instances. Acute gastric ulcc^ 
is likely to occur in the situations discussed belovv- 

Drug-induced Gastric Ulcer. A large number c 
drugs, particiil.ifly the offrentjf sterohh, may inriucc 
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Fic. Large gaslric ulcer of llie anlnim In a 56->ear-old tt-oman with rheumatoid arthritis treated with 

adrenal corticosteroids for 0 years. This Is a common location and appearance for “steroid ulcers.” (From W. //. 
A'onimerer, R. II. Frelbcrgcr, and A. Wcflli: Arihritis and BJicumatism, Iil22, 1958. Feprlnted with permission 
of the author and Tnihlirher.) 


gastric ulceration (Fig. 273*2). The incidence of 
peptic ulcer fn patients receiving adrenal steroids 
varies from 7 to 32 per cent, depending upon the 
length of administration, the dosage employed, and 
the nature of the underlying disease being treated 
with the steroids. The highest incidence is recorded 
when patienb receivdng steroids are subjected to 
routine roentgenographic examination, thus rcA'cal- 
ing asymptomatic ulcers. Steroid ulcer seems to 
occur more frequently in patients with rheumatoid 
arthritis, lupus erythematosis, and certain skin 
diseases, and less frequently in those with ulcera- 
tive colitis and malignant diseases, ^^'hetber duo- 
denal or gastric in location, these ulcers may be 
asymptomatic, may often bleed severely, and oc- 
casionally perforate without prior symptoms. Al- 
though they are not generally associated svith ele- 
vated secretion of acid and pepsin, nevertheless, 
they frequently heal on a regimen of a high protein 
diet and frequent feedings, with antacids and anti- 
secretory drugs (see below). 

The appearance of benign gastric ulcer of the 
stomach, frequently severe enough to bleed or 
perforate, may be associated with the administra- 
tion of certain other therapeutic agents. Drugs 
which block adrenergic activity, such as tolazoline 
hydrochloride (Priscoline), hydralazine (Apreso- 


line), and hexomclhoniiim, are thought to Induce 
ulceration by augmtiDting gastric acid secretion via 
a relatively gre.iter vagal influence. Two other 
agents, phenylbutazone (Bulazolidine) and rescr- 
pine, stimulate acid production, the fonner by 
direct action on the parietal cells, and the latter by 
central suppression of sjTnpalhelic stimuli. In this 
regard, the usual therapeutic dose of reserpine, 1.0 
mg daily, does not increase acid secretion, but 2.0 
mg or more may elevate both the volume of secre- 
tion and the total acid. To some extent these drugs 
probably act by local irritation. It is likely that 
cincophen and salicylates also cause acute inflam- 
mation and erosion by their irritative action, al- 
though salicylates m.ay also increase secretion. The 
ulcerogenic effect of calcine probably arises as a 
result of increased acid secretion and local mucos.iI 
irritation. It is also possible that the ulcerogenic 
potential of some or all of these agents results 
partly from an adverse effect upon the blood flow 
to the mucosa. 

The role of solici/iafe ingestion in upper gastro- 
intestinal bleeding has receised considerable at- 
tention of late. Data which suggest that salicylates 
cause upper gastrointestinal bleeding, particularly 
in patients with preexisting peptic ulcer disease, 
are sufficiently impressive to restrict the use of 
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these agents, as much as possible, in such individ- 
uals and in tliose N\ithout known nicer disease who 
have bled following their use The quantity of sali- 
cylate required to induce bleeding In susceptible 
individuals varies, but may be as lifde aS 06 
Gm three to four times daily for several days. 
Chronic occult bleeding has also been obsen'ed. 
The "bufTering” of aspirin with alkali does not 
prevent this type of bleeding Perhaps administra- 
tion of salicylates in either dispersed or enteric- 
coated forms may reduce the incidence of this 
effect; however, evidence at present is inconclu- 
sive on this point. 

Ulcer Associated with Stress- Peptic ulceration 
may occur during acutely or chronically stressful 
situations. In many instances these ulcers are as- 
sociated with cerebral vascular lesions, particularly 
subarachnoid and intracerebral hemorrhage and 
thrombosis. Documentation of stress ulcers may be 
dilEcult; indeed, suspicion of their presence may* 
be aroused only by' a severe or exsanguinating 
hemorrhage. Such ulcerations are also associated 
with bums, multiple injuries, fulminating sepsis, 
snake bite, exposure, and many other stressful 
situations. 

Diagnosis of Gastric Ulcer. Allliough vanabic, 
the history in gastric ulcer may be highly sugges- 
tive; the physical cxaminabon, except possibly' for 
some tenderness in the epigastrium, is usually un- 
rev eahne. Generally, also, there is no anemia and 
tiie stools are often negative for occult blood. The 
diagnosis of gastric ulcer can be established with 
certainty only by radiologic examination, gastros- 
copy, or surgical exploration. 

Radiographically, the benign gastric ulcer of 
the stomach appears as a discrete punched-out 
crater which, if located on the curvature, extends 
beyond its margin. Characteristically, radiating mu- 
cosal folds extend to the crater. Denign gastric 
ulcers are smooth or only' slightly irregular; a rim 
or ‘lialo" of radioluccncy, due to inflammatory 
edema of the margins of the crater, separates the 
crater from the remainder of the barium-filled 
stomach <Fig. 273-3) . 

Differentiation of Benign and Malignant Gastric 
Ulcer. The clinical history does not usually dis- 
tinguish the benign from malignant ulcer. It is 
generally thought that carcinoma of the stomach is 
rare in the third and fourth decades; however, 
enough exceptions have been encountered to make 
the age factor unreliable in differential diagnosis. 
A long history of recurrent symptoms is more 
characlenstic o! benign gastric ulcer, but certainly 
this disease process may be acute in onset and brief 
in course. I^ss of appetite and significant loss of 
weight are more characteristic of malignancy, but 
these symptoms are not specific for IL The pain 
may be idenheal in both conditions if peptic nlcer- 
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ation occurs within the malignancy. In this situa- 
tion, relic/ uuth milk or olAali maxj not dislinguijfr 
beitteen the two conditiont. Frequently, pain in 
malignant gastric ulcer is due to neoplastic in- 
volvement of dors.xl root nerve fibers; in this in- 
stance food and antacids are, of course, ineffective 
in relieving it. Anemia or occult blood in the stool 
suggests a malignant process. 

The vast majority of gastric ulcers are benign 
In order to differentiate the ulcer from nlecraled 
malignancy, five diagnostic criteria should be nro- 
tfnely employed. These are: determination of capa^ 
ity for acid secretion, careful study of the upper 
gastrointestinal x-my, cytologic study of exfoliated 
cells, gastroscopy and biopsy, and response to 
therapy os measured rocntgcnographically. 

The x-rat/ appearance of the lesion is one of the 
most important aids in diffcrenb’ab'ng benign from 
malignant gastric ulcer. Presence or absence ol a 
tumor mass at the margins of the ulcer crater or 
evidence that the ulcer is in the midst of a tumor 
is cnid.il in this matter. Some of the features of 
lienign gosbic ulcer which have already been al- 
luded to, such as presence of radiating folds and 
extension beyond the contour of the curvature, may 
be present in a malignant iJcer. Conversely, 1™ 
large translucent shadow between the barium- 
filM crater and the stomach, reflecting edema cf 
benign gastric ulcer, may be confused wdth a cor- 
responding one in carcinoma. This latter ercsccntic 
shadow between the castrie wall and lumen Is due 
to tumor infiltration about an ulcer which does tot 
project beyond the contour of the curvature (Car- 
men’s meniscus sign) (Fig. 273-4). Although it 
has long been alleged that ulcers of the greater 
curvature and the prepyloric area are more lAflj’ 
to be malignant, careful analysis of such craters 
m these areas does not support the contention 
Therefore, diagnosis must not be made on the basis 
of location. 

While both conditions may be associated with a 
relative hypochlorhydria, the likelihood of malig- 
nancy is increased if tlie patient has complete 
(true) achlorhydriai, for such a secretory resj^^ 
is very rare in benign gastric ulcer. Indeed, this 
finding necessitates surgical exploration. The con- 
verse, i,e., that the capacity to secrete free acid 
indicates a benign process, does not bold and, per 
se, should never be a criterion for excluding malig- 
nancy. 

Several addib'onal aids in laboratory diagnoris 
are very helpful. One of these has been the study 
cd exfoliated cells from the gastric mucosa, prepare 
according to the method of Papanicolaou. 
niques for obtafaiing such cells include lavage 'rith 
saline or chymotrypsin or mucosal abrasion wit" a 
brush or balloon covered by a net. Accuracy o 
cytologic diagnosis of carcinoma varies from 60 to 
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Fro. 273-3. A. Large benign gastric ulcer on the lesser curvnhire of the stomach of a 42-year-oJd woman. Note 
the projection of tJie crater beyond the contour of the curvature and the proroloent area of radiolucency >\hich 
separates the crater from the stomach lumen. (Compare with Fig. 273-4.) B. After 3 weeks of therapy the ulcer 
has healed, 


60 per cent. When combined with radiology, the 
percentage of positive diagnosis of carcinoma ap- 
proaches 90 per cent (Table 273*1}. If the results 
of either of these procedures iivdScate malignancy, 
operation should be performed \vithout delay. 

Castroscoptj tvith or without biopsy may contrib- 
ute to correct diagnosis. Casttoscopic differentia- 
tton of the fesiem atone Is not coenptetety retisble. 
Differentiation of benign from malignant gastric 
ulcer most not rest on gastroscopic features alone, 
since often even at operation the surgeon is unable 
to tell whether or not the lesion is malignant. 
Also, “blind areas” in the cardia and antrum escape 
the view of the endoscopist. Biopsy is decisive only 
\Nhcn positive. 

Finally, the behavior of the lesion during inten- 
she medical therapy, perferably in the hospital, is 
a most important criterion in the different!^ diag- 
nosis. MTide it is alleged that malignant gastric 
ulcer may heal «jmpletc!y during a trial of medical 
therapy, such an event is rare. The incidence of 
complete healing of malignant ulcer is probably 
no greater than 1 per cent. Most beni^ ulcers 
cither heal completely or nearly completely in a 
period of 4 to 6 weeks. Failure to respond in this 
manner must be considered presumptive evidence 
of malignancy' (Hg. 273-5). Nonetheless, one must 
remember that ulcers In older indiWduals, as well 
as in indi\iduals with mwlerate to severe rsutri- 


T<tbk £7$-l. COUPABISOS OF CTTOLOOT AND Jt-ttit 
l.v DtACNOSIS or GASTRIC CANCER AND tn.CE8 
IN CASES or CAltCINOUA 




Cytology 


X-ray 

I-U 

(beaig}}) 

III 

(suspkismf) 

IV-V 

(roaiignonS) 

Normal 

4 (3.4%) 

^ 0 

1 0 

i 

Benign 

12 00.5%) 

•* 


1 

1 5 

liA^uivocai 

20 (17.0%) 

3 


1 14 

Positive 

78 (C8S%) 

1 11 

14 

63 


By combining: all positive reports (not including erjuiv- 
ocal or class III), correct diagnosis made in 8S 7 per cent 


421 C.ASE3 wirnocT carcinoma 
Corrcel 

Procedure report (7c) 

X-ray 3C8 (88) 

Cj'tology 303(915) 

socRcs: Trom Scjbolt, J., and O. rapanieolaou: TLo 
Value of Cj'tolojo' in DmgnoH'r of Gastric Cancer, Gas- 
troenterol, 33^0, 1057. By permission of the auUiors 
s&d jmbbshtr. 
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Fic. S?3*4. An ulcerated caicCnoma tn a 4d>ye3r*oId 
man, demonstrating both crescentic crater nithio the 
contour of the lesser cur%ature and the area of radio* 
luccncy between the gastric \vaU and lumen. (Carmen’s 
sign.) (Compare unCh Fig. 273*3.) 


tiortal problems, may heal more slowly. Conversely, 
It is astonishing how rapidly large ulcers may dis* 
appear (Fig. 273-3). 

If one uses all these criteria, including the trial 
of therapy, the incidence of erroneous diagnosis 
m malignant g.astric ulcer mil be less than 5 per 
cent and, in institutions where great expcnencc has 
accumulated, will probably be about 2 or 3 per 
cent. This is a wholly acceptable approach, since 
the delay of 3 to 4 weeks in operating has not been 
satisfactorily demonstrated to affect the prognosis 
of malignant ulcer. Indeed, several studies of 
patients with gastric ulcer have shown that opera- 
te e mortality in benign ulcers, suspected preopera- 
ti'cly of being malignant, was higher than that 
from cancer which had been misdiagnosed as be- 
nign ulceration 

The surgical approach to uncomplicated, non- 
recurrent gastric ulcer should not be based upon 
the possibility of malignancy in the face of criteria 
which indicate that the process is benign, rather, 
it should be based primarily upon cither unequiv- 
ocal or strongly suggestive evidence of cancer 
derived from careful studies and observation. Con- 
servative medical treatment demands that the pa- 
tient be kept under close surveillance and that 
decision regarding surgery be made promptly after 
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the trial period. However, since the prognosis for 
»iuiU gastric carcinoma which has ulcerated is 
vastly better than that for gastric cancer in genfril 
(S*ycar cure rates of 25 per cent versus 5 to 10 
per cent), the physician should decide in favor 
of surgical interv'ention in unresolved or doubtful 
cases The rare occurrence of marginal ulceration 
after subtotal gastrectomy for gastric ulcer as wcl! 
as the lower incidence of dumping syndrome and 
other nutritional problems further support this 
attitude. 

The possible relationship between benign gastric 
ulcer and the subsequent development of sloro.rcb 
cancer is pertinent to this discussion. In five re- 
ported studies, 0 4 to 3.0 per cent of p.al)ents wilb 
benign gastric ulcer developed carcinoma of tbr 
stomach within 10 years. The average was 1 3 pec 
cent. These figures per sc do not warrant gastrec- 
tomy for benign ulcer as a cancer prophylaxis. la 
many instances the carcinoma is located at a site 
different from the antecedent ulcer, which bad 
long since completely healed, making it difficult 
to accept a cause-effect relationship. 

Treatment. The management of the patient vviOi 
benign peptic ulcer of the stomach follows the 
same general principles outlined for duodenal ul- 
cer. The major difference is that, if possible, the 
patient should be hospitalized during the period 
of treatment to offord maximum opportunity for 
the ulcer to heal. Obviously, this is of great im* 
portaoce, since tlie extent of healing will determine 
whether operation will be performed. Removal of 
the paUent from bis environment will provide 
mental as well as physical rest and will promote the 
strong doctor-patient relationship so important to 
good management. 

Naturally, all drugs which might contribute to 
the uiccrabve process such as adrenal steroids, sali' 
cy'lates, Butazobdine, etc., should be discontinue 
as rapidly as possible Occasionally, however, ad- 
renal steroid therapy w'dl have to maintained or 
reduced very’ slowly. The ulcers will often heal 
even with continued steroid administration. 

Although secretion of acid and pepsin may ^ 
subnormal in the patient with benign gastnc 
ulcer, healing is slow when nutrition is poor and 
nitrogen balance is negative, as is commonly the 
case in chronic pulmonary or rheumatic disea^ 
or with adrenal steroid therapy. Accordingly, did 
should consist of frequent feedings of foods wiui 
high protein content as well as substantial buffering 
power. At onset of therapy, 4 to 6 oz milk is 
hourly. After a few days, three regular meals and a 
bedtime feeding may be added. Several tunes dii y 
milk feedings may be supplemented with protein 
hydrol) sates. (For further details of diet, ** 
Chap. 272.) - 

Antacid and antisccrctory drugs are also benf 
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Fio. 273*5. Large lesser curvature ulcer to a 42-year-oW nxan which appeared betugn (A) but whld» showed in- 
complete healing in 5 weeks (8). At operation an ulcerated carcinoma with metastases was found. 


cial. Since relief from anxiety is essential to opti* 
mum healing, sedatives should be given In the 
same manner as for duodenal ulcer. (For details of 
use of all these drugs as well as tranquilizers, ant- 
acids, and antiseaetory compouitds, refer to Chap. 
272.) 

Indications for Surgery. The most compelling in- 
dication for surgery in gastric ulcer is the suspi- 
cion of malignancy which arises from the demon- 
stration of either histamine fast achlorhydria, ex- 
irAiated malignant cells, evidence oi tumor 1^ 
x-ray, or failure of the ulcer to heal in a 4- to 
6-\veek period of optimum therapy (Fig. 273-5). 
Other common indications for surgical intervention 
include recurrence, bleeding, and perforation. Spe- 
cial mention must be made of these conditions. 

Bleeding gastric ulcer carries a gra^•er risk than 
its duodenal counterpart. Indeed, the single great- 
est cause of mortality from upper gastrointestinal 
bleeding, aside from esophageal varices, is gastric 
ulcer. This is particularly true in the age group 
over fifty’, especially in the presence of hyperten- 
sion or other cardiovascular disease. Should bleed- 
ing persist despite transfusion and supportive meas- 
ures, early operation is advisable (see the section 
on upper gastrointestinal bleeding in Chap. 272, 
Duodenal Ulcer). 

necurrcncc of berugn gastric ulcer h.is been esti- 
mated to be as high as 25 to 53 per cent. Since the 
disease is disabling and increasingly hazardous as 
the patient grows older, surgical intcrs’enlion Is 
recommended for iccunencc. 


Free perforation of a benign gastric ulcer is un- 
usual, but pene/rofion into the pancreas is not. The 
signs and symptoms of these complications arc 
similar to those which are outlined in the chapter 
on duodenal ulcer. Surgery is also indicated in 
these instances. 

Indications for X-ray Therapy. N\'hcn strong con- 
traindications to surgery e-rist in elderly and/or 
chronically ill Individuals vWth gastric ulcer, radi- 
ation of the stomach, which diminishes gastric 
secretion by its cllcct upon secretory cells and also 
induces a vascular fibrosis, may be employed. lie- 
currcnce rate, though reduced, is still high (40 per 
cent). (For details of treatment and Us effect upon 
secretion, see Chap. 272.) 

Long-term Management. In the long-term medi- 
cal management of the patient %vith a healed be- 
nign gastric ulcer, the following program is usually 
employed. The patient should be seen routinely at 
regular 3- to 4-month inter%’als. An upper gastro- 
intestinal tract series should be done routinely once 
each year and at any other time that sy’mploms 
reappear, to determine uhetber or not recurrence 
has taken place. \MiiIe the patient need not be on 
a “strict’* dietary regimen, he should avoid black 
coffee, alcohol, fried and spicy foods and should I>c 
encouraged to continue to eat behveen meals, 
usually a milk feeding with crackers and cheese. At 
appropriate times of stress, the physician should 
employ sedatives and tranquilizers and antisoefc- 
tory (anticholinergic) drugs, as already outlined 
in Chap. 272. Certain drugs (adrenal steroids, sail- 
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3 to 7 Cm after roeals and appropriate doses of 
Vitamins A, D, and K. In some instances, intermit- 
tent 2-\veek courses of tetracycline, 1.0 Cm daily 
by mouth, may reduce steatorrhea in patients \vidi 
afferent loop stasis associated wnth gastrojejunos- 
tomy or esophagojejvmostoray. Anticholinergic drugs 
may also reduce ianhea. Interposing a loop of 
jejunum between the esophagus and duodenum 
after total gastrectomy creates a “reservoir” and 
reduces the incidence of disturbing postprandial 
S)Tnptoms, nutritional problems, and regurgitant 
esophagitis, which are noted after the standard 
Roax-en-Y esopliagojcjunostomy. 

GASTRITIS 

Gastritis is an inflammation of the mucosa of the 
stomacli with or w'ithout hy'pertrophy or atrophy 
and may be associated with distressing symptoms 
of indigestion. Clinically, it may be conveniently 
divided into the acute and chronic forms. 

Acute Gastritis. Although the epithelium of the 
gastric mucosa is capable of rapid regeneration, 
noxious stimuli may cause diffuse hyperemia, 
edema, c-xudaUon, and if sufEcicntly severe, erosion 
and bleeding. Rarely, the erosive process may 
penetrate the muscularis mucosa to become an 
ulcer. Although regeneration tales place, some 
glandular elements may disappear and the sub- 
mucosa mav become scarred. Contributor)’ factors 
include raalnutrition, infection (virus, staphylococ- 
cus, salmonella), ethyl alcohol, many drugs (aspi- 
rin, Rubizolidin, etc.) , and a wide variety of chemi- 
cils (caustic soda, phenol, acids, etc.) 

SymploniB. Anorexia, nausea, diffuse epigastric 
discomfort ("heaviness” and "burning”) are the 
cardinal symptoms; occasionally, vomiting and pro- 
fuse bleeding complicate the picture In the event 
of bleeding, the clinical picture depends largely 
upon the amount and rapidity of blood loss and 
may vary, therefore, from sliglit pallor to marled 
diaphoresis and shock. (In this regard, diffuse 
acute gastritis per se is not so common a cause of 
bleeding as acute erosion or ulcer without diffuse 
inflammation.) If vomiting is severe, sufBcicntly 
prolonged, or untreated, the patient may rapidly 
become weak and dehjdratcd, and he may suffer 
shock. The abdomen is usually flat, but iu those 
who are very ill, it may be distended 

Diagnosis may be confirmed only by gastroscopy. 
The mucosa usually heals completely in 3 to 4 
clays, however, repeated episodes may lead to per- 
manent damage. 

Treatment. Management of gastritis depends 
upon the cause. M'ilhdraw.al of the offending agent 
IS necessary’. If the patient is seen early, tlic stom- 
ach should be l.ivagcd with saline. Fluids, electro- 
lytes (Na+, K-h particularly), and blood arc ^ven 
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as indicated. Slaphyloccocal food poisoning and 
salmonellosis may be treated with broad-spectnnn 
antibiotics in severe cases; however, supportive 
measures arc usually sufficient. 

Chronic Gastritis. In clironic gastritis, the recur- 
rence of inflammation is often superScial and af- 
fects the surface of the mucosa without causing 
atrophy of the glands. The mucosa is of normal 
depth, and although the inflammatory changes mav 
be slight, moderate, or severe, the lesion is capable 
of complete resolution. However, irreversible 
chimges may occur which progress to atrophic 
gastritis. Atrophic gastritis is characterized by a 
more diffuse inflammation of the mucosa combined 
with v'arying degrees of atrophy of mucosal ele- 
ments Complete resolution is not likely, and the 
condition frequently progresses to complete muco- 
sal atrophy. It must be emphasized, however, that 
the degree and extent of inflammation and atrophy 
often overlap. 

Tlie ty'pical clinical picture of chronic gastritis 
Is that of a middle-aged patient with a history of 
indigestion extending over several years. Symptoms 
are usually intermittent and consist of distress in 
the epigaslnum occunlrig almost always immedi- 
ately after meals, particularly if the patient has 
partaken of a great deal of fried or spicy food, 
often with alcoholic beverages, or if he lias over- 
eaten. Nausea and vomiting may be a feature. 

Bleeding occasionally occurs in chronic gastnlls, 
but IS rarely of sufficient magnitude to warrant 
emergency surgical interv’entfon It seems to be 
associated in most instances with "spree" drinking 
of alcohol. 

Physical examination of these pah’ents is unre- 
vcaling. A small number may have diffuse epigas- 
tric tenderness. Rarely, there will be some evi- 
dences of anemia or of vitamin deficicnc)'. 

Laboratory investigation of these complaints rc- 
veak var)ing secretory patterns which depend 
mainly upon the degree of atrophy of the gastric 
mucosa and its parietal cells. About 23 per cent of 
patients with superficial gastritis will have a norma! 
response to liistamine, whereas an equal number 
wall show hjposecretioii, and about 43 per cent will 
not respond at all. As atrophy progresses, the ind- 
dcncc of histamine fast acldorhydna arises steeply, 
with only about 5 per cent of tliese individuals 
capable of secreting any acid after such m.aximum 
stimulation. Radiologically, no abnormalities may 
be delected and gastric emptying is normal 

Relationship to Peptic Ulcer and Carcinoma. 
Studies on the rckiUonship between chronic gas* 
Intis and peptic ulcer indicate that this entity u 
more closely rehted to gastric than duodenal ulcer. 
Gastritis initially may be patchy and limited, and 
the involved area may be digested by acid-pcptic 
juice. Tlie zone winch ulcerates and its surround- 
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ing mucosa arc incapable of normal secretion, 
A\bich perhaps explains the reduced acidity in a 
large number of patients with benign gastric ulcer. 
Several studies of gastric mucosa in duodenal ulcer 
rcv'oaled that gastritis is associated in only a mi- 
nority of instances. 

The role of chronic gastritis is also pertinent in 
the genesis of carcinoma of the stomach. An old 
theory holds that gastric carcinoma has its otigms 
superimposed upon inflammatory changes, since 
pathologists have repented that carcinoma is fre- 
quently associated with such changes. Yet, limited 
studies of patients with chronic gastritis have re- 
vealed no definite relationship to gastric carcinoma, 
and none of the patients in several series has de- 
veloped the latter disease. However, it is note- 
worthy that as chronic gastritis progresses the same 
secretory pattern characteristic of gastric carci- 
noma, that is, hj-posecrction or achlorhydria, devel- 
ops. 

The anemia of chronic gastritis is usually of the 
iron-deficiency type, and several factors probably 
contribute to this; anorexia leads to a diminished 
food intahe, which is often low in iron and protein; 
in a minorit)’ of instances, iron absorption may be 
impaired; the anemia may result from repeated 
small hemorrhages. In some instances atrophy mtiy 
be complete, resulting in failure of absorption of 
vitamin and In pernicious anemia. 

rrcfltmenf. The treatment for clironic gastritis 
consists of encouragement of a satisfactory caloric 
intake and of a relaxed atmosphere at mealtime, 
abstinence from foods which are prone to cause 
difficulty, such as fried food and alcohol, and the 
administration of non.absarb3blc antacids, which 
are somehow effective In the face of hypochlor- 
byiria or even aASoibyAria. lattie basis exists for 
the belief that dUute hydrochloric add with meals 
is beneficial. If the blood smear, red blood cell 
indices, and if necessary, serum iron and iron bind- 
ing capacity reveal an iron-deficiency anemia, fer- 
rous sdts should be given by mouth. Often, how- 
ever, response is poor despite apparently normal 
absorption and the absence of occult blood loss. 
If complete gastric atrophy and achlorhj'dria arc 
present, the anemia may be megaloblastic, in 
which instance parenteral vitamin B 12 should be 
administered. One of the most important aspects 
of therapy is to reassure the patient and to explain 
the nature of the symptoms and their relationship 
both to inflammation of the mucosa of the stomach 
and to stressful situations. It should be emphasized 
that there is no known relationship to future de- 
velopment of cancer. Often such reassurance brings 
dramatic relief. 

Diffuse Giant H}'perlrophic Gastritis. Another 
variety of "gastritis” may be associated with the 
same sjmptoms found in chronic superficial or 


CHAP. 274 1019 

atrophic gastritis. This entity is called “diffuse 
giant hypertrophic gastritis” and was first described 
by Menelricr in 18S8. It is a rare disease of the 
stomach characterized by the presence of very 
prominent folds with profuse epithelial prolifera- 
tion and some inflammatory reaction. The lesion 
may diffusely involve the whole gastric mucosa, or 
it may be localized in distribution, particularly in 
the antrum. The folds may be swollen and tor- 
tuous so as to appear pol^'poid and may be as great 
as 3.5 cm in diameter. The mucosa is soft and 
pliable, but may become relatively fixed if inflam- 
mation is great. Histologically, changes consist of 
h)'perplasia of the surface epithelium and infiltra- 
tion of tire interstitium by inflammatory cells. 

Tliis disease or condition appears principally in 
men from the fourth to the sixth decade who com- 
plain of the same postprandial epigastric pain and 
distress as do most patients with chronic gastritis- 
In addition, they may also note vomiting, weight 
loss, and bleeding. 

The disease may be strongly suspected from the 
radiologic appearance of the stomach, which is 
ch.'iractcrized by very large, tortuous, often polj’- 
poid, folds in one or more areas of the stomach 
(Fig. 274-5). Since carcinoma, granulomas, and 
l)'mphosarcoma may be indistinguishable on roent- 
genogram. further studies are strongly indicated- 

Gastric analysis reveals a normal or nearly Ror- 



Fic. 274-5. Gf.mt regal hypertrophy presenting the ap- 
pearance of a neoplasm in a 47-yeai-old man With 
melena. Microscopic examination revealed a thicherJed 
mucosa with elongated, cystkally dilated gastric glands 
There was no evidence of malignancy. 
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mal response to histamine. The diagnosis may be 
confirmed by biopsy, eitlier by suction tube or in 
conjunction with gastroscopy. As in carcinoma of 
the stomach, these patients may hav-e significant 
hypoalbuminemia due to e.'cudation of serum albu- 
min from tbe hypertrophic rugae into the lumen of 
the stomach. In many instances, difFercnllal diag- 
nosis cannot be made wlhout laparotomy. 

FUNCTIONAL DYSPEPSIA 

While it is true that a high percentage of pa- 
tients with symptoms of indigestion demonstrate 
gross and tnlcroscopic evidences of chronic, super- 
ficial, or atrophic gastritis, many individuals with 
these complaints have no alteration of the mucosa 
at all, conversely, many individuals with no com- 
plaints are found to have changes of acute or 
chronic inflammation. 

Repeated studies have shoum that emotion has fl 
powerful effect upon the motor activity of tl»e 
stomach, which raises Uie question of the relation- 
ship of emotional factors to tlie s)'mptoms of pa- 
tients with chronic gastritis. Reaction to life stress 
may satisfactorily explain the s)’mptoms In many 
patients who arc able to relate them to periods of 
emotional strain Perhaps the fullness or heaviness 
Is due to failure of normal gastric empt}'ing. Scant 
data are available on this point; however, from 
Wolf and Wolffs studies on the fistula subject, 
Torn, we have learned that during periods of fear, 
dejection, or sadness gastric activity was dimin- 
ished (see Chap. 272). Such decrease in gastric 
motor function also is an accompaniment of nau- 
sea, which, with increased pressure in the duo- 
denum, has been provoked by the technique of 
"stressful interview.” Although no evidence exists 
that prolonged tension induces changes of super- 
ficial gastritis, intense resentment and anger may 
be associated with marked hyperemia and friabiJ- 
tty. 

Functional dyspepsia is usually chronic; the ma- 
jority of these patients will be plagued by their 
symptoms indefinitely, but will respond at times to 
strong reassurance, judicious sedation, and empiric 
alteration of diet. 


OTHER MALIGNANT TUMORS 
OF THE STOM^tCH 

Sarcoma. These malignancies comprise about 3 
per cent of all stomach tumors; the tymphoma 
group (lymphosarcoma, reticulum-cell sarcoma, 
Hodgkin’s disease, and "lymphoblastoma") is about 
three to four times as common as the resL The 
mean age of onset is about 10 years younger Aan 
for caremoma, but the symptoms are quite similar 
— ^pain, anorexia, weight loss, and anemia due to 
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blood loss. Physical examinaUon may reveal a mass, 
a diUcrential point Is the splenomegaly which is 
present in some, but not in the majority, of in- 
stances of primary gastric lymphoma. Massive 
bleeding complicates the course more commonly 
than it does in carcinoma. Achlorhydria is found 
in GO to 70 per cent. 

The lymphomas tend to be locally invasive, and 
blood-borne mctastascs are less likely than for the 
other sarcomas. 

Differentia] diagnosis of lymphoma nuy occa- 
sionally be aided by the occurrence of other sj-s- 
temic symptoms and signs of the process, particu- 
larly fever and lymphadenopathy. 

X-ray appearance of sarcoma is easily confused 
with that of carcinoma, since infiltration, ulcera- 
tion, distortion, etc., are commonly found fn this 
condition; however, these lesions, particularly 
lymphosarcoma, may appear in a minority of in- 
stances — about 20 per cent — only as enlarged 
folds, without a discrete mass (Fig. 274-6). Occa- 
sionally, 0 submucosal tumor mass may indicate 
presence of a m.nlignancy of smooth muscle origin. 
Dia^osis of lympltosarcoma may be made occa- 
sionally either by gastroscopic or suction biopsy; 
however, resection of the tumor Is, of course, the 
principal metliod of diagnosis. 

Surgical excision, followed by irradiation, is the 
treatment of choice. Such combined therapy re- 
sults in S-ycar cures in excess of 23 per cent. It ii 
well to remember that not all lymphomas are 
equally radiosensitive; for example, reticulura-cell 
sarcoma is more resistant than the small-cell va- 
riety. 

Lciomijosarcoma, fibrosarcoma, netirogenfe sar- 
coma. neurofibrosarcoma, and myxosarcoma com- 
prise a group of rare malignant tumors of tlie stom- 
ach. Leiomyosarcoma is the most common and 
constitutes 1 per cent of all malignancies of the 
stomach. The others are all very rare tumors. 

These lesions most often involve the greater or 
lesser curvature and are usually well circumscribed 
and pedunculated. Radiologically, they may appw 
as circumscribed globular filling defects or sub- 
mucosal tumors with ulceration of the overlying 
mucosa. 

Melena or hematemesfs is the most common pre- 
senting complaint. Anorexia, indigestion, weight 
loss, and obstruction may be present, but much less 
often than in carcinoma or lymphoma, A mass >s 
frequently palpable. 

Leiomyosarcoma does not appear to arise from 
a preexisting benign leiomyoma. Clinically and 
grossly it is difiicult to distinguish between lei^ 
myoma and leiomyosarcoma. Histologic study i* 
necessary. 

These tumors metastasize locally and less fre- 
quently than carcinoma. The treatment of these 
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sarcomas is radical surgical removTi]. A great ipa- 
joritj’ of cases undergoing exploratory laparotorny 
are found to be operable, and the S-year survival 
rate after surgery is between 45 and 55 per ceriL 
Ten-year sur\ivaJs are not at all uncommon. 

BENIGN TUMORS OF THE STOMACH 

The incidence of benign tumors of the stomach 
in an adult population is estimated at about 0.4 per 
cent. These neoplasms may be divided according 
to origin into epithelial (60 per cent), mesenchy* 
mal (33 per cent), and ectodermal (8 per cent). 

Epithelial. These tumors are polypoid adenomas, 
most of which are asymptomatic. The majority tfre 
located in the antrum and frequently are multiple. 
Over IB per cent ca^es \ia\e associa'ied ariAoiV^* 
dria (following test meal or histamine). Clinical 
Importance centers upon potentiality for malignant 
degeneration, particularly when associated tvith 
pernicious anemia (Fig. 274-4), which is present 
in about 10 per cent of the entire group. The cxAcl 
incidence of malignant transformation is not pre- 
cisely known! ho'vcver, evidence indicates it to 
vary from 7 to 22 per cent. In those patients with 
symptoms, pain and bleeding are most prominent. 
Preoperalively, diagnosis may be made only by 



Fig. 274-6. Lymphosarcoma of the stomach. Note in- 
filtration, enlargement of folds of this tumor. 



Fic. 274-7. Large leiomyoma of the stomach. 


X-ray or gastroscopy. Local resection of the lesion 
is the treatment of choice. If large, multiple, or 
malignant, partial or total resection becomes neces- 
sary. 

hfesench^mal. These include leiomyoma, fibroma, 
and lipoma. Leiomyoma is the commonest of 
this group, comprising 25 per cent of all benign 
tumors. It may be situated in any area, is always 
submucosal, frequently ulcerates, and may bleed 
massively. Occasionally, the patient will complain 
of pain in the epigastrium. Diagnosis is established 
by x-ray; however, small tumors may easily be 
overlooked. Indeed, tiny mesenchymal tumors are 
found commonly at autopsy. The typical appear- 
ance of such a neoplasm is illustrated in Fig 274-7. 
A small percentage seem to undergo malignant 
change, but proof on this point is lacking. Treat- 
ment is surgical removal, necessitating local or par- 
tial gastric resection in all instances. 

Fibroma is a rate benign gastric tumor consti- 
tuting about 5 per cent of the group, and in the 
vast majority of cases is asymptomatic and, there- 
fore, is an incidental finding at laparotomy or au- 
topsy. Lipoma is an extremely rare and usually 
asymptomatic tumor. 

Ectodermal. Netiro/ihromo is the principal ecto- 
dermal tumor. Pain and/or bleeding are often 
noted. Diagnosis is frequently made only by surgi- 
cal exploration. 

MISCELLANEOUS DISEASES 
OF THE STOMACH 

Prolapse ol flie Gastric Mucosa. Prolapse of the 
gastric mu«>sa is a herniation of a portion of gastric 
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mucosa through the pylorus, resulting in a charac- 
teristic roentgen appearance. It may occur at any 
age, but is usually seen in tlie fiftJi decade, and is 
seal in 2 to 14 per cent of patients suLjeefed to 
esamination. The cause unlmo\in but is thraight 
to be due to hj-perpaistalsis associated with local 
mfiammation and excesshe mobOitj of the mucosa 
upon the muscularis. 

Tins condition usually is asj-mptomatic and is 
discosCTcd as an incidental Ending. Tlie simptoins 
.attributed to this condition — epigastric distress, 
nausea, somiling, weabiess, weight loss, and occa- 
sicnaHs bleeding — are oonspecific and are prob- 
abK caused by an accompanying gastritis, peptic 
ulcer, or spasm. 

The diagnosis of prolapse is suggested by the 
roentgen demonstration of (1) an “umbrella" or 
“musliroomhie" filling defect in the base of the 
duodenal bulb and (2) nigac eitending tbrongh 
the p) loros into the duodena] cap. If symptoms are 
present, a bland diet with antispasmodics may be 
prescribed, but frequently is ineffectiie. Results of 
surgery are not clear. Subtotal gastric rcsccticm is 
octasicmallj necessai)’ if bleeding is severe. 

Foreign Bodies In the Stomach. .\ wade \anetv 
of foreign bodies may be found in the stosiadi. 
Small objects such as coins and marbles acciden- 
tally ssv'allowed by children rarely cause symptoms 
and es'cntually pass through the gastroiotestina] 
tract Sharp-pointed objects (pins, needles) may 
penetrate the wall of the stomach or intestine, pro- 
ducuig peritoutis or an abscess. Large foreign 
bodies (spoons, knives, forks) found in the stom- 
achs of the insane usually produce no symptoms, 
although ulceration, perforation, or obstruction may 
occur 

Beaoarr arc conglomerations of swaUowed for- 
eign matoial consisting of hair (trichobetoar), 
liair and vegetable fiber (trichophylobezoar), or 
vegetable fiber alone (phytobcinar). Tbe pro- 
longed use of calcium or magnesium powders may 
give rise to concretions in the stomach (gasbo- 
lilhs'* Bezoars may attain a large size, producing 
symptoms simulatmg gastritis, peptic ulcer, cancer, 
or pyloric obstniction. Tliey may occasionally simu- 
late mabgnancy dunng roentgen examination. Sig- 
nificintiy, these masses are found almost exclu- 
sively m severely disturbed or psychotic individ- 
uals. 

Treatment is indicated only « hen definite ^mp- 
toms are present or when the foreign bcjdy presents 
a mechanical hazard. Laparotomy’ with surgical re- 
moval may then be necessary . 

Syphilis ol the Stomach- Although extreme^ 
rare, this disease must be considered in any’ indi- 
vidual with active or btent lues v\ho has epigastric 
pain, vomiting, weight loss, or blccdmg. X-iay of 
the stomach may reveal one of several abnormali- 
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ties; (!) filling defect or localized infiltration vvjlb- 
oul a mass, (2) “hourglass" stomach, and (3) di- 
fuse involvement of tlie vvall. Differentiation, ^cre- 
fore, from carcinoma of the stomach is almost ini- 
possible, and surgical exploration is recommended. 
Response to anuluetic therapy is dramatic, but tbe 
r-ray appearance may change only' very slowly. 

Tuberculosis of the Stomach. Tubanilosis in- 
fection of tile stomach is rare and is almost always 
a^odated with disease in other organs, particulirly 
the lungs. The lesion may be infiltrative, granoloin- 
atous, or ulcerative. Symptoms are the some as 
those noted m carcinoma, benign ulcer, syphilis, 
etc. Diagnosis can be made only examinatioa 
of tissue obtained at laparotrany’. Antitubernilo^ 
therapy (isonicotim'c acid hydroclilonde and strep- 
tomycin) is usually effective in those rare instances 
in which the diseased portion is not resected. 

Mvcolic Infections of the Stomach. Mycotic in- 
fections of the stomach include actinomycosis, mo- 
oihasis (Candida albicans), aspergillosis, and tumy 
others. These infections frequently’ produce super- 
ficial or deep ulcerations of the stomach, vvhich 
may be single or multiple, although they rarely 
penetrate or perforate. The symptoms siinviht? 
those of gastritis, ulcer, or malignant disease of the 
stomach. Examination of the vomitus or the gastric 
contents may reveal the fungus. Treatment is that 
for fungus infections m genml. 

.Acute Dilatation of the Stomach. Acute dilatation 
of the stomach is characterized by a rapid aecumn- 
lab’on of brge quantities (2,000 to 4,000 ml) of 
gastric and intestinal juices with marked gaseous 
distention of the stomach. 

Etiology. The cause of the disorder is tmknovm 
It usually occtrrs as a sequela of abdominal or pei- 
v’ic operations, or it may follow abdominal trauma, 
severe injury, parturition, or overeating. At times 
it is associated with sevae diabetic acidosis, h 
may compbeate an acute infectious disease or be 
associated with uremia or marked electrolyte dit’ 
tuibances, particularly potassium deficiency. Smee 
gastric intubation, particularly afta abdosiiU" 
surgery’, has become widely used, acute dilatation 
is rarely encountered afta laparotomy’. 

Acute dilatation of the stora-ach has been attrib- 
uted to the reflex inhibition of the gastric motor 
mechanism through efferent impulses reacliing^*^ 
stomach by way of the vagi and splonchiJcs. The 
primary’ defect appears to be a loss of gastnc tone 
followed by the swallowing of air and the occurnu’ 
lahon of gastric and duodenal secretions whirl' 
cannot be reabsorbed. ^ 

Tlie onset is often insidious. During the first - 
to 4S hr there is marked apathy and listlessness or 
epigastric fullness and constipation, rarely "itli se- 
vere pain. The cpigastnum progressively' increasrs 
in size, but regurgitati’an and vomiting tasy 0®* 
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appear until tremendous distention has de\'eloped. 
Although \omiting may be copious, the stomacA 
cannot empty completely. \'isible gastric peristalsis 
is absent because of gastric atony; a succussion 
splash may be elicited. Dehydration ensues, associ- 
ated svith hj-pochloremic alkalosis, tetany, and 
ureiru'a as a result of electrolyte imbalance. Pro- 
found prostration, collapse, sboclc, delirium, coma, 
and death follow. 

The fiat Elm of die abdomen reveals a markedly 
dilated stomach filled wth air and fluid. Treatment 
consists of continuous gastric suction for one day 
or more, administration of parenteral fluids, and 
correction of scrum electrolytes, particularly potas- 
sium deficiency, as discussed in the section on py- 
loric obstruction. The patient usually recovers if 
treatment is instituted promptly. 

CONGENITAL ANOMALIES 
OF THE STO^UCII 

Congenital Hypertrophic Pyloric Stenosis of In- 
fancy and Adulthood. This disease is characterized 
by (1) h)’pertrophy of the pyloric muscle, particu- 
larly iht circular muscle layer; and (2) spasm re- 
sulting in narrowing of the pyloric channel. There 
is no histologic evidence of mflammation. Boys are 
affected four times as commonly as girls. Rarely, 
incomplete congenital stenosis may become asymp- 
tomatic in adults. 

Symptoms. Regurgitation and periodic vomiUng 
herald the onset, usually from 2 to 3 weeks to 2 
to 4 months after birth. The vomiting is often 
projecble, without retching, and is foTlosved by 
rapid weight loss, constipation, and dehydration. 
In the adult form, inteirnittcnt hut progressive 
r'omiling, which may appear at any age, dominates 
the clinical picture. 

Diagnosis. Physical examination reveals visible 
hypcrperistalsis, dehydration, and malnutrition. In 
infants, a mass the size of an olive may be felt at 
the right rectus border beneath the costa] margin. 
In doubtful cases, that is, when a tumor is not 
palpable, x-ray examination should be done, using 
water-soluble radiopaque substances such as >Iyo- 
kon, wliich, unlike barium, will not plug the pylo- 
rus or cause serious pulmonary damage if asjw- 
rated. Tlu's usually demonstrates some enlargement 
of the stomach with delated gastric emptying and 
an elongated, narrowed, pyloric segment. Diagnosis 
is made in adults by roentgcnographic examination, 
which reveals the same changes of the pyloric 
canal as noted in infants. Figure 274-8 is the roent- 
genogram of a middle-aged woman with recurrent 
vomiting of many years’ duration, which had never 
pTCNiously been investigated, PN'loroplasty resulted 
in complete relief. 

Treatment. A trial of medical management with 



Fic. 274-8. Congenital hjpertropliic stenosis in a 53- 
year-old woman with recurrent ^omiting. 


frequent small feedings, antispasmodics, and cor- 
rection of electrolyte and fluid imbiilancc may be 
instituted when the history is not clear and if a 
mass is not palpable. Once the diagnosis is made, 
however, the Ramstedt operation, which consists 
of a longitudinal incision through the pyloric mus- 
cle to the mucosa, and whicli is uniformly success- 
ful, should be performed. The same approach is 
recommended when the diagnosis of pyloric steno- 
sis is made in an adult. 

Diverticula of the Stomach. A gastric diverticu- 
lum is an outpouching or protrusion of the stomacli 
w'all, forming a permanent sac. True div’crticula 
contain all muscular coats within the w-all of 
the pouch and are usually congenital. False diver- 
ticula are acquired, and they lack the muscular 
coats. 

Incidence. Both congenital and acquired gastric 
diverticula are most often seen in middle-aged 
women. The posterior w’all of the cardia near the 
lesser curvature is the most common site for the 
congenital t>pe. Acquired gastric traction di- 
verticula arc found most often near the pylorus and 
are caused by inflammatory or mabgnant involve- 
ment of adjacent organs. The former v.iriety is 
almost always asjmptomatic. Surgery may be re- 
quited for the condition which underlies the 
acquired type. 

REFERENCES 

Amberg, J. R., E. N. Gipson, A. R. Margulis, and L. C. 
RIgIcr: Y’icld of Caslnc Carcinoma from Radio- 
logic ScTPcning, Cavtiocntciol., 50.798. 1979 
ELlof, O.. E. EriUson. and O. Salilin: Denien Cpiihc- 
lial Tumors of the Stomach and Duodenum Di- 



1024 SEC. 5 

agnosis and Treatment, Acta Chit. Sennd , 

255, 1060. 

Flood. C. A.; Carcinoma of the Stomacli, Ann. Internal 
Med.. 48:919, 1958. 

Hitchcock, C. R , \V. A. Sullivan, and O. 11. Wangen- 
steen; Value of Achlothj’dfia as a Screening Test 
for Gastric Cancer: 10 Year Report, Gasiroentend , 
29.621. 1935. 

Kaplan, 11. S., and L. G. RJgler: Remidons Anemia 
and Carcinoma of Stomach — Autopsy Studies 
Concerning Their Interrelationship, Am. J. Med. 
Sd.. 209:339. 1045. 

Wood, I. J., and L. I. Taft: "Diffuse Lesions of the 
Stomach,'’ BaUimore, The Williams & Wilkins 
Company, 1958. 


diseases of tite 

Ai J DUODENUM AND 
SMALL INTESTINE 
Albert 1. Mendeloff 

DIVEUTICULOSIS 

It Is usually impossible on cUnlcol grounds to 
decide whether diverticula of the intestinal tract 
are congenital or Acquired. The rarer congenital 
diverticida contain the entire thickness of &e in- 
testinal wall, whereas acquired diverticula consist 
of mucosa and serosa alone. Probably the defect 
in the muscular wall through which the mucosa 
herniates is always potentially present, usually at 
the points where the nutrient arteries perforate the 
serosal and muscular layers. As wilh other fonns 
of herniations, these potential tunnels are wdened 
as life proceeds, so that all forms of divcrticulosis 
are more common among persons in the later dec- 
ades of Ufc. Some iwdividuali display great num- 
bers of diverticula of the gastrointestinal tract, 
from esophagus to anus, but more often diverticula 
of the stomach and small intestme arc sob'taiy; 
they are more common in the duodenum (possibly 
5 per cent of all persons having barium studies of 
this area), next most frequent in the jejunum, and 
rare in the ileum, except for Meckel’s diverticulum. 
Colonic diverticula are more common than small 
intestinal diverticula, and are always multiple. 

Diverticula of tlie Duodenum. These are most 
commonly found on the medial surface of the sec- 
ond portion of the duodenum, in close proximity 
to the entrance of the pancreatic and common 
ducts. They are usually wide-necked, about 1 cm 
m diameter, and appear to fill with and expel intes- 
tinal contents willi ease. Occasionally on intubation 
studies of the second duodenum one aspirates un- 
digested food particles, which must of necessi^' 
represent gastric ch)Tne trapped in these divertic- 
ula and protected from digestive action. 


DISEASES OF ORGAN SYSTE.MS 

'The location of duodenal diverticula cortshhrtw 
the main reason for suspecting their pathogenirity 
Although statistically few patients harboring these 
common outpouchings suffer any misfortune from 
their presence, there are documented cases in 
which obstruction to the neck of the diverticnlum 
has led to acute diverticulitis, hemonliage, and 
necrosis of the wall; pressure exerted by obstructed 
diverticula on pancreatic ducis has definitely re- 
sulted in acute pancreatitis, pressure on the com- 
mon duct in obstructive jauniUce. \Vbcn diverticula 
occur along the third portion of the duodenum they 
have occasionally been the site of acute inflanuna- 
tion and free perforation, with consequent peri- 
tiHiitis. 

Diverticula cf the Jejunum. Although less com- 
mon, these seem to be more subject to the develop- 
ment of acute infiammation and necrosis of the 
wall, with severe upper abdominal pain and occa- 
sionally massive intestinal hemorrhage ensuing 
The acute process may go on to suppurate, a defi- 
nite mass and localized peritonitis are the accom- 
panying physical findings. Another way in which 
multiple diverticula of the jejunum may result in 
disease is the effective replacement of normal ab- 
sorbing jejunal surface by multiple bacteria-fillcd 
sacs, resulting in a characteristic maJabsorptioa 
syndrome due to loss of smfacc and competith'e 
loss of nutrients to the saprophytic bacteria la 
diverticula (Fig 275-1) (see Chap. 62). 

Meckel’s Diverticulum. Resulting from persist- 
ence of the omphalomesenterie duct, this dhertieu- 
lum is reasonably common, occurring in about 3 
per cent of all laporotomized children in whom « 
definite search is made and in about 2 per cent of 
autopsied adults. Even though only a small per- 
centage of these diverticula cause trouble, the pos- 
sibility must be thought of in every case of g?sti^ 
intestinal hemonbage and obstruction. The divertic- 
ula are usually found on the antimesenteric border 
within the last 90 cm of the ileum, and most fre- 
quently within 50 cm of the ileocecal valve. They 
may be wide-mouthed or narrow, short or long, 
sometimes a nubbin hard to find on the smooth sur- 
face of the ileum, occasionally a long 10- to 20-cni 
funnel attached hke a stout pipe to the umbillicos. 
Diverticula lying within the meseoleiy are ram 
and do not arise from the omphalomesenteric duct 
The diverticulum may be lined with normal ile:u 
mucosa, or it may contain varying amounts or 
ectopic gastric, pancreatic, duodeni, or colonic 
epithelium. Symptoms arc more common in males 
by at least 3:1. Coincident malformations are infre- 
quently met. There is no hereditary pattern. In 
chQdren and adolescents, bleeding from this epi- 
thelium is the striking clinical feature, with or 
without the presence of a palpable mass. The 
source of bleeding is almost invariably on ulccra- 
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tion, and this is generally of peptic origin. The 
gastric mucosa in the Mechel’s diverticulum has 
been shown to secrete acid peptic juice, which acts 
on bordering ileal epithelium to produce the ulcer. 
Pathologically the ulcer is always near the junction 
of gastric and ileal mucosa, on the ilea! sidej it thus 
resembles the usual anastomotic ulcer occurring 
after gastrojejunostomy. In the young adult the 
clinical picture begins to change, inflammatory 
processes becoming more prominent, and varying 
degrees of intestinal obstruction, either of the 
ileum proximal to the diverticulum or of neighbor- 
ing loops of bowel trapped behind the inflamma- 
tory mass, constitute the most serious presenting 
symptoms. Free perforation of Meckel’s dK’erticu- 
lum is relatively uncommon, but sealed-off local- 
ized perforations are very common once the iruUal 
inflammatory process has distorted the bowel 
enough to set up the pathologic requisites for cydi- 
cal bouts of inflammation. A number of these pa- 
tients have repeated bouts of low-grade abdominal 
cramps refmed to the mfraumbilical area, usually 
aggravated by eating. The diagnosis is rarely made 
by x-ray studies of the small or large intestine, but 
these are necessary in order to eliminate other p<«- 
sible lesions. The treatment is entirely surgical. 

DUODENITIS 

When a patient presents the symptoms and signs 
of peptic ulcer (Chap. 272} but the radiologic 
examination of duodenum demonstrates no 
localized ulceration or deformity, but rather 
coarsely irregular mucosal folds from the duodenal 
bulb well down into the Junction of the second and 
third portions of the duodenum, with irritabili^ of 
the area, that patient is said to be suffering from 
peptic duodenitis. The incidence of this disease is 
not kno%vn, since radiologists vaiy in their willing- 
ness to apply the label to persons displaying mini- 
mal abnormalities of this t^e, but it is probably a 
common disorder, closely related in every ^vay (o 
the classical disorder — duodenal ulcer — of which 
it is the frequent precursor. Often the irritaWlity 
and edema of the area prevent visualization hy 
x-ray of a small ulcer crater, which may be the 
source of a severe hemonhage, and thus the duo- 
denitis is said to be the source of the hemorrhage. 
In terms of the host factors and the environmental 
stresses Tlo^v -well-identiBed as important in the 
genesis of peptic ulcer of the duodenum, these pa- 
tients are in no way different from those suffering 
from the latter dbease and respond in characteris- 
tically favorable ways to the medical regimen em- 
plo)’ed in treating the patient with duodenal ulcer. 

Occasionally one notes on radiologic exarruna- 
tion a cobble-stoned appearance of the duodenal 
bulb c.aiised by hypertrophy of Brunner’s glands. 



Fic. 275-1. Kfultiple diverticula of jejunum in S5-year- 
old man with macrocytic anemia. 


deep structures secreting an alkaline mucoid mate- 
rial of unlmown function. Most authorities regard 
this hypertrophy as of no chnical signiScance, but 
occasionally it is associated with the symptoms of 
duodenitis. 

MOTOR DISTURBANCES 

Obstructive Syndromes. The natural tendency of 
smooth muscle when operating against a pressure 
gradient is to stretch and contract forcibly. This 
increased distention is pain-producing (see Chap. 
6, Acute Abdominal Pam). Thus all syndromes in 
which normal small bowel is trying to force lumi- 
nal contents past nonrelaxing segments of more 
distal bowel, whether occasioned by a tumor, a 
stricture, an occluding gallstone, or a constricting 
band, are primarily characterized by painful 
cramps at the onset, progressing to loss of pain 
sensation as the bowel loses its viability. Associated 
with the progress of events are many others which 
may assume prominent roles in coloring the S}'mp- 
toms ewked. Intermittent jejunal or ileal obstruc- 
tion, xvith poor maintenance of oil-water interfaces, 
will lead to malabsorption (see Chaps. 62 and 
276). 

Motor abnormalities of the duodenum associated 
with many psychic disturbances (e g., anorexia 
ner\'osa) or with generalized disorders such as 
lupus erythematosus may result in sei-ere bouts of 
nausea and vumiting. The radiologist may get the 
impression of an organic obstruction of the third 
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portion of the duodenum at the point at which the 
snpeiior mesenlenc sessels cross anterior to the 
gut. Such impressions have gi\en rise to many diag* 
noses of "mesenteric root compression ^■ndrome” 
which fad to be borne out on surgical exploration 
to remove the source of the obstruction. It is im- 
portant to understand that an atonic or sluggish 
duodenum proximal to this “compressed" area svill 
of itself produce the apparent obstructive picture, 
just as gastric atony may make a normal pyloric 
area appear to be "obstructing.’’ Only if the peri- 
staltic activity of the first and second portions of 
the duodenum is normal or hyperactive can one 
suspect an organic obstruction of the lliinl portion 
of the duodenum. If tliis is identified, exploration 
IS indicated and a bypassing operation justified. 

Stasis. Complete stasis of the duodenum occurs 
rarely, usually in association with mesenteric vascu- 
lar catastrophes. On x-ray examination, dilatation 
of the duodenum with a peculiar churning of the 
barium meal is characteristically noted In the pa- 
tient with anorexia nervosa and, occasionally, in 
those suffering from severe ulcerative colitis. Else- 
where In the small intestine, stasis is the result of 
loss of vascular integrity, an exhaustion foUowmg 
mechanical or paralytic ileus (Chap. 276). 

Spasm. Spasm of the duodenum occurs m peptic 
disorders, acute pancreatitis, or in various condi- 
tions associated ttidi severe nausea. E.xperimcntal 
nausea, as, for example, that produced by vestibu- 
lar stimulation, gives characteristically a tetanic 
spasm of the duodenum. 

Pain, Migratory or steady pain around the um- 
biLcus may result from insttfficiencij of the mesen- 
teric vessels, usually as a result of degenerative 
aortic disease encroaching on the lumina of the 
vessels. 

REGIONAL ENTERITIS 

The most disabling and discouraging affliction 
of the small intestine known to the internist is 
regional enteritis, an unpredictable gramdoniatous 
response of live submucosi to an unknown agent 
or agents, in which damage is done 1^’ encroach- 
ment upon the lumen, scarring of the muscle, ul- 
ceration of the mucosa, and necrotic breakdown 
with fistula formation between loops of bowel, 
bowel and skui, and bowel and perirectal spaces 
Any, all, or none of these sequelae may follow tlw 
initial bout of the disease, and single attacks arc 
well documented. Much more cornmon, hawever, 
is recurrence and slow spread of the lesion to 
involve contiguous arc.vs of the intestine, including 
occasionally the duodenum. Involvement of the 
antrum of the stomach by a simil.vr process has 
licen desenbed 

Since the original description by Crohn, Cmz- 
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burg, and Oppenheimer in 1932, in which this dis- 
order was localized to the terminal ileum, a num- 
ber of different clinical syndromes h.i\c been dis- 
tinguished from the classical forms, but our knoul- 
edge is far from satisfactory ns to causes, course, 
and proper management. 

Epidcmiolog)'. 'flic disorder is world-wide in dis- 
tribution, and occurs among all races. In thfi 
United States its axact incidence is unknown, but it 
appears to be about one-fifth as common as chronic 
ulcerative colitis. It has been reported as having iB 
onset in eveiy decade of life, but it is characteris- 
tically a disorder of j'oung adults, the peak inci- 
dence being between the ages of fifteen and thirty- 
five. Both se.\es are affected w-ith equal frequency: 
Negroes are less commonly affected tlian whites- 

The affected subjects are more often of Jewish 
origin than one would expect by chance; in some 
series Jews appear to be about three times as com- 
monly involved ns tlieir distribution in the popub- 
bon at large would suggest. The patients shovi 
urban backgrounds more commonly than rural, 
reach higher levels of schooling than usual sni 
slightly higher economic status than ordinarily cn* 
countered. Despite some evidence to the centran, 
severely tbstnrbcd personalities are not routinely' 
met With in these patients, particuLirly early In the 
course of the (bse.isc or antedating the onset of the 
disease. Many such patients show remarkable lorti- 
lude in meeting the innumerable dJBculbri 
wrought by progressive destruction of the InteS' 
bnc; a number have distinguished themselves in 
the arts, sciences, professions, and business despiW 
prolonged and progressive disease. 

Familial occurrence of the disease has been rec- 
ognized from the onset. In various series the percent- 
age of cases occurring in sibh’ngs ranges from 2 to 
10; father-daughter, mother-son, and father-son 
patterns are recorded in all large series of caws. 
The onset of disease in the child does not exhibit 
anticipation, and other associated stigmas are so 
rare as to make it unlikely that genetic factors are 
of more than predisposing importance. 

Etiology and Patlvogenesis. No specific cause or 
this disease has been identified. Investigations ha'C 
been carried out on the possible etiologic relation- 
ship of bacterial and viral organisms ideniifi™ 
more frequently in the gastrointestinal tract or 
these patients than in normal subjects, but .xH such 
studies have been fruitless. Certain disorders ot 
the mesenteric arteries seen in the aging popuh- 
lion have occasionally given rise to a submucesa 
inflammatory and cicatricial reaction producing a 
picture similar to Uiat of regional enteritis, but in 
the majority of cases of regional enteritis no sue 
arterial lesions can be found Tlie enlarged an 
succulent Ij'mph nodes of the mesentery seem o 
result from the submucosal infiammalion rattier 



Fic. 27S»2. nogional cnterfHi: fescctcd specimen of Ileocecal area dcmorntratlng the hypertrophy of jleal sub* 
mucosa (right), Mllh nodubr encroachment on tlie lumen and minute areas of mucosal hemonhage. 


than to he Its cause, remarkable flltcrations fn the 
autonomic ganglia of the bowel wall, frequently 
seen fn cxeiswl specimens, arc rarelv present early 
in the course of the disease. Hi'stochcmlcal studies 
arc Temarkably normal, particularly wth respect 
to the columnar epithelium of the bowel luminal 
surface. Granulomatous tubercles arc characteris- 
tically encountered in the submucosa, in llic peri- 
toneal reactions of serosa, and in fistulous tracts; 
tlicse show giant cells in the center, but no case- 
ation and no evidences of fungi or inclusion bodies. 

The earliest lesions, as Seen in the terminal 
ileum, arc rarely minute, and more usually involve 
appreciable (G to 20 cm) lengths of gut in a swol- 
len beefy glistening mass, oecas/onal/y rather pur- 
plish, but more often intensely red. TIic serosa is 
often injected and the mesenteric fat edematous. 
Large Ij-mph nodes in the mcscntciy nearly arc 
commonly noted. The luminal surface of the bowel 
is thrown up into injected folds stretched over the 
heaped-up submucosal hypertrophy (Fig- 275-2). 
Ulceration of this mucosa, although common, is 
usually superficial in the early stages of the dis- 
ease, when microscopically the rronulccrated areas 
of mucosa appear healthy. 

There is usually a definite demarcation between 
the diseased and healthy bowel; the appendix may 


f)c involved bv a similar process or may merely 
show lymphoid hyperplasia and venous congestion 
as a result of the adjacent inflammatory reaction. 
Tlic lnili,il process may disappear rather quickly, 
may remain indolent only to flare up months or 
years later, or may slowly progress to involve ileal 
segments more ccphalad. “Skips” arc vvcll-docu- 
mented, in which an initial ileal lesion subsides, 
and a midjojunal lesion of similar character devel- 
ops later, the intervening area remaining unin- 
volved. Adjacent or contiguous small or large intes- 
tine may be involved, if not invaded, by this 
inflammatory process; cicatrization, local perfora- 
tions, abscesses, and fistulas commonly characterize 
the development of such a process. The fistulas 
may go from intestine to colon, from intestine to 
skin, or from one loop of intestine to another. 
Loops low in the pelvis or involving sigmoid colon 
often produce perirectal or ischiorectal abscesses, 
perirectal nodular rnasscs seen on proctoscopy, or 
proctitis. A number of changes — endothelial cell 
proliferation in lymphatics, giant cell aggregations 
in the edematous submucosa, ischemic contraction 
of smaller arterioles, and increased numbers of 

ganglion cells and neurofibrillar accumulations 

occur characteristically in surgical and autopsy ma- 
terial and in such profusion as to render the patbo- 
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logic diagnosis of the disease easy to male. How- 
ever, the primacy of any one of these changes, 
or even the proper sequence of lesions, is not 
clear. 

The endothelial reaction in lymphatics and the 
presence of granulomas as the principal tissue reac- 
tion have suggested to many that the disease nnisl 
be a reaction to some irritant absorbed in the 
lymphatics, the absence of foreign bodies in the 
giant cells would lead one not to suspect pailScu- 
late foreign matter as the offending agent; attempts 
have been made to produce the disease experimen- 
tally by abnormal fatty substances, but so far these 
studies have been fruitless. There is L'lUc evidence 
that the succulent IjTnph nodes seen in the mesen- 
tery of cases of early acute ileitis are more than a 
phase of acute secondary lymphadenitis, rather 
than a reflection of an ctiologic primary lymphan- 
gitis. Sarcoidosis, tuberculosis, and reaction to ab- 
dominal trauma seem unrelated to the characteris- 
tic forms of Uiis disease, even though some of the 
granulomas may be indistinguishable from the 
characteristic lesions of these processes. 

Symptoms. These depend on the location of the 
inflammatory lesion, its extent, its acuteness, the 
amount of obstruction it produces, the peritoneal 
reaction, if any, and its relationship to contiguous 
structures. A certain number of such patients may 
present only with the systemic features of a febrile 
illness without localizing symptoms or signs Even 
in these cases, a careful history will often docu- 
ment abdominal discomfort, loose stools, rectal 
urgency, and mild anorexia made worse by the 
feeling that abdominal discomfort increases after 
eating. 

Aatfe ileills presents as the sudden development 
of right lower quadrant pain and tenderness, with 
fever, localized guarding, and some disturbance of 
bowel motibty — either dianhea or constipation. It 
thus presents the clinical picture of appendicib's, 
and the differential diagnosis can be made only at 
laparotomy, when the characterisb'c beefy red ter- 
minal ileum, boggy mesenteric fat, and succulent 
lymph nodes of the mesentery tell the surgeon that 
appendicitis alone could not produce the picture. 
The appendix also may be involved in the primary 
lesion, or may be obstructed secondarily by the 
acute submucosal edema of the adjacent ileitis. 

In one large series, diarrhea, colieVy prun, and 
weight loss were encountered as presenting symp- 
toms in ov’er two-thirds of 600 pabenis. Fever 
occurred in one-third, and a history of biigfit red 
rectal bleeding or melena in less than onc-sixffi. 
Symptoms related to rectal and anal complications 
predominated in about 10 per cent. 

Approximately half the patients have initial in- 
volvement of the terminal ileum, another 15 per 
cent have both ileum and cecum affected at the 
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onset, and less than 4 per cent present initial syrnp. 
toms due exclusively to jejunal or duodenal in- 
volvement. ^^arious other combinations of jejunal, 
fleal, and colonic lesions may be seen at the dme 
the patient first consults the physician. 

Variants of this picture include (1) a full-blo'vn 
tiuihbsoqition syndrome (Chap. 62) with any one 
or many malnutritive derangements capturing the 
spotlight, (2) acute perforation and ger\eTalizcd 
periloniJis (less than 1 per cent), or (3) mojsne 
melena, seen in less than 2 per cent of cases The 
advanced case, with cutaneous fistulas, easily ap- 
preciable masses throughout the abilomen, in- 
creased pigmentation, and severe proctitis, presents 
little difficulty in diagnosis. Amyloidosis due to 
re^onal enteritis is becoming a more frequent 
complication and may be responsible for the pj- 
tient’s death in renal failure. 

As experience with the disease as a whole has 
expaoded, a certain number of patients have been 
encountered who present a diffuse involvement of 
jejunum and Jcum when first seen. These patients 
have been described by Crohn as having a subtype 
of regional enteritis in which the lesions are more 
superficial but much more extensive, less prone to 
suppurative complications and fistula foimatlons, 
but likely to lead to malabsorplive symptona, 
fever, splenomegaly, and clubbing of the fingers, 
the reasons for which are not understood. 

On physical examination these patients with 
enteritis characterisUcally display various evidences 
of undemutrition and malnutrition if tlie symptoms 
are of long standing. Clubbing of the fingers is fre- 
quent in this group. Special attention to the ab- 
dommal examination is necessary, since a definite 
mass or doughy aggregations of bowel loops can 
be felt in one-third of the patients. Fistulous tracts 
between the involved bowel and the abdominal 
sVin are classical complications of the disease and 
are easily appreciated. More readily overlooked arc 
the perirectal and ischiorectal fctulas found in 
nearly 10 pet cent of chronic cases; rectal digitri 
examination will disclose an anorectal stricture in 
half of these cases and in 3 to 4 per cent of those 
without fistulas Proctoscopic examination is ab- 
normal in 10 to 15 per cent; the abnormalities may 
indude nodular submucosal masses, acute procti- 
tis. ulceration, or stricture in the rectosigmoid junc- 
tion. Rectovaginal fistulas are noted in a small per- 
centage of cases. 

Diagnosis. Regional enteritis should be sus^led 
on clinical grounds in most instances when a 
patient presents with a lustory of intermittent 
chronic diarrhea, fever, weight loss, crampy pnh^ 
distention, and on physical examination shows peri- 
anal suppuration, anal strictures, and abdominal 
masses. It should be part of the differential diagno- 
sis of all types of malabsorption (Chap. 62), fever 
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of uncxplafncti origin, intcrmitlcnt small bowel ob- 
slfuclion, and secondary amyloidosis. 

Laboratory features of regional enteritis paralld 
the 5c%erity of tlie (1) inflammatory reaction: leu- 
locytosfs, elevated sedimentation rate; (2) blood 
loss by ulceration: iron dcficicnty anemia*, (3) 
undemutrilion and malabsorption: lijpoalbumine- 
mia, li)'pocaIccmia, lu-pokalemia, clc\-atcd scnim 
alkaline phospbalasc, b^poprothrombinemia, and 
macrocjHc anemia; (d) possibly more specific 
changes related to disturbed protein metabolism: 
elcsutcd scromucoids in llic scnim and bjpergam* 
maglobulincmia. None of these laboratory tests is 
diagnostic. 

The most helpful adjunct to the clinician suspi- 
cious of regional enteritis is the radiologist, who 
generally establishes the diagnosis short of histologic 
confirmation. Marshak and Wolf have tried to 
separate the nonslcnotic pliasc of regional enteritis 
from the stenotic phase on radiologic grounds, 
despite the fact that occasionally both pli.iscs may 
be encountered in the same patient. In the non- 
stenotic phase the principal changes are loss of 
detail In the mucosa, stiffening of the submucosa 
to form a tubular pattern on the radiograph, and 
separation of the tubular loops by inflammation In 
the mcscntei}’, Tlie stenotic phase is charactcrire<l 
by narrou’ing of the lumen, w'ith diblallon of 
normal bowel proximally. In the dilated area poor 
oil-water interfaces and retained mucus secretions 
produce abnormal puddling of the barium. Fistulous 
tracts arc often seen, particularly in the ileocecal 
area, and arc practically diagnostic, tlic only other 
disease likely to produce a similar picture being 
actinomycosis. WTicn Uie duodenum or upper 
jejunum is invoh-ed by regional enteritis, the 
stenotic phase predominates from the onset, 
whereas ileal involvement characteristically Is non- 
stcnotic and ulcerative early in its course (Fig. 
275-3). The unoperaled case usually demonstrates 
little radiologic change after Uic first studies arc 
completed, except for fistula formation. 

Definitive diagnosis on histologic grounds is 
established under the microscope, although most 
surgeons can make an accurate diagnosis by in- 
spection at the operating table of the beefy reddish- 
to-hluish serosa, edematous mesentery, and large 
l)Tnph nodes. Differenb'al diagnosis in (he operating 
room includes tuberculosis, various lymphomas, 
sarcoidosis, and fungous diseases. Biopsies of the 
bowel and IjTnph nodes proi'ide adequate bases for 
histologic diagnosis. 

Course and Prognosis. Acute regional ileitis ap- 
parently is self-limited in about a third of the eases; 
the other two-thirds go on to develop chronic en- 
teritis, and it is possible that 10 to 15 per cent of 
all cases of regional enteritis are oiitgrowlbs of an 
original acute ileitis 



Fic. 275-3. Regional enteritis: several Involved loops of 
Ileum communicate via multiple fistulous tracts. Small 
Wvel proximal to involved areas is dilated (upper). 


Accurate prognostication in this disease is at 
present impossible, largely because there e.xists no 
large body of cases treated entirely supportively In 
the atmosphere of a sanatorium. Almost cN’ciy large 
scries of cases consists of a heterogeneous popula- 
tion of enteritis of different longevity, severity, 
and post nutritional and pharmaceutical experience, 
90 per cent of whom require surgery for some com- 
plication of the original disease. Our prognostica- 
tions, then, must be made on the basis of surgically 
treated p.ilicnls subjected to a wide varie^’ of 
ihevapcuUc procedures at widely varying periods 
of disease, with interim periods of xnrying sup- 
portive therapy. The c.xtent of the intestinal lesions 
in an unoperated case tends to remain that present 
when the patient was first seen, except for the 
development of fistulas. If operation is carried out 
to remove the entire diseased bowel, as was the 
custom soon after the disease was first identified, 
approrimalcly half tlie cases have a recurrence of 
the disease within a few years of the operation 
Whether this is due to failure at operation to 
recognize “skip" areas of enteritis proximal to the 
resected area, or whether new foci of enteritis 
develop in hitherto normal bow’el is not clear. In 
any ease, the physician should expect a patient 
with regional enteritis to have exacerbations and 
remissions over a period of many years; these 
exacerbations usually involve the same areas of 
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bowel established as diseased in the first attack, but 
ulceration, fistulas, and stenosis may supcn'cne at 
any time. Extension'of these suppurative and ne- 
crotic lesions to neighboring loops of small bow’d, 
colon, bladder, and pentcctal tissues may be aai- 
stantly suspected and looked for by the pb}*5icUn. 

Involvement of the colon by a granulomatous in- 
ILimmatory process is reported by some workers in 
half their cases of enteritis, hut most Investigators 
believe that a true granulomatous colitis is seen in 
only a small percentage of enteritis cases. Minimal 
involvement of the colon by fistulas and masses docs 
not produce granulomatous reactions in the colon, 
but occasionally true ulcerative colitis is seen in 
the colon when indubitable regional ententls is 
present in the small intestine. 

Involvement of more distant organs and organ 
systems unrelated to the intestine has been re- 
ported with increasing frequency as these patients 
have been studied more closely ov’cr a long time 
span. Liver abnormalities and nodular pancrcatiUs 
have been reported, but their relation to the primary 
disease is dubious \n view of the transfusions, in- 
jections, and drugs these patients receive and of 
the many nutritional deficiencies they incur. More 
significant is the incidence of arthritic symptoms 
which also are noted in a proportion ol cases of 
ulcerative colitis. The arthritis involves karger joints 
and is often of the spondylitis type; under any 
circumstances it Is not accompanied by the labora- 
tory data suggestive of rheumatoid disease. 

Treatment. In a chronic disease of unknoWTi cause 
and unpredictable course, medical management of 
the most comprehensive type Is mandatory. Ee- 
gardlcss of the validity of the theory that psychi- 
atric disorder underlies or determines the onset and 
progression of this disease, it is clear that careful 
attention to personality factors must proceed port 
passu with meticulous attempts to meet the nu- 
tritional requirements of these patients. These must 
be combined to assure physical and mental rest os 
part of the program for combating the discouraging 
periods during which all efforts of physician and 
patient seem unable to slow the progress of the 
process. Psychiatric assistance will be needed in 
evaluating a number of these cases and should form 
the principal management in a small percentage. 
Supportive care consists first of all in expLiinmg 
to the patient the problem which faces Iwm, the 
rclativ’cly limited areas in which pharmacologic 
and surgical maneuvers can aid him, and yet at the 
same time rcpe.itedly pointing out that adequate 
h)peral!mDntation, rest, and the more specific meas- 
ures can enable him to “ride out" the disease; It 
is generally tnic that the activity of the disease does 
slow down after a number of years, at which time 
the patient will have residua demonstrable on x-ray 
and physical examination, hut will bo able to lead 
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a reasonably normal life. For women it should be 
made clear that pregnancy is not something to 
avoid; many women with severe ileitis but with a 
genuine wish to bav’e children have produced nor- 
mal offspring without undue hazard to themsvhcs 
Even menstrual function seems preserved belter 
in the women with ileitis than in those with ulcera- 
tive colitis 

Specifie Measures. Chemotherapeutic and anti- 
biotic drugs arc of assistance in managing tlio 
purulent complications of enteritis but have httfe 
or no effect on the primary disease process. Nofl- 
alisorbjble sulfonamides have been the most bene- 
ficial of these .agents. 

Hormonal treatment with ACTH and with vari- 
ous adrenal steroids has been largely unavailing 
AlUioiigh many of the secondary m.anifcstaHons of 
the disease, in p.irticular arthritis, erythema nodo- 
sum, iritis, have cleared up quickly after the in- 
stitution of such therapy, the prim.iry intcstind 
lesion remains unaffected Their use may be highly 
efficacious in managing the rare toxic episodes chir- 
actciixed by high fever, severe anorexia, and de- 
pression. but constant caution roust be exercised 
that perforations and peritonitis arc not masked 
by this therapy. 

Badi.-ition therapy was originally proposed W 
control the inflammation and suppuration in p'*’ 
tients whose disease was too generalized or vvliose 
condition too poor to tolerate resective surgery. 
some cases dramatic Improvement has been 
ported following general abdominal irradiation, nad 
it IS possibly a measure which h.is not been used 
sutRcvenlly often as a therapeutic adjunct No scried 
have yet been reported which include a Isfg* 
number of early cases of the disease treated in this 
way. 

Surgical therapy, originally used solely for th® 
complications of a then little-undeistoocl process, 
has gone through a number of stages only to retum 
full circle to its original status. In the 15 
1932 to 1947, surgery w-as thought to effect a ci^ 
of the disease, radical resection of the invohcjt 
ilcocccal area in the oiiginal group of pab'ents wit 
disease localized tlierc w-as advocated as cumtn^ 
As the jeais went by, however, not only did .a n’8^ 
percentage of these patients return with a reciirrcn 
tliscase, but more diffuse lesions were encounterc 
than at the first operation, making eradication sin’ 
gically impossible. A more conservative surgit^^ 
approach was then devised, essenthilly consisting 
of enlcrocolostomy wathout resection. Altliough ti^ 
Operative mortality and immediate postopetatw ^ 
morbidity from this procedure has been satiS^ 
factonly low, it is difficult to state that the 
rence rate among these p-itic-nfs is much lowc 
(about 33 per cent) than among those 
with radical excision (about 40 per cent). \Mictiie 
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tlicsc recurrences result from spread outu-ard of 
foci of disease not seen at t!ie time of operation or 
from some ill-understood activation of the disease 
process by ne«-ly contiguous bowel is not clear. 
Unfortunately, once a recurrence has occurred fol* 
low ing surger}-, c^’C^)■ subsequent surgical maneuver 
tends to result in recurrence. 

Since surgery is not curative, it has now* returned 
to its original place in the therapy of enteritis, as 
a means of eliminating complications of the disease 
wliich are producing serious sjTnptoms on their 
own. Among llicsc are intermittent intestinal ob- 
stniclion, blind loops leading to macrocytic anemia, 
ulcerating lesions in fired stenotic bowel, and 
fistulas between the bowel and adjacent hollow 
viscera. 

The sequelae of resections of the small intestine 
have been of considerable interest in throwing light 
on the mechanisms of nutrient absorption. The 
physician tahing care of a patient with unoperaled 
enteritis must have ft good underetanding of the 
nutritional derangements produced by the disease; 
wlicn that patient has lost, in addition, a sizable 
segment of his small intestine by resection, the 
physician must be very much more alert In detect* 
ing and correcting the multitude of nutritional dc* 
fects which inevitably result (see Diap. C2). 

UNUSUAL DISOHDEUS 
OF THE SMALL INTESTINE 

rneuma/ojis Cystoldes Inleslinalii 

This is a rare disease involving small or large 
intestine, predominantly the former, in a process 
charactetized by numerous nitrogen- filled cjsts un- 
der the serosa. These cysts are lined by endothelium 
and vary in size from 1 to 3 cm. It is generally 
assumed that the gas has arrived subserosally from 
the retroperitoneal space; presumably intcstin.il gas 
has penetrated lymphatics from the luminal sur- 
face, passed retroperitoneally, then dissected along 
the mesentery until it again reaches the subscrosa. 
Obstructive lesions of the bo\vcl are common pre- 
cursors of the condition — pyloric stenosis, tumors, 
regional enteritis, have been specifically described 

Symptoms are primarily abdominal pain, bloody 
diarrhea, or the sudden onset of pneumoperitoneum 
from rupture of a cyst. Diagnosis is iisu.ally made 
ladiologically, the cysts deforming the bowel lumen 
in a characteristic way. 

Treatment is that of the underlying disease, 
which is generally surgical. 

Whipple's Disease 

In 1907, G. H. ^^^lipplc described a new disease 
entity marked clinically by progressi\e wasting, 
diarrhea, arthritis, and skin pigmentation. At au- 


ciiAP. 275 1631 

topsy the patient displayed a diilusely edematous 
small and large intestine supported by a mesentery 
full of enlarged lyrniph nodes. The microscopic and 
chemical analyses of the tissues disclosed a great 
incn^c in fat content, but MTiipple noted espe- 
cially the presence of hirgc macrophages tliroughout 
llie lamina propria of tlie gut and in the lytuph 
nodes; these macrophages were filled witli a foamy’ 
material which did not stain svilh lipophilic dyes; 
he also noted small sicUc-form particles in the 
macrophages which took a silver stain. He called 
the disease "intestinal lipodystrophy.” 

Since 1907 the disease has been reported in in- 
creasing numbers. The clinical course is quite vari- 
able, the multiplicity of organs and tissues involved 
suggesting that this is indeed a generalized dis- 
hifbanee. Tlic material in the macrophages is a 
mucoprotcin; sucli cells have been idenbfied in all 
portions of the intestinal tract, in peripheral lymph 
nodes, liver, pancreatic acini, spleen, bone marrow, 
myocardium, lungs and pleura, adrenal glands, ^nd 
the hypotliabmus. 

Tlic reported cases have occurred almost entirely 
in men; there may be a familial predisposition. The 
disturbed mucoprolcins noted in the histocbcmical 
preparations m.ay also be found in the serum. The 
disease should be thought ol in any adult patient 
presenting w-ilh diarrhea, malabsorption syndrome, 
pigmentation, or polyarthritis. Diagnosis is made 
by biopsy of small intestine, colon, or peripheral 
nodes, or at laparotomy. There is no llierapy of 
proved efficacy, although steroids and tetracycline 
compounds have been of temporary benefit. Spon- 
taneous remissions have been described, but gen- 
erally the disease is progressive and leads to the 
death of the piticwt. 

TUMORS OF THE SMALL INTESTINE 

Generally, this is an infrequently occurring 
group of lesions, but because of the variety of 
symptoms Uiey produce, they may be very difficult 
to diagnose. It is perhaps best to describe them 
according to their p-ithology, since any or all of 
them may produce identical symptoms. 

Benign Tumors 

Leiomyomas of clinical significance are rare in 
the small intestine, but they may produce intus- 
susception with obstruction, ulceration and hemor- 
rhage, with fatal outcome, or v’arying degrees' of 
intestinal obstruction alone. The mucosa becomes 
stretched tightly over these soh'd tumors and fre- 
quently ulcerates to produce gastrointestinal hemor- 
rhage of mild to fatal seventy. Malignant change 
may occur at any time. 

Hemangtomas of the small intestine, although 
rare, are very difficult to identify by clinical 
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method* or radiolopc examination. When they 
Weed suddenly into the bowel wall they often col- 
lapse, 50 lliat they do not present to radiologic 
study any space-occupying defect in tl»c barium- 
Elled bowel. They may be mulb'ple. The occurrence 
of these various sjudromcs as hereditary disorders 
h ttell documented, and a jiint ns to the existence 
of an intestinal hemangioma may well be gleaned 
from identification of hemangiomas of U»c sUn 
or mucous membrane (see Chap. 23S). 

IJpofnas arc more common lh.an leiomyomas or 
hemangiomas in the small intestine .and, hhc them, 
may be involved in developmental anomalies of 
supporting tissues in the Ixnvcl and clsenhcrc. 
Although a mimbet of these could be considered 
to be hamartom.as, they do exhibit the neoplastic 
ability to grow and expand. Characteristically, they 
are found in middle adult life, although they may 
have been growing slowly for many yc.irs before 
making clinical mischief. Sex incidence is probably 
Cfjiial. It is probable that they arise from adipose 
tissue anywhere in the body. Since the mesentery 
of the small Intestine contains a large ammint of 
such tissue, a variety of lipomas involving the wall 
of the bowel to produce obstruction have been 
documented. 

Polt/pold itimors of the small intestine usually 
turn out to be hamartomas. These have been 
thoroughly studied as p.irt of the Peutz-Jeghers 
syndrome (sec Chap. 08). Such tumors are rarely 
m.'ilignant, but may cause intussusception and 
hemonhage. 

Malignant Turnon 

Malignant tumors of the small intestine arc not 
common in Uic United States, accounting (or less 
than 1 per cent of all digestive tract canccis. In 
Africa, on tlic otlier hand, primary tumors of the 
small intestine have been described among some 
races as more common tlun carcinoma of the 
stomach. 

Atlenocardnoma of tlie duodenum is more fre- 
quent as an independent lesion tlian is canrinoma 
of the jejunum or ileum. However, in recent years 
diffuse carcinomas of llic small bowel have been 
describotl in patients with long-standing segionaJ 
ententi*. Tlie most frequently involved area of 
duadenum is the second, near the p.vpilla of V'aler, 
Tlie tumor u*H.iIly’ causes ulceration wi'ih heiiKw- 
iluge or high obstruction and may be casdy' con- 
f«««l radiologlcally with chronic peptic ulcer in 
the same area. Carcinoma of the jejvinoilcum may 
present as diffuse foci of intestinal obstruction due 
to early roetastascs to the peritoneum, as ascites, 
or a* a mabbuirption syndrome. 

Argmrtfffiue liinioft are fount! in 0 5 per cent of 
all surgically rcmovrxl apjH-ndixes, as a ydkiwfsh 
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indurated area. They arc the commonest cpithelu] 
tumors of the small intestine, and may appear wv- 
where from the duodenum to the colon. They arise 
from argentaffin cells in the crypts of Ucbcrlfihn, 
and grow as clumps or strands of small doseh 
packed polyhedral cells. The degree to vvliich these 
tumors arc regarded as malignant varies araai; 
pathologists, but there is increasing recognition cf 
tlieir invasive tendencies. They are often multiple, 
hut when solitary’ some 60 per cent arise in the 
ileum, enlarging to form plaques projecting info 
the musculan’s and serosa. Adennfibrosis of the 
surrounding tissues accompanies this spread so that 
iiiccialion from the lumind spread and compromije 
of the lumen by pressure of the inflammatoty re- 
action may produce the symptoms. They' are turnon 
of middle age, more common in men. Remote 
spread is infrequent and late. For some reason, 
lesions of the duodenum tend less to invade sur- 
rounding tissues. \Mieti mctastascs invade the liver, 
a characteristic syndrome results (see Cfiap. SO). 

Lymphosarcoma, which may’ develop in ny 
region where lynnphoid tissue Is present, is an 
important Invader of the small intestine, BcUnilum 
eel! wreoma usually develops In rclropcrilonfal 
lymph nodes, sccondanly involving the bowfl, 
localized lymphosarcoma usually involves the lletan 
a* a solid bulky tumor which may cause ileal ob- 
struction. It m.ny remain stationary for a long tifne 
and can produce on x-my' picture simulating that 
of localucd Ucitis. When it spreads, it does so 
slowly, to regional lymph nodes, lloilgkin’s granu- 
loma and sarcoma may invade any’ org^n 
body, but they rarely cause localized lesions in the 
small intestine. Enlarged retroperitoneal nodes iftx) 
distort the x-ray picture of the upper small Intestine, 
but localized infiltrations are uncommon. 

Both liposarcoma and leiomyosarcomas are in- 
frequently encountered in the sm-all intestine. The 
symptoms may be the same as those of the benign 
tumors or of any malign.'int lesion. 

Diagnosis. Tumors of the small intestine shouU 
be thouglit of in the diffcrcntLol diagnosis of 
strucUve syndromes of any type, of gaslrointcslitul 
bleeding, and of malabsorptivc states, Tlicy are Ie« 
likely to cause fever than is regional enteritis « 
tuberculosis, but in all other rc-spccts Ix’nign m- 
flammafory disease, benign tumors, and m3!i(;n3f'l 
tumors of this org.m can produce identical cliniC" 
syndromes. Tlie reason for this is not liard to ff'' ■ 
since most symptoms are due to: (!) ulceration e 
mucosa with bleeding; (2) obstruction of • 
bimen l«-liind wliicb mucosal bowel 
tracts fornbly, giving rise to crampy pain; ( ' 
necrosis and inllinimation of the wall, givini; 
to persistent pain and tender mavses; (-1) int'^'f’^ 
cues* vrith intraluminal, mucosal, and hmphati- 
atpects of digestion and absorption of nulrirnl*. 
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producing abnormal stools, weight loss, anorexia, 
vomiting, and occasionally intestinal obstruction. 

Radiologic techniques designed to differentiate 
localized from generalized lesions, pressure of «i- 
larged nodes or inflammatory abscesses on the 
intestines, "deficiency patterns” and flocculation 
of barium in the bowel lumen, distortion of out- 
lines of the bowel by stiffened mesentery — all 
these may be of the greatest diagnostic assistance, 
or may indicate only in a general way the nature 
of the underlying disease. 

Localization of a specific bleeding point may be 
carried out by use of the long intestinal tube, 
through which luminal contents are aspirated and 
tested for blood, or by the use of a string test; in 
the latter maneuver, injection of fluorescein intra- 
venously during active bleeding will stain the string 
at the site of bleeding; fluorescence of the stained 
area is proof positive of locus of bleeding. 

Careful microscopic and chemical testing of the 
stools may confirm the presence or absence of an 
inflammatory exudate, cancer cells, and malab- 
sorbed or maldigestcd foodstuffs, as well as blood, 
abnormal concretions, or parasites. 

If a diagnosis of tumor is made presumptively or 
if symptoms persist and no diagnosis can be ar- 
rived at, laparotomy is indicated. Therapy for most 
of the tumors described is entirely surgical. In the 
case of lymphoma and lymphosarcomas, local re* 
moval and general radiation or chemotherapy are 
employed. 
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a’-Tf: ACUTE INTESTINAL 
A/yj OBSTRUCTION 

Albert 1. Mendehf} and 
Arnold M. Seligman 

Dcfinilton. Acute intestinal obstruction may be 
defined as a faOure of progression of intestinal con- 


tents, whether due to mechanical causes or to 
inadequacy of intestinal muscular actirity. 

Etiology. The most useful classification is based 
on the immediate need for surgical or medical 
tiierapy. The mechanical type of intestinal obstruc- 
tion usually requires surgical interr’ention for its 
correction. This type is due either to intraluminal 
obstruction by foreign bodies, gallstones, meco- 
nium, bezoars, enterohths, and worms; or to mural 
obstruction due to encroachment by compression 
of the intestinal wall, such as in adhesions, stenosis, 
hernia, volvulus, intussusception, tumors, and 
atresia. Nonmcchanical obstruction is referred to as 
ileus. Heus is either adynamic (paralytic) or dy- 
namic (spastic). 

Adynamic ileiis occurs (1) reflexly after certain 
surgical manipulations, diagnostic studies such as 
retrograde pyelography, or trauma; (2) secondary 
to peritoneal insult by chemical agents (hydro- 
chloric acid or blood) , pancreatic en 2 ymes or bac- 
terial agents; (3) as the result of metabolic 
changes, secondary to generalized dislocatiori of 
electrolyte equilibrium, especially abnormally low 
serum potassium levels, interference ^vith the en- 
;ymes and coenzyTues involved in acetylochnline 
synthesis (pantothenic acid), or due to drug effects 
(especially ganglionic blocking agents); (4) follow- 
ing mechanical hypoactlvity in which the muscula- 
ture of die intestinal wall loses its functional integ- 
rity on the basis of localized hypoxia secondary to 
compromised blood supply. This can happen sud- 
denly as a result of arterial spasm secondary to 
venous or arterial thrombosis or embolism of intesti- 
nal x-asculature, or more slowly when obstructing 
factors progress to a degree that embarrasses the 
arterial or venous blooa flow through localized 
portions of the bowel. 

Spastic ileus is an uncommon form of mechanical 
hyperactivity of the normal bouel behind a spastic 
segment or segments of the gut. It is seen in toxic 
conditions such as uremia, heavy metal poisoning, 
porphyria, infections, and extensive ulcerations. 

Untreated ileus with progressive distention en- 
hances mechanical obstruction as well as circula- 
tory embarrassment in the w’all of the in\-ob’ed 
lumen. In this way' partial mechanical occlusion 
may progress to complete obstruction and even- 
tually strangulation. 

Symptoms. Acute mechanical intestinal obstruc- 
tion is characterized by’ colicky pain, nausea, %-oroit- 
ing, distention, and constipation or obstipation. 
Obstruction high in the intestinal tract produces 
earlier and more severe vomiting, whereas obstruc- 
tion low In the intestinal tract produces earlier 
obstipation, more distention, and later vomiting. 
WTien obstruction is accompanied by strangulation, 
the pain is more severe and constant, and the 
patient soon develops evidence of sepsis. Diagnosis 
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of the strangulation is rtlathely easy when a large 
segment of bowel is m\ol\cd, but ibe diagnosis of 
devitalized bowel* although equally important, is 
diflicult when only a few centimeters of bowel arc 
involved. WTien the obstruction is primarily due 
to ad)-namie ileus, pain is absent, obstipation is 
present, and discomfort results when distention Is 
severe enough to cause a tight abdomen, at which 
time tachypnea, tachycardia, and oliguria are the 
result of pooling of fluids in the intestinal lumen 

Pcin in acute mechanical obstruction of the sm.ill 
bowel is referred to Uie midabdonven and occurs in 
severe parotysms that reach a crescendo and ccasc 
abruptly. In acute mechanical obstruction of the 
large bowel, colicky pain is less severe and is re- 
ferred to the lower abdomen. ^^'hCTl the ileocecal 
valve is competCTit, dislenUon is confined to the 
colon and vomiting occurs Lvte if at all. As disten- 
tion progresses, the intensity of the p.iin decreases 
and the parorysins become less frequent. WTien 
strangulation supervenes, the discomfort becomes 
constant and pain becomes more localized to the 
quadrant of the abdomen in which the strangulated 
loop of bowel resides. 

Vomiting occurs earber and is more severe, the 
higher the obstruction in the intestinal tract. High 
olnlTUCtSons result in earlier dehydration and al- 
kalosis due to loss of h)'drachloric acid, whereas 
lower obstructions result in slower dehydration, 
loss of alkaline fluid, and produce acidosis. Vomitus 
at first contains bile and mucus, but later becomes 
brown and fecal in odor because of putrefaction 
of protein in the small bowel. When the ileocecal 
valve is competent, little or no vomiting occurs in 
colonic obstruction. 

Obstipation resvdts in all cases of complete ob- 
struction after the intestinal tract distal lo the 
obstruction is emptied. In high obstruction, the 
lower bowel may (unction quite w'cQ for a time, 
eg, capclling an enema readily, whereas in low 
intestinal obstruction and colonic obstruction ob- 
stipation occurs early. Blood in the scanty stool 
suggests strangulation in low lesions. Diarrhea is 
not encountered, except in those rare situations 
where mechanical obstruction is picdpitatcd by 
gastroenteritis in already mcch-anically embarrassed 
loops of intestine. tVlicn the onset of constipation 
IS gradual but steadily increasing in severity, chronic 
intestinal obstruction due to encroachment on the 
lumen of bowel by the growth of neoplasm sliould 
be suspected Tlie progression of symptoms may 
(>c m.irkcd by bouts of obstipation, distention, and 
cramps, only to be rclievctl bj* purgation with the 
passage of a fecal impaction. Eventually these 
measures fail to give relief and complete obstruc- 
tion supervenes, with the added luzard of perfora- 
tion mto the pcritonc-,il cavity of Ixiwcl provim'il to 
the obstruction. 
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riiysical Findings. Tlie phvsical findings varv 
from very Lttle at the onset, to severe dehidmlioi 
and alkalosis or acidosis from continued vxnmiin'j, 
to localized or generalized distention with ab- 
dominal tenderness after several hours of obstnI^ 
lion, Sev’ere sepsis and shock revealed b)’ pillor, 
sweating, cold and clammy extremities, rapid puhe. 
hypotension, and stupor supervene when strangub- 
tion and perforation occur. Disorientation may U' 
one of the earliest evidences of peritonitis, espe- 
cially in older persons, occurring before shock be- 
comes manifest. Clinical evidences of shock indicate 
extensive fluid and blood loss into bowel lumen, 
bowel wall, and peritoneal cavity as well 3$ loss 
of fluid by vomiting. Shock is seen early when the 
Intestine is infarcled, whether due to vascular 
occlusion or strangulation of bowel wall. Involun- 
tary spasm of the abdominal muscles is noted only 
when strangulation witli local peritonitis occurs and 
is not a prominent feature of acute obstruction 
During paroxysmal painful contractions of small 
intestine, proximal to the point of obstruction, there 
is noted voluntary rigidity of the abdominal wall, 
but this subsides when the contraction subsides. 
These paroxysms of bowel contraction are accom- 
panied by auscultatory sounds that are exaggerated, 
gurgle more than normal due to the abnonna! 
amounts of fluid in the bowel, and become more 
high pitched as gaseous distention InCTcases. Sem^ 
times one can locate the noisy proximal bowel In 
one quadrant of the abdomen by auscultation with 
a stctlioscope. The sounds become more flnklmg 
in character as the ileus progresses, and the abdo- 
men is silent when ileus becomes adynamic, such 
as occurs v>hen peritonitis Is superimposed or when 
large segments of bowel are infarcted. 

Distention in high obstruction may be limited ta 
the upper abdomen and in low colonic obstruction 
may outline the colon. hJost of the gas in 
distention that accompanies acute intestinal obstruc- 
tion is from swallowed air. In those vvho tend to 
swallow air readily and unconsciously, gaseous dis- 
tention may develop very rapidly indc^ and to a 
degree not only to aggravate mechanical obstruc- 
tion but to endanger life by respiratory embarfi^* 
ment, cardiac arrhytlimias, and the precipitaHon 
of vascular insufficiency of the gut with perforatiiw 
Wlicn perforation results, it usually occurs on ibc 
antimcsentcric surface. 

Defection of a large heart with irrcgu1.ir rliyuun. 
or the definitive finding of mitral stenosis, nuiy 
suggest that an embolus to the superior mesentenc 
artery has occurred. Embolism to tli.vt nrtety * 
also rendered possible by a Ixistory of recent rnjo- 
cardial infarction, subaaite bacterial cndocardiW. 
or other embolic plicnomena. In an older p.ilic'’ • 
palpation of an abdominal aortic aneurysm, fv 
dence of defective arterial circulation to the leg*- 
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or history of tliffuse abdominal pain exacerbated 
by eating all suggest diffuse aortic arteriosclerosis 
with encroachment on the lomina of vessels supj^y- 
ing the intestine. Rarely, periarteritis nodosa wfll 
cause thrombosis of the superior mesenteric artery 
or one of its branches. When portal hypcrtcirsion 
is present, tlirombosis of the port'd x'cnous bed 
may ocair, with resultant mesenteric venous tbrom* 
imsis. Polyc)'thenu‘a vera, |«is(spIcncctomy states, 
and disorders of the coagulating mechanism such 
as thrombotic thrombocytopenic purpura are rare 
but documented causes of venous mesenteric throm- 
bosis. 

Rconlgcnographic Findings. An x-ray is n very 
valuable adjunct to the physical cx.'imination in 
demonstrating whether gas is present in loops of 
small bowel with or wilbonl fluid levels, whether 
gas is in the upper or entire small bowel, or in 
single loops of intestine, or primarily in the colon. 
A clue to tbe point of obstruction may be obtained 
often by a flat fdtn together with a film of the 
patient sitting up or lying on his side. Classical 
radiologic evidence of obstruclton of the small 
intestine is seen in Fig. 270-1. the stcpladdcr dis- 
tribution of distended small bowel loops being 
readily identified. Distention of the large Irowcl Is 
usually recognired on the flat films from the dis- 
tribution nf ibc air-fillcd colon, the hauslra! math- 
ings extending not entirely down the lumen. Vol- 
vulus of the sigmoid colon presents a very elm- 
ftctcristic radiologic plct:irc, and various forms of 
internal or sliding hernias give characteristic radio- 
logic patterns. The diagnosis may bo much more 
difficult wliCTi low-grade or early obstruction is 
present or wbcri large focal masses obscure the 
picture. In acute obstnictions it is not wise to give 
iianum by mouth, oUbough in chronic situations 
contrast media can sometimes be injected through 
a tube in the intestinal tract to visualize the point 
of obstruction. If evidence points to colonic obstnic- 
lion, a carefully administered barium cncm.i will 
often demonstrate (tic point of obstruction and 
reveal Its cause. 

Lnborator>* rinilmgs. L-alxiratory findings arc 
usu.nlly related to the amount of necrosis, the 
presence of peritonitis, and other chronic diseases 
which may tindctly tlic catastrophe. Leukocytosis 
IS usually of mrxlerate degree, the hematocrit may’ 
1 ) 1 ' high, .and electrolvles are disinrlietl to various 
degrees. Lactic dchvdrogmasc levels in the serum 
are often very liigli in intrstin.-il inf.irction. Tlie 
stool may be grossly bloixly if a large area of small 
bovvt-I has l>een infarctevl. 

Treatment. Therapy cxmsiits in (I) eiimc.iing 
llitid and eli'clrolvle inilwljntv, (2) ancviiling 
viMiiiling niul tlutnitiiin by intulxition and dct'nm- 
ptt-vvion, ronlTiil nf puUmiilis if prcM-nt ami 
I'lixyl tranvfuven for shock if pn-wnt. and (-1) 



Fie. 27C-1. Paralytic ileus due to thrombosis of sups'- 
rior mesenteric artery. 


rctnov.'il of the obstruction and rcslonilioii of IkiucI 
continuity ami function 

Since the efflux of fluid into the dilated gut and 
peiiloncal cavity results in dcbydralion and often 
licmoconccntration, and since chloride is lost in 
high obstructions, and both sodium cldoridc and 
potassium cldoridc in lower obstmeUons, llie ad- 
ministration of saline and potassium chloride is 
indicated. Extra water should also be given in the 
form of 5 per cent glucose. Because these patii-nls 
Jiavc not taken anything by mouth and viill con- 
tinue not to do so for several days, calorie leipiire- 
mcnis (2.000 per day) must lie met by continuous 
infusion of glucose and parenteral vitamin prcp.xr.i- 
lionx shoviUl lie given. Adcijuate hydration can Iw' 
gaugcvl by measuring urinary excretion, whiih 
should Ik* kept near a liter per d.iy. The hematocnl 
IS also uwful in detennining llie results of oirnlwl- 
ing hcmocnncfntralinn. DetemiinaHon of sixbum. 
cliloiidc, potassium, and bicarlvonatc ionic Icvtls 
in ibr servim twin.* a rliy in very sick p.itinitv imes 
as a tisiful piide to ilrxiroMr therapy and t'cmlrnl 
«f atidrwis or allalovis. No .ittiTupl to mjuitalii 
iiiliogeti itjuihbtiiitn otlier than hy blood and 
pbtvma infusuKV iv indKjti^ in p<-ii.x5s of 

dtubihty. 
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Decompression is best achieved {ntubatfon 
with one of the long, weighted intestinal tubes 
attached to gentle continuous suction. Single lumen 
tubes drain more effecti\'cly than double lumen 
tubes. This method of decompression, supple- 
mented with pantothenic acid parcntcmlly, is useful 
in ad)’naTnic ileus. However, there is great danger 
in relying solel)’ on this means of relieving mechan- 
ical obstruction whenever there is any question of 
strangulation of bow el or when large bowel obstruc- 
tion occurs in the presence of a competent ileocecal 
val\c. Early operative intervention is requited in all 
such cases. 

In the majority of cases, surgical intervenUon is 
necessary to remove the obstructing agent and 
restore normal bowel continuity and function. In 
some cases due to adhesions and hernia, relief by 
decompression suffices, and in some cases of in- 
tussusception or volvulus, a barium enema under 
fluoroscopy restores normal continuity. Many cases 
of adjTiamic ileus are cured by tulie decompres- 
sion alone. However, if the patient does not improve 
rapidly on such conservative measures, operation 
within 24 hr Is indicated to establish an accurate 
evaluation of the cause of obstruction and to effect 
a cure, severe distention is not relieved 

promptly by intubation, surgical intervention is 
required for immediate decompression by means 
of enterostomy or colostomy. However, treatment 
of shock and dehydration should be instituted 
before surgery is undertaken In order to lessen the 
operative risk. 

Prognosis, Tlie prognosis is always guarded, de- 
pending upon the level of obstruction, being poorer 
m high obstruction than in low intestinal obstruc- 
tion, and upon Uie viability of the bowel wall, the 
length of time the bowel has been obstructed and 
strangulated, and the amount of bowel mvolved in 
the strangulation Patients with complicating peri- 
tonitis from perforation have a poor prognosis, and 
this is especially true in very young infants or in 
elderly patients w'lth complicating cardiovascular 
or renal disease. 
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DISEASES or ORGAN SYSTEMS 

ACUTE APTENDICrnS 

Albert 1. Mcmleloff and 
Arnold Seligman 

Inflammation of the vermiform appendix con- 
stitutes one of the commonest and most impoitaril 
acute disease processes. Although descriptions of 
i^Iatcd cases of the disease had been written in 
the seventeenth and eighteenth centuries, and ap- 
pendiceal abscesses had been described at autopsy, 
it was Reginald Fitz in 1SS6 who Erst collected 4 
senes of cases in which clinicopathologie correh- 
tions were established. 

Epidemiology. The disease occurs in all «ge 
groups, but appears to be productive of higher 
mortalit)’ rates in the group aged five to fourteen 
and after age fifty-five. It is estimated that in 1910. 
in England and Wales, one case occurred ever)' 
year for every 700 of the population. The incidence 
of the disease is somewhat higher in males, sod 
the death rates for the period prior to 1916 were 
40 per cent higher in males. A consistent feawre 
of the disease has been its greater Incidence and 
mortality In the upper socioeconomic stratum and 
its tendency to decline in frequency during pcriodi 
of food shortages. In Western Europe and in the 
United States, the de-ath rates for the disease have 
shown a steady decline, ranging from 8 I 
KM), 000 population in 1941 to 1.3 per 100,000 m 
1956. There is also definite evidence that the inci- 
dence of the disease has recently decreased, despite 
great increases in the number of admissions w 
surgical patients to American hospitals since 
Second World War, the absolute number of acuffh 
inflamed appendixes removed has steadily declmco 
by 30 to 60 per cent, and approximately at tlie same 
rates in urban and rural institutions. It is difficult 
to explain this decrease by single cavnatitfr.. 
sible factors arc the greater use of effective and" 
biolics and chemotherapeutic agents to treat 
respiratory infections, some of which undoubtedly 
have been associated with appendicitis, and a 
lessenwl infestation with helminths. Changes la 
diet have also occurred, clianges which many 
have increased the incidence of degenerative dis- 
ease, but may have sharply reduced the incidence 
and the mortality from appendicitis. Surgeons 
also probably more carefid about removing near) 
norma] appendixes now than heretofore. None o 
these explanations is adequate to clarify in 
totality what appears to be a progressive and de * 
nile decrease in the incidence of one of our mos 
important acute inflammatorj’ diseases , 

Pathogenesis. Appendicitis is an infl-unmalion o 
the vermiform appendix involving .ill lajcrs of tn 
organ, beginning either as a focal ulceraUon or as • 
diffuse phlegmon Evidence of a foCal point n 
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obstruction due to fecalith or stricture is sometimes 
found. Tbe appendiceal arlcr)’ is an end artery, and 
its tributaries arc susceptible to occlusion from 
the increased pressure within the lumen of the 
obstructed appendix or direct pressure of a fecalith. 
Infections lead to vascular thrombosis, local necrosis, 
and infarction resulting in perforation. Streptococcal 
in\’ol\'ement, which rises in frequency when acute 
respiratory infections are prevalent, adds to the 
necrotic process and to the vinilcnce of the disease- 
Tlie process either subsides early or progresses to 
gangrene or perforation u-ith abscess or peritonitis. 
Clironic inflammation occurs only with the granu- 
lomatous infections such as tuberculosis, amebas, or 
actinomycosis. Recurring appendicitis due to spon- 
taneous subsidence of acute attacks should not be 
considered clironic appendicitis. Recognition of 
the disease as an entity was first made by Fitz, 
and treatment by appendectomy was introduced 
thereafter by Morton, Ocbsner, Murphy, McBumcy, 
and Deaver. Since then to the present lime, acute 
appendiciUs is the most common major surgical 
disease. 

Clinical Picture. The history of onset should be 
carefully obtained, for the history may be the only 
clue to a correct diagnosis of retrocecal appendi- 
citis, when abdominal signs are absent. The first 
symptom in an other\Wsc well individual is acute 
periumbilical or epigastric pain. In young children 
the abdominal pain cannot be localized and is 
usuallj' generalized. Pain varies from mild or vague 
to quite sev'ere and Is foUoNved by anorexia, nausea, 
or vomiting. The sequence of these s>Tnptoins is 
very important ^Vhen the illness is initiated by 
nausea and vomiting, which Is then followed by 
abdominal pain, one should suspect an infection 
capable of producing extensive toxic absorption 
such as noted in cases of gastroenteritis, tonsilUUs, 
scarlet fever, and pneumonia, rather than the early 
stage of appendiceal inflammation. Pain is the first 
symptom of appendicitis and is due to distention 
of the appendiceal serosa by edema. Stretching of 
the serosa stimulates sympathetic nerve endings in 
the wall of the appendix, producing pain first and, 
because of continued stimuli, anorexia, nausea, and 
vomiting afterward. For this reason it is important 
to determine whether abdominal pain preceded 
the nausea and vomiting. The only other mecha- 
nism for producing pain is by the acute contrac- 
tions of the appendiceal musculature which occurs 
in appendiceal colic, when the lumen is obstructed 
by stricture, fecalith, worms, or foreign bodies. 
Since the sensory innervation of the appendix cor- 
responds to the tenth spinal segment, the pain is 
referred to the periumbilical region like sensory 
impulses originabng anyivhere in the entire small 
bowel. 

At the time of the initial symptoms, inflammation 
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is confined to the appendix. Fever and abdominal 
signs are not prominent at the onset. High fever, 
like vomiting, as an initial symptom is suggestive 
of some other diagnosis. Within a few hours, when 
tire inflammatory process has begun to involve peri- 
toneal surfaces of neighboring loops of bowel, 
omentum, and the anterior parietal peritoneum, pain 
shifts to die right lower quadrant of the abdomen 
and tenderness, spasm, and rebound tenderness 
become increasingly prominent. In a sixth of the 
patients, diarrhea may appear owing to irritation 
of bowel, but constipation is more common. Con- 
tralateral rebound tenderness, like pain in the right 
lower quadrant on sneezing, is a particularly reliable 
sign of peritoneal inflammation. Although direct 
pressure of tlie examining hand produces pain, it 
may do so in the distended got of gastroenteritis 
as well. However, release of tension by the examin- 
ing hand, as in demonstrating rebound tenderness, 
can produce pain only when peritoneal surfaces are 
inflamed. Sudden cessation of abdominal patn some 
hours after onset signiGes perforation of a distended 
appendix, infarction of the appendix, or the ac- 
cumulation of enough peritoneal fluid to lubricate 
the moWng inflamed surfaces. 

In the absence of anterior abdominal signs and 
a history of onset consistent with appendicitis, one 
must suspect that the appendix is in the retrocecal 
position. Evidence for inHammatian In this area 
may be obtained by stretching tlic iliopsoas muscle 
cither by passive h^perextension of the legs on the 
torso or by actively flexing the iliopsoas by straight 
leg raising. When the appendix lies over the brim 
of the pelvis, evidence of inflammation is more 
striking on rectal examination than on abdominal 
examination. After 24 hr, progressive appendicitis 
results in localized peritonitis and abscess formation, 
when the signs remain confined to the right lower 
quadrant w-ith the appearance of a tender mass. 
Diffuse peritonitis develops as a result of perforation 
before adequate adhesions by omentum and neigh- 
boring loops of bowel have been able to form. This 
is more common in children than in adults. Ten- 
derness and spasm ate generalized, ileus becomes 
evident, and the patient develops progressively se- 
vere toxicity, with high fever, severe leukocj'tosis, 
vomiting, dehydration, rapid pulse, and shock. 
When a history of illness for 2 to 3 days is obtained, 
one should expect to End evidence of appendiceal 
abscess with mass or more generalized peritonitis 
with ileus, rather than signs of appendicitis alone. 

Apical clinical pictures of appendicitis are 
distressingly common and difficult to identify. If 
one remembers that appendicitis is the most com- 
mon acute intraabdominal focal inflammation, the 
onset of unexplained weakness, anorexia, and tachy- 
cardia in the elderly may lead the physician to 
suspect the appendixj similarly, in patients ob- 
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tiinded by cerebral disease, or whose pain pathways 
are disturbed by neurologic degeneration, or whose 
appreciation of pain is blunted by sedathes or 
ganglionic blocking agents, the obJeclK-e signs of 
early peritonitis may be the only clue that an acute 
appendicitis has occurred. Retrocecal appendicitis 
can easily be confused with disease of the right 
kidney or ureter or with colonic disease, as not«l 
abos’e. 

DilTercntial Diagnosis. Ca-ilroeiileritts in-ny pro- 
duce vomiting, abdominal pain, anti fever that 
are diflicult to distinguish from those of acute 
appendicitis. However, vomiting Is often the first 
and predominating symptom in the former and is 
later followed by diarrhea Sometimes di.irrhea 
ushers in the illness Although tenderness h some- 
times present, especially after considerable retch- 
ing h.as occurred, spasm and rebound tenilcmoss 
are absent. Systemic muscle aching and prostra- 
tion are common, and bowel sounds are loud and 
"ivhoosbing.” The illness may occur in epidemics 
or affect sei’eral members of a family, making 
diagnosis somewhat easier 

Relened pain from diaphragmatic imtation in 
jmeumonia may simulate anpendicitis, especially 
in cluldren This is especially the case when the 
signs of appendicitis are found to be higher in the 
abdomen than usual and arc attributed to malrot.'i- 
tion of the colon However, fever and vomiting are 
more prominent at the onset of abdominal ^rntp- 
toms and respiration is more rapid in pneumonia 
Abdominal spasm and rebound tenderness should 
be absent in pneumonia, unless pneumococcal peri- 
tonitis has occurred. 

Abdominal pain from mesenteric lymphadenita 
is \ery difficult to distinguish from acute appendi- 
citis and is frequently a cause of illness in children. 
Less spasm and rebound tenderness, lower leuVoc)'- 
tosis, and more gradual onset of $)7nploms help 
distinguish it from appendicitis. 

Since free blood in the peritoneal cavit)' produces 
the symptoms and signs of peritoneal irritation, a 
ruptured graafian follicle or a ruptured tubal preg- 
nancy ivill simulate lire acute abdomen of appendi- 
citis The signs are less localized, however. Other 
acute processes accompanied by a mass are torsion 
of an ovarian cyst and aatte salpingitis. These 
conditions are usually readily distinguished on 
\nginal e-Yamination by noting tenderness mainly 
on moi’ement of the cervis. The local signs are 
usually more pronounced than the general illness 
of the patient would warrant 

Other acute processes such as acuta chdecystUa, 
diverticulitis of the colon, and perforation of car- 
cinoma of iVie colon are often difficult to distinguish, 
especially in older patients The history is the most 
helpful means of making a correct dtag^wsis Uro- 
logic conditions such as stone and pyelonephritis 


of tho right kidney m.iy gii’c s)Tnptoms refened 
to the right lower qu.adrant. The urine is usiialli 
abnormal, and pain begins in the costovertcbril 
angle and radiates to the groin or pubic area. Hou- 
es'cr, a retrocecal appendicitis may also cause the 
appearance of blood cells in the urine. 

Ill nil these conditions, with the csceplion of 
pneumonia, it is usually safer to operate in ih'' 
suspected case of acute appendicitis than to wait 
until the signs and .symptoms of peritonitis male 
diagnosis rekitively easy. Tlie more patients v'lxi 
are operated upon after peritonitis has occurred, 
tlie higher the mortality will be. 

Treatment. If appendicitis Is considered a possi- 
ble diagnosis, cathartics are absolutely contrain- 
dicated. 

Once the diagnosis of acute appendicitis is made, 
the patient Is prepared for surgery by initi.ating 
parenteral administration of fluid and cIcctroMcs. 
and surgical removal of the appendix is performed 
as soon as possible, al any hour of tlic day or nigbt 
UncompIic.nted appendicitis results in prompt re- 
covery, with early ambulation, the patient may be 
able to e.it within 2 t].nys and be discharged within 
a few days thereafter. The complications of ap- 
pendiatis such as local abscess, peritorulis 
ileus, and inteslmal obslnictfon require surgiwi 
intcA'cnlion such as drainage or lysis of adhesions 
prolonged hospitallz.'ttion, energetic treatment «ilb 
gaslromlestlnal intubation, antibiotics, and cai«™ 
control of fluid, glucose, and electrolyte balance by 
parenteral means. 
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07Q DISEASES OF THE 
A / O COLON AND BECTUM 

Albert I. Mendeloff 

Symptoms of Colonic and Rectal Dise.is^ M®” 
can exist without a colon or rectum, alibougn w 
some difficulty. Tliis basic fact has allowed impor' 
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tant obscn'ations to bo made regarding the func- 
tions carried on by the large bowel and the adjusl- 
tnents which result when it is no longer present. 
Tlie increasing freedom with which resections of 
the organ, brassing operations, and colostomies 
have been carried out has led to significant ad- 
vances in our understanding of norrnal activities of 
the colon, altliough our comprehension of many 
of its diseased states is still rudimentary. 

Pain Rc/crcnce. Anatomists, experimentally 
minded surgeons, and gastroenterologists have 
established that pain of colonic origin, unliVe 
small intestinal pain, is lateralized by the brain to 
the right or left sides of the abdomen. Pain fibers 
from the cecum and ascending colon accompany 
sjTnpathetic fibers to the lower ganglions of the 
celiac plexus; fibers from the transverse colon, 
sigmoid, and rectum accompany fibers passing into 
the inferior mesenteric ganglions. Interconnexions 
of these fibers with somatic nerves permit a con- 
siderable amount of localization of pain by the 
brain, roughly corresponding to the festoon distri- 
bution of the colon in the peritoneal cavitj'. Pain 
from the rectum is projected low on to the sacral 
nerv'o distribution; uie lower it arises, the more 
accurate is the localization. Anal pain has the ex- 
quisite tactile discriminative accuracy expected of 
skin near a mucocutaneous junction. 

Pain stimuli from the noninllamed large bowel, 
os from other areas of the normal intestinal tract, 
consist almost exclusively of distention of the bowel 
musculature. In the uninflamed gut most forms of 
trauma result in no appreciable pain, stretching 
of the raxiscularis layer of the bowel wall being alone 
adequate to excite this sensation. When the %vall 
IS stiffened by an inflammatory response, however, 
the threshold for pain stimuli is lowered, and many 
previously subliminal impulses are perceived as 
pain. In the presence of peritoneal inflammation, 
pain previously lateralized on the abdominal wall 
in a general way becomes much more sharply 
localized and may be accompanied by spasm of 
the abdominal muscles and rebound tenderness to 
pressure. 

Thus it is evident that pain from the uninflamed 
colon really results from distention of normal bowel 
proximal to an unrclaxing segment. If the rmrclax- 
ing segment is inflamed or infiltrated, pain arises 
from this area as well as from the contraction of 
the normal bowel proximal to it; if the inflammation 
or infiltration penetrates through the serosa of the 
gut to involve the parietal peritoneum, the more 
localized and sharper pain of spastic striated muscle 
and overlying skin becomes prominent. 

Motor Disorders. The colon is a rather sluggish 
organ, contracting desultorily at rates not exceed- 
ing 1 per minute, compared to regular contraction 
frequencies in the small intestine ranging from 10 


to 12 per minute in the duodenum to 3 to 4 per 
minute in the ileum. The transition between the 
inncn'ation of the ascending colon and that of the 
transverse colon occurs just distal to the hepatic 
flexure, where radiologists often note irregular 
propulsion of barium (Cannon's point). The colon 
husbands its motor activity for the processing of 
ileal contents, waiting until a certain volume has 
accumulated in the cecum. Gas delivered into the 
cecum from the small intestine, which is intolerant 
of air and passes it rapidly downward, diffuses into 
the colon and distributes itself along the length of 
tliat organ. A liter of gas ordinarily is found in 
the large intestine, obeying the law of gravity, 
rising to the most superior portion of the colon — 
the fle.xures — when the subject is erect, the trans- 
verse colon when he is supine, the rectum when he 
is in the knee-chest position. Since most colonic 
motility is uncoordinated segmental churning of 
the feXd contents for the purpose of their partial 
desiccation, symptomatic disturbances of motor ac- 
tivity tend to be related rather to the infrequent 
mass propulsive waves which deliver the fecal bolus 
to an adjacent and more distal colonic region. The 
same ^es of disturbance which cause motor dif- 
fiadties in the small intestine are also seen in the 
colon— intraluminal obstrucb'on, destruction or pa- 
ralysis of muscle, compromise of vascular integrity, 
pressure from neighboring masses, or infectious 
processes. The colon differs from the small intestine, 
however, in its more successful accommodation to 
these processes, distending to much greater degrees 
without serious symptoms than the small bowel 
can accomplish. In particular, obstructive lesions 
of the left colon characteristically produce gradual 
enlargement of the right colon of astonishing mag- 
nitude, occasionally to the point of cecal perfora- 
tion. 

Defecation Patterns. These have been described 
in Chap. 17. It is still not common knowledge 
among physicians how varied are the defecator}’ 
habits of their fellow citizens, how fanciful their 
interpretation of deviations from those habits. It is 
well to ask the patient to describe in some detail 
what he regards as his normal defecatory pattern, 
with particular attention to time of day or night, 
relation to meals, sensation during actual expulsion 
of stool, and aftersensations. Cardinal symptoms of 
serious disease are the inability to exert adequate 
e.xpulsive pressure, a sense of incomplete evacua- 
tion, an intolerable urgency, and the presence of 
blood or of mucopus in the stools. 

Bleeding. Bleeding from the colon may be oc- 
cult, massive, or of any grade between. Most often 
it is occult, an important early sign of malignanc)’, 
often of the tight colon. Melena and tarry stools 
rarely result from colonic bleeding. Bright red 
blood, either by itself or coating the stools, may 
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originate from any portion of the lower ileum as 
well as from the colon. Bleeding results from local- 
ized lesions such as polyps, Meckel's dh’crlieulum, 
hemangiomas, other tumors, from generalized blood 
dyscrasias, from uremic states, from Inflammatory 
lesions — ulcerative colitis, regional enteritis, bacil- 
lary dysentery, diverticulitis — from divcrticulosis 
on occasion, or from vascular anomalies such as 
hereditaiy telangiectasia. Hemorrhoids are so com- 
mon that their presence can never allow the phj'si- 
cian to abandon the search for other bleeding 
lesions. 

Diagnostic Procedures. Examination of the Ab- 
domen, Careful examination will often disclose 
masses or palpable colonic contents strongly sug- 
gesting more distal nanowing. Colonic outb'ncs 
distended by gas have similar significance in lead- 
ing one to the diagnosis of a more distal obstructing 
lesion. Spasm and guarding in the left lower quad- 
rant are characteristic of an acute diverticulitis; a 
distended loop of sigmoid percussed in tlie mid- 
Imc at the level of the umbilicus may represent a 
sigmoid volvulus. Generalized hypogastric tender- 
ness is associated with acute inflammations of tlie 
colon, the dysenteries and ulcerative colitis, both 
of which may also be accompanied by abdominal 
distention out of proportion to the habitus of the 
patient. 

Digital txaminalfon. This is a cheap and highly 
effleient procedure provided that the finger’s ^u- 
cation IS maintained by steady use. Proper routini- 
zation of this examination should permit recogni- 
tion of perianal, sphinctcric, and ampullaiy lesions, 
gross deformities of prostate and cervix, and per- 
ception of even small neoplastic masses in the 
rectum. Tvvo-tliirds of all rectal carcinomas lie 
Within reach of the inquiring index finger; when 
one considers that these cancers not only account 
for 12 per cent of all gastrointestinal cancers, but 
have a favorable prognosis if removed early, the 
importance of digital rectal examination is easily 
appreciated Examination of the material coating 
the gloved finger on its withdrawal from the lechim 
IS often of diagnostic importance, and all physi- 
cians should form the habit of routine testing of 
the finger specimen for occult blood 

Proctosigmoidoscopy. The proctosigmoidoscopc 
is an inexpensive instrument of extraordinary im- 
portance in the detection of colonic disease. Con- 
trary to the general impression, it is not diJlicuIt 
to master, and it can be introduced into the rectum 
as the examining finger is removed without dis- 
comfort to the patient. As experience accrues in its 
use, tins examination becomes a vxiy informative 
one. The physician should learn to evaluate friability 
of the mucosa, one of the earliest signs of proctitis 
and colitis, abnormal v'ascular patterns, edema, 
ulcerations, and polyps Ninety per cent rX Imnors 
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of the rectum and rectosigmoid can be directly 
visualized with this instrument; 70 per cent of all 
tumors of the large intestine lie witliin the tcrromal 
25 cm of the colon which it can bring into viei*'. 
Tin's area is particularly dillieult to visualize radio- 
graphically', so that the proctosigmoidoscopc is the 
most important diagnostic instniment in this region 
In addition, radiography in the pelvis canics & 
radiation hazard to the gonads which can fre- 
quently be minimized or avoided by making the 
diagnosis endoscopically. 

In addition to the vo'sual inspection of the area, 
bactcriologic, parasitologic, and cj'tologic studies 
can be made on washings obtained through the 
instrument, and biopsy of a suspicious lesion is easv 
to perform. Routino proctosigmoidoscopy of 
patients past the age of forty produces a substantial 
yield of '‘prccanccrous” lesions, since most such 
surveys have identified adenomatous polyps iii 5 
to 8 per cent of these individuals. 

Stool Examination. Stools constitute important 
objective evidence of disease processes; some d 
the difficulties in obtaining them and desaibir’g 
them are discussed in Chap. 17. One must dh- 
tinpiish blood slrcaHng on otherwise normal stools 
from dark stools containing blood, tarry stools from 
the gray-black formed stools passed by patients 
ingesting iron, and most importantly, the Jnflani' 
matory mucopurulent e.xudate passed by patients 
with inflammatory rectal and sigmoid disease frow 
Inie diarrheal stools, hticroscopic ex-imlnalion of 
the freshly passed stool or rectal swab is useful 
only for parasitologic study but for dcmonstratjoti 
of the characteristic exudate of ulcerathe eolftb 
and bacillary dysentery and the presence of mal’S' 
nant cells (Papanicolaou technique). Tests f^ 
occult blood employ gum ^aiac, bcnriilme 
or benzidine dihydrochloride, or orthotolidine. 0i 
these, the modified Cregersen tost using benzidino 
dihyslrocliloride, barium peroxide, and 50 per cent 
acetic acid is the most satisfactory screening test, 
being rougldy five times ns sensitive as the guai-io 
test, ami yet not producing a significant numbof 
of false positiv e reactions. . , 

To summarize, the digital e.xamination shoo'd 
be a routine feature of the general physical 
ination of all adults. Finger specimens obtained 
during the examination should be inspected an 
tested for blood. YVhenever abdominal coropbiu - 
stool abnormalities, unexplained weight lo5S, 
changes in defecation patterns, or a strong fami / 
history of colonic disease are features of the history, 
proctosigmoidoscopy should be carried out. APy 
patioit with anorectal disease should h.ave routiP^ 
proctosigmoidoscopy prior to surgery for the same 

Wren these procedures have been carried oi> • 
it is usually necessary to visuaLze the colon pro<' 
mal to the rectosigmoid by radiologic technique*- 
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Tlie routine barium enema is a very accurate diag- 
nostic tool for the identification of stuiclural ab- 
normalities of the colon; for detection of mucosal 
abnormalities such as small polyps or early ul- 
cerative colitis, it is often necessary to follow it 
until an air contrast enema. The combined use of 
the digital examination, proctosigmoidoseopc, and 
radiologic investigation of the colon will identify 
95 per cent of inflammatory, neoplastic, congenital, 
and vascular diseases of this organ. Negative results 
of these procedures constitutes strong evidence 
that disorders of a functional t)'pe are producing 
S)mptoms. Routine cmp1o)Tncnt of these measures 
in the periodic health cxamin.Ttion of all persons 
ov er fort)' years of age will disclose frequent evi- 
dence of serious disease in an early and treatable 
stage. 

DEVELOPMENTAL DISORDERS 

Malrotalions of the colon produce no disease 
states, hut the abnormal location of Uic organ and 
its attachments (eg., appendix) produces serious 
confusion in the pain reference pattern when any 
of the usual colonic diseases arc present. Barium 
enema studies are usually necessary to identify the 
abnormally placed organ and make possible a 
more rational interpretation of Uic s)'mptom$ and 
physical findings. 

Hcgacolon 

AgangUonlc megacolon, or Hirschsprung’s dis- 
ease, is a congenital disorder manifesting sj-mptoins 
in early infancy, occurring more often in boys, often 
m familial dusters. There is abdominal distention 
occasionally reaching massive proportions; the sig- 
moid colon is the earliest segment to be distended, 
and visible peristalsis is common. The stools consist 
of characteristically very small pellets or ribbons 
of pasty consistency. On rectal examination the 
ampulla is empty of feces, and the anal sphincter 
feels normal. X-ray examination, when properly 
carried out, shows a narrowed lumen in the rec- 
tosigmoid area, with a distended sigmoid colon 
above the constricted area. Swenson and others 
have now established that the nanowed area 
results from a lack of functioning ganglion cells 
in Auerbach’s plexus; this area is thus unable to 
relax in advance of the normal peristaltic activ’ity 
of the colon proximal to it (Fig. 278-1). 

The condition may also be acquired; in Brazil a 
large number of acquired megacolon cases have 
been reported in the aged; pathologic specimens 
show all degrees of degeneration of the ganglion 
cells of Auerbach’s plexus, and in some cases a 
relationship to infection with TTijpanosoma cruzi 
(Chagas disease) has been demonstrated. In a 
small number of patients generalized agangLonosis 
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Fig. 278-1. Aganglionic megacolon: the contracted rec- 
tal segment is seen on the left, the dilated colon oU the 
right. 


of the esophagus, ureters, and colon has been 
described, and thiamine deficiency has been in- 
criminated as the ctiologic agent. 

Tfcolmcnt of this condition is largely surgical, 
althougli a number of borderline cases may be 
carried along on measures designed to empty the 
colon. Definitive diagnosis is made by a rectal 
biopsy deep enough to include the musculans 
layer of the rectum; faOure to find adequate 
numbers of ^nglion cells indicates that the most 
effective treatment is resection of the aganglionic 
segment and a "pull-through” anastomosis to the 
intact anal sphincter. 

Chronic idiopathic megacolon has its onset later 
in childhood, usually at the time toilet training 
begins, is characterized more by constipation than 
distention, and the rectal ampulla is inX'ariably 
found distended with feces. X-ray examination 
shows the entire colon to be distended from the 
anal sphincter ceplialad; no narrowed segment is 
seen, and rectal biopsy discloses the normal com- 
plement of ganglion cells in Auerbach's plexus. The 
treatment is based on cducab'on in normal bowel 
habits, but a long course of enemas may have to be 
carried out concomitantly. It should be pointed out 
lliat water intoxication may occur in small children 
whose enormously dilated colons are vigorously 
irrigated with tap water; saline enemas are probably 
safe. 

Vieerticttlosn 

Saccular outpouchings of the colon are more 
common than those of the small intestine, occurring 
probably in 10 per cent of all persons over fift}' 
y'ears of age. The outpouchings are nearly ahvaj’s 
made up of mucosa and serosa foUon'ing the covirse 
of a nutrient artery perforating the muscularis layer 
of the organ. There is a definite increase in the 
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frwjuencv' of tfio findings ns one follows patirnts 
Into tlie later decades of life; Indeed, tlicre is an 
itiCTc'ftSf in frcfpicnc)’ of divcrtRida in the same 
tndividtial as lie ages. It is probaWe that straining 
at slw! lias some rule in Snert'asing the rale at 
uliicli dncrticub desclnp, since the potential ttm- 
nrl along the nutrient arteries is present in cvery- 
tme. Diverticula arc most frequently found in the 
sigmoid culon, least commonly in the ascending 
tYilon. 

These div crticul » are ocwsionally associated 
vM(h duertictila elscvvlit re In the stom-ach or small 
intestine (see Chap 273); in tliemscKcs they can 
hardly be called pathologic, blit l)»e pecuharificJ 
of their structure arid loc-atiorv provide the liasis for 
two scrums complicaticns 

1. Acute mnainm.7tion of the UiveiticMlar sac, 
knuvMi as divertiailitis (see belnw). 

2 Ilnnorrhagc into the colon. Tliis may occur 
in the absence of an acute dncrlicultlis. allhoiigli 
the nssoctation it much more common. TIic ana- 
lomic basis for the bleeding in tminllimod dKcr- 
ticulosis consists of tlio glomiishke capillary and 
artirlolir \asailar network left unprotected in the 
lumen of the colon when the di\ erticular s.ie pushes 
out along the nutrient artcr>’ of the mucosa and 
serosa In elder patients these vessels, presumably 
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DiSHAsns or onc.w systems 

damaged by contact with hard fecal aggrcgjiti 
may l>c niptured and bleed furiously. Such cJlu 
Ifophes, seen with increasing frcqnrncv ns I’r 
popiibtinn ages, often require emcrgrncj- surgirv 
for tlifjr ampliornlioii. 

Polyposis 

Single poliqis are identified in some 5 to 8 per 
cent of the adult popiil-itlon subjectixl to signtdiilijv 
copy as a routine scieeriing procedure, lliiy ncvTi,- 
more often in men llian in women (2:1) and in- 
crease in frequency with increasing age. In chi- 
dfcn polyps are frequently' large, vascubr, on If^g 
pedicles, and may produce intussusception or njf- 
sive hemonhage. In adiiUs the polyps arc ninte 
frequently sessde, arise from the gbndular cp:t.h^ 
hum of the crypts, and bleed less frequently’. Lea 
often, polyps arising from the surface cpillaliort 
may form villuas masses which secrete wafeq' dis- 
charges rich in potassium. Such villous adenmius 
altliougli infrequent, can lead to watery dhirrhea ef 
remarkable magnitude, but the primary danger tln-y 
pose is their high capacity for malignant transfermi- 
lion. (Probably 75 per cent of tlii-se pnlypnid lu 
mors will become cancers if not totally remiwcil 
fulguralion is usually followed by prompt recur- 
rcncc.) 

Adenomatous polyps, whether sessile or p«5«a» 
culatcrl, have a distribution in the colon wlikh most 
palliologlsts, but not nil. consider to parallel tl-e 
distribution of rectal and colonic cancer. Colonic 
specimens resected for cancer frequently show 
adenomatous polyps in close prosiinity’ to the 
malignant tissue; polyps removed from noncan- 
ccroiij patients have been obsenctl to sho"’ 
grades of differentiation known to occur in the 
progression from benignancy to frank malignancy 
(Fig. 278-2). 

CJiniailly, polyps are usually silent, wien they 
do give rise to symptoms, these arc either infer- 
mitlent episodes of Weeding, manifest or octwh.®' 
of Intcrmilfcnt obstruction. TTie hitter occurs when 
a large sessile polypoid mass weakens Use wall ti’ 
which it Is attached or a pcduncnbfed polyp 
flips caudad, causing llie wall from which it arises 
to buckle. In cither case a partial intussusecpUcn 
may result, with the producHon of crampy 
occaslonaJly an abdominal mass, and often a blowy 
exudate. 

Treatment of poly-ps in adulu is influenced^ 
the fear of Uielr mab’gnanl transformation. Tm 
diagnostic sigmoidoscopy which idcnliflcs adowu- 
Imu polyps will often permit the fulguration of 
cichwm of small lesions. L.argcr Icsioivs, eff vihiau 
adenom.is, or lesions n!)ov-e llie reach of Iho 
mnidoscope will require laparotomy and reseefinn 
of the involved bowrl. Inspection by sigmoidos^-'' 
at the operating table of uie area above and brhnr 
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the resected bo«el will often ^e^■cal hitherto un- 
recognized lesions, although it should be said that 
often small polj-ps readily demonstrated by barium 
enema prove hard to find in the operating room. 

Sufficient information is now' at hand to disclose 
the remarkably high incidence of recurrence of 
adenomatous polj'ps after fulguration and excision. 
Approximately 40 to 50 per cent of patients who 
ha\e had polyps removed from the colon and 
rectum will develop new pol)'ps in ibe decade 
following the polypectomies. Although most of 
the new polyps will be of the same tjpe as the 
original poljps, about 15 to 20 per cent of the 
new- poljps will be malignant when the original 
pol)ps were benign. 

Multiple congenital polyposis of the colon, in- 
herited as a simple dominant gene and thus char- 
acterizing many members of the families affected, 
IS a disorder in which many adenomatous polyps 
are found from ileocecal vaKe to anus (Fig. 278-^). 
These usually give rise to some symptoms. usuaBy 
diarrhea or bleeding, but once such a disorder 
has been identified in a patient, *t is imperatwe that 
the entire family be examined sigmoidoscopically 
and radinlogically to delect the characteristic 
polyps. The probability of malignancy supcr\*cning 
in these polypoid colons is so high that present 
reasoning requires each sufferer from this disorder 
to have a total colectomy; since sigmoidoscopic 
follow-up can be effccliscly and easdy carried out, 
some surgeons elect to perform ffeoproctostomy, 
leaving the rectum intact. 

FXJNCnONAL DISTURBANCES 
Irritable Colon Syndrome 
This name is applied to a triad of s)'mpfoms — 
abdom}n.-il distress following the colonic distribution 
of pain, variations in defecatory habits from con- 
stipation to diarrhea, and the passage of stools 
which are of small caliber at the time abdominal 
distress is at its worst. The stools may be bard 
and pellet-like, or soft and past)-, but they arc 
characteristically of smaller size than when the 
patient is not complaining of distress. The physio- 
logic basis for most of these S)mptoms has been 
dealt w'itli in Cliap. 17. 0>er the years many dif- 
Icrcnl terms have been applied to this S}*ndnnne: 
some, such as “unstable colon” or "colonic neuro- 
sis,” stress the anxiety which cliaracterizes those 
patients; others, like "spasUc colitis,” lay emphasis 
on the pain and distress experienced by these 
patients; still others, such as “mucous coL'tis,” de- 
scribe the increased mucus content of tJic stools 
and the pain which is usually relieved hy defeca- 
tion. In its milder forms the sV'ndromc is extremely 
common, lacing more frequently seen in women 



Tic. 278-3. Multiple congenital polyposis of llw entire 
colon. 


aged fifteen to forty-Bve, but commonly observed 
in both sexes under conditions of emotional tension. 
Constipation, with pain in the left low-cr quadrant 
relieved by defecabon, is the commonest sjTnptom 
when the disorder is mild. Extremely severe pain, 
diarrheal stools accompanied by much mucus, and 
various degrees of generalized disability arc much 
less common and cany a rather serious prognosis, 
patients with such complaints being se\-crely psy- 
choncurotic. Vasomotor instability and disabling 
headaches are frequently noted to occur in m.iny 
patients even when the colonic symptoms arc 
minimal. Aerophagia is a frequent accompaniment 
of the attacks, the swallowed air producing further 
difficulties when irregularly handled by the "ir- 
ritable” colon. Bloating, borborygmi, cxploshc 
ilatulcncc, and low backache are often described 
during the days or weeks wlien the sjmptoms arc 
at their worst. 

On physical examination these patients arc anx- 
ious, often S'veaty, but otherwise normal. During 
intense pain the abdomen may be distended, but 
no visible peristalsis is noted, tiie abdominal muscu- 
lature is rekaxed, and in the left lower quadrant 
a lender sigmoid full of feces may be palpated. 
Charaetcnstically, the rectal ampu]l.i is empt)' of 
feces, rroctoscopic examination usually is entirely 
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ijormal or may s^ow prominent %-a$cular patterns 
in an olhmv'isc unrcmarkablo mucosa. Large 
amounts o( clear muevss ate frequently encountered 
during the examination, and there Is often diffi- 
culty in negotiating iJic rectosigmoid cur\'e at 13 
to 13 cm from the anus because of \1cdenl spasm 
of the rectosigmoid. 

Tlic diagnorit of the irritable colon S)’ndroine is 
suggested by tlic length of the history uitliout 
obsMius Signs of pbj’sical deterioration, the intermit- 
tent character of the disability, and Uie rebtlonship 
of distress to periods of cnvIronmcnLil or emotional 
stress. Ncr-crthc!css, each p.itient presenting such 
sjTnploins deserves not only careful history hut 
also a complete ph}-sical examination induding 
pitKtosigmoidoscopy, stool examinations for blood 
parasites and pathogenic hactcria; a batmm enema 
is nho indicated. The radiographic study senes 
to nJe out other lesions, since there arc no findings 
diagnostic for this syndrome, although spasticity 
of the sigmoid, accentuated haustrations, and tubu- 
bar descending colon may be obsorvctl if tlic patient 
ll liavang n-mploms at the lime of tlie examination. 

The r/iycrnitiol diflgiUMh includes nil disorders 
of the colon, female genital tract diseases, regional 
entiTills, in.alignancics of stomach or pancreas, and 
those common disorders which are often associated 
vvltli the irritable colon— gastric and duodenal 
ulcer and cholehthiisls. 

Treatment of the irritable colon ^•ndromc is that 
of any chronic aaxlety neurosis with mote specific 
ijTnptomallc jncdiwtion. Tlic relationship Ik tween 
pitinit and physician can Iw established on the 
flnn gruunds of rcas-iurancc that the syndrome tlocs 
not lead to the development either of ulcerative 
cohtJi or colonic malignancy, ahliough H should 
Ik- stated tlat it confers no protection against these 
cvcniuahtks. rrom this point (he patient should 
reciive a sympathetic car from the physician os he 
talks over the circumstances surrounding the onset 
of bis symptoms and those cluraetcrWng his pres- 
ent (hihcuiticM. Attempts should be made to dis- 
cover in what way situational and emotional 
stresses dilTer when symptoms arc present and 
when thty arc absent. Tlic cmph.isis Is placed on 
the patient and Ills relationship to others in his 
env ircuiment rather than on the symptoms and long 
d.'cuvsions of wliat is “normal” bowel physiology. 
Hepeated x-raV ex.aiiiinaHons are avoided in so far 
Rs ptissibic. iJut gmeral pfiysical examinations, 
hcniogr.ims. and stool examinations are carried out 
at ivgiibr intcrvalj. 

During the acute ntfackr i( Is generally' licst to 
hmit the diet to frequent bland feedings, with 
e"vp’.asiv tqvjn ivUUvcly even temperalwrcs «»f 
li'pmU Mans p.ttieuls find swert whole milk trou- 
biesorm' at llii-se times; slimmed milk, Inittrnnilk, 
a-id ilneses arc lutttr tolerated. The cabbage and 
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tumip families should be avoided, as well as coSre, 
alcoholic drinks, and tobacco. Bulk laxatives env 
ploying rlanlago oeala powders are often tematb 
ably' helpful. Other la.xativcs and cathartics are best 
interdicted. Fecal impaction is n very Infrequent 
complication of this syndrome unless the piUmt 
has taken to his bed une.xpcetcdly for some dis- 
order which prevents his customary posture at 
stool. 

Medications of proved x'alue include antispis- 
medics of the anticholinergic ^pc; it is unlilfly 
that any of those available arc as effective in con- 
trolling colonic motility as they are in dccreasinj 
the tone of the stomach and small intestine, sad 
it IS necessary to push the do-vage to the point rf 
dry' mnutli or blurring of visual accommodation. 
Sedation with phcnobarbital is probably as satis- 
factory ns vva'th various tranquiJizing dnigs, doso 
of 15 to 30 mg three to four times a day Kmg 
adequate. For the temporary control of severe 
diarrhea, the combin.ation of an anticholinergic 
drug with deodorized tincture of opium (8 to 10 
drops in water four or five times a day) is vciy 
satisfactory. 

Constipation and Urgencif of Hectal Origin 

In Chap. 17 the meeh.inistn of defecation Is dj- 
cussed. Disorders involving the sensory or motor 
components of Oils meelmnism may arise from 
destruction of the nerves subserving these 
lions, from invasion or inflammation of ffie reetosig* 
moid itself, or from central nervous system dys- 
functions based on conditioning abnormalities w 
structural disorganiz-ntion. If the afferent stimulus 
from the rectal wall cannot reach the brain, or «i 
upon reaching it, no efferent action occurs, dcf««' 
tion is not initiated. If defecation Is inithted, but 
muscular power is lessened or lost, the net is not 
carrict! to completion. If all anatomic pathways are 
intact, but lubitual neglect of (he nfferent Impuhrs 
is established, defecation is not initiated. The re- 
sult of all these disorders, regardless of etiology, j* 
(aibnc of the rectum to empty its contents, .\ccofd- 
Ingly, plivsical examination of such patients reve^ 
the reclai ampulla to be full of stool, often to me 
astonishment of the patient. 

Asulc from dcgencraUve disease of the central 
nervous system, sevTre psychoses, the use of 
glionic blocking drugs, and morplune addiction, the 
commonest cause of this type of rectal or "simple 
corutipation is voluntary suppression of the deb"^' 
lion reflex. Such inhibitory' activity is essential m 
the daily routines of civilized society; dnonlnt 
bowel Ii.ibits are llicrcfore very* common in n'l' 
lutd bfe, TolU'l training in infancy leads to a 
powerful development of tbese inhibitory ncti'^'^ 
rejJcaUil experiences in suppressing defreiitiou 1*- 
causc of socul impropriety, unaccintornetl sunoic 
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ings, uncomfortable commodes, or intcrcurrcnt fac* 
tors lead to a habit pattern in which suppression of 
defecation becomes simpler than its achievement. 
^Vhen constant distenb'on of the rectum with feces 
becomes liabitual, anorectal disorders, in particular 
hemonhoidal itching and bleeding and anal fis- 
sures, mahe defecation painful, thus reinforcing the 
inhibitory impulses. The next step for tlie patient 
is the use of Jaxati\’es, which soon becomes as 
much a constant feature of the regimen as is the 
voluntary suppression of defecation. 

Treatment. The principal bulwark of therapy for 
rectal constipation is education. The chain of 
events leading up to the ineffective rectum is evalu- 
ated by careful physical examination of tho status 
of the abdominal musculature, neurologic defects, 
drug effects, postural abnormalities, and accom- 
panying local lesions of the anus and rectum. Such 
lesions as can be treated are taken care of, but tire 
therapy may take a long time, and usually must be 
canied out concomitantly with efforts to modify 
anal sphincterio spasm when it is present. Atten- 
tion to regular habits of diet and time of defecation 
is most important; although defecation for most 
persons is best accomplished following meals, par- 
ticularly breakfast, in these patients it is more im- 
portant to select for evacuation whatever time is as 
free as possible from the pressure of daily cx'ents. 
Habit patterns of many years’ standing may have 
to be (utered, one may need to force the patient to 
get up earlier in the morning, to take some form 
of physical exercise— for older patients walking 
briskly outdoors is often helpful— to abandon the 
usual laxatives and cathartics, to pay more atten- 
tion to defecatory urges fwathout becoming exces- 
sively bowel-conscious), and to space out the work- 
day in such a way as to honor these urges when 
they arise. 

The elderly patient may be feebly motivated to 
make such sxveeping changes; under such circum- 
stances one must proceed cautiously, making sure 
impactions are broken up by' the physician's finger, 
that oD retention enemas at night are utilized, dial 
sigmoidoscopy above tlie impaction reveals no 
tumor or divcrtfculitic encroachment on the lumen. 
The use of hydrophilic colloid laxatives or enemas 
of tap water may be required for the remainder 
of the patient’s life, if motivation for more drastic 
alteration of living, eating, and defecatory habits 
cannot be stimulated, or if poor musde lone, diffi- 
culties in ambulation and in achieving a comforta- 
ble posture at stool, or cerebral arteriosclerosis are 
major factors. 

As described in Chap. 17, the presence of unac- 
customed fecal masses in the rectosigmoid may 
produce rectal urgency in the patient who has al- 
ways had normal defecatory responses to such 
masses. Sudden onset of rectal urgency in a previ- 


ously healthy person demands immediate investiga- 
tion. Usually it is seen in young adults required by 
emergency surgical indications to lie very still in 
bed (classically, in ophthalmologic, orthopedic, or 
neurosurgical disorders); intolerable urgency ac- 
companied by the passage of watery exudate of 
smaU quantity suggests that an impaction has oc- 
curred. Severe urgency accompanied by the fre- 
quent passage of an exudate rich in hlood, pus, or 
mucus usually signifies the presence of an acute 
proctitis (see below). 


INFLAMMATORY DISORDERS 
Aculc Diccriiculith 

Acute diverticulitis is an acute inflammation of 
colonic diverticula, the origin of which has been 
described above. (Inflammation of a Meckel's di- 
verticulum has been discussed in Chap. 275.) The 
causes of the acute inflammation of single or mul- 
tiple diverticula usually are meclranical, related to 
the plugging of tlie neck of the outpouching by 
undigested food residues. Under such conditions 
the blood supply to the thin w.ill of the diverticular 
sac, made up of mucosa and serosa only, is easily 
compromised, and colonic bacteria can invade 
these tissues and produce a purulent reaction. Mild 
attacks of this type arc probably quite frequent in 
the elderly population; dislodgmcnt of the ob- 
structing plug by the increased pressure in the sac 
is foUowM by evacuation of its contents into the 
bowel lumen, thus resolving the process unevent- 
fully. When tlu's does not occur, however, the 
purulent sac enlarges and causes an inflammatory 
reaction in neighboring structures, including the 
colonic wall. As this latter becomes edematous, 
other diverticular necks are blocked, and a number 
of adjacent diverticula become the site of abscess 
formation. If no other egress is afforded, and the 
process enlarges, the sacs may rupture into otlier 
hollow viscera to which the inflammatory reaction 
has attached them; fistula formation follows, most 
frequently into the bladder in men, into the blad- 
der and pelvic organs in women. Not only is diver- 
ticulitis of the colon more common in men, but it 
is at least three times as often encountered in the 
descending colon as in tlie right colon. This is prob- 
ably explainable because of the higher intraluminal 
pressures developed in the sigmoid and rectosig- 
moid, the less fluid character of the fecal contents 
in this area, and the anatomic fixation of the organ 
at the apex of an intraperitoneal pressure cone 
during defecation. 

The clinical features of acute diverticulitis are 
lower abdominal pain, made worse by defecation, 
and the signs of peritoneal irritation— muscle 
spasm, guarding, fever, and leukocytosisTTV 
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caw* has long been called “left-sided appendicitis," 
uilli good reason; diverticulitis of the transverse 
colon or ascenduig colon, although less conunon, 
presents similar findings, sndi a process in the cecal 
area may be impossible to distingvnsh fTonv Irwe 
appendicitis. The attendant spasm of the colonic 
VV. 1 II in patients with diverticulitis usuallj produces 
constipation, the stools may be fluid or pasty. 
Hrtfal bleeding occurs in onc-fourtl» the cases of 
sigm<iid diverticulitis, and is usually gross. Occa* 
Monafly it is massive and hfe-threatenmg. As the 
process develops, the inflammatory reaction pro- 
duces a lender mass appreciated on abdominal 
c'cammalion; behind the obstructing mass partial 
large bowel obstruction may develop, and in low- 
grade or recurrent diverticulitis the entire picture 
cannot be distinguished from that due to a recto- 
sigmoid carcinoma. 

The differential rfi/rgnosii is principally that of 
neoplasm in the area of known or detected divertic- 
ulusis. Troctoscopy may show an aaitely inflamed 
mwcosA pushed into the lumen by aiv c’ctnnsvc 
mass, it IS usually impossible to force tlic instni- 
nn.nl through the spaslically contracteil lumen 
Cytologic studies of rectal exudate may show car- 
cinoma cells. Hadiologic findings on barium enema 
may be diagnostic (sec Fig. 278-4), but often the 
distortion of the area by Uic inflammation prevents 
n clear distinction between cancer and diverticu- 
litis Tlio same difliculty confronts the surgeon at 
operation; lie sometimes cannot make this dtslmc- 
Uon even when looking directly at the specimen. 
Occasionally it patient presents with generalized 
peritonitis, acute par.ilytlc ileus, and shock Dif- 
ferential diagnosis here is that of any ruptured 
viscus, or of any intraalidomitiil catastrophe pro- 
ducing such manifestations-— acute pancreatitis, 
mesenteric infarction, mechanical forms of inlcs- 
lin.il obstruction, or acute pycloplilebitis. 
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T rcaitnent in the usual case comprises U d rest, 
heat to the lender abdominal area, and the ailmin- 
istration of antibiotics, usii.illy penicillin plus tcln- 
cyclinc or chloramphenicol. IVarm eottonsccil oil 
enemas and a very soft diet complete the manace- 
ment of the mild ncule attack. Once the atbd is 
over the patient is cautioned to avoid eating nuti, 
seeds, and fibrous foods, and any couslipalion fa 
treated as described previously. 

Tlie pmicipcd danger of such repeated attacks is 
the development of fistulous tmcls between (in 
diverticula and neighboring structures, in partirii- 
lar the bladder and vagina. Tliesc are extremdi 
diQicult to manage surgically. A preliminary colos 
tomy has to be created before any attack on tin 
primary' disease can be undertaken: the ensuinj 
postoperative period m.ay be prolonged, numerous 
surgical attempts may have to be made, and the 
genera! health of the p,ttient may deteriorate, tliio 
preventing adequate healing 

Boc.ause of the dangers of such complications, 
as well as the possibility of peritonitis and acute 
perforation, current opinion is in favor of primary 
resection of the divcrticiilitic segment of colon if it 
1 $ subject to recurrence of the disease despite ade- 
quate medical man,igcinent. 

Chronic \onspeei/ie Uleeralicc Collth 

This disorder or group of disorders Is characteo 
ized pathologically by an indvintnatOTy tcactirm 
involving the mucosa and submucosa of the colon 
and/or rectum, not ascnbable to mvosion of tlie« 
tissues by speeifle bacteria, parasites, or virusor 
Hie clinical expression of the inflammatory re- 
sponse is the passage of an inflammatory exudate- 
blood, pus. Cbrin, and mixtures thereof— into 
lumen, where it may coat an otherwise nomw 
stool, be admixed with unformed stools, or he 
excreted as a pure exudate. The absence of para- 
sites (Cndotnocba hhtohjtica in particular), hac- 
tcria (of the genus Shigella or Subnonrlla in 
particsilar), mycobacteria (Mijcohadcritim luhcr- 
culosh in particular), and the virus of lyriiphv- 
granulom .1 venereum in stools, rxiiikites, or hiopsic's 
of llie colonic mucosa sutjgcsfs the diagnosis, a' 
though certain clnractcrislic findings allow Uu 
expcnenccsl physici.xn to cl.xssify the disorder 11 
the idiopathic group despite the presence of these 
or{?ini$ms. _ , 

The disease is world-wide in distnbufion, 8- 
though there arc marked difTcrcnces in if’*-* 
purt^ frc*iucncy from country to counhy. Tw 
reported mortality from the disease is ' 

similar in the United Stales. Canada, and Df"- 
xnackv about 0 » per 100.000 popuhilion- It is rn'i ‘ 
higher in England and 'Yales, and distinctly lower 
in Norway, All ages ate affected, from infancy 0 
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die ninth decade, and both sews are afFected ap- 
proximately equally; the greatest number of cases 
is recognized between the ages of fifteen and forty. 
In the United States die disease is more common 
in the city than in die country, in the north than 
in the south, in the wards of private voluntary hos- 
pitals than in those of city and county hospitals, 
among those of bettcr-than-average incomes and 
educational backgrounds. As with regional enteri- 
tis, the frequency with which the disease is seen 
in the United States in those of Jewish faith is 
three times the expected incidence; the disease is 
about one-third as frequent among Negroes as 
among wliitcs. A family liistory of ulccradvc colitis 
can be elicited in 5 to 10 per cent of all cases. The 
number of reported cases is highest where the 
reported frequency of shigellosis and salmonellosis 
IS least. There is little doubt that it is becoming 
increasingly frequent, so that it now constitutes one 
of the most commonest forms of se\’ere chronic 
durrhea encountered in American medical prac- 
tice. 

Etiology and Pathogenesis, There is no hnown 
single cause of ulcerative proctitis or colitis. Not 
only are no specific ^iruscs or bacteria associated 
with its onset, but no other disorders— irritable 
colon syndrome, long-standing constipation, attacks 
of g.istrocntcritis— seem to predispose the patient 
to the later development of ulcerative colitis. The 
amount of mucosal destruction noted in the disease 
has led to emphasis on the proteolytic quality of 
the fecal contents or the secretions of the bowel; 
over the years such a proteolytic enzyme as ly- 
sotyme has been shown to Increase in concentra- 
tion in colonic inflammatory exudates paralleling 
the degree of inflammation, but not .at the time 
of onset of the disease, prior to the occurrence of 
the secondary infection so commonly noted in all 
progressive cases. A filtrable proteolytic factor from 
the stools of patients with ulcerative mhtis which 
IS capable of producing acantholysis in formalin- 
fixed human skin was studied by Stoughton; more 
recent evidence discloses that the same factor is 
found in diseases otiier than ulcerative colitis. Ex- 
ogenous food allergy is not generally regarded as 
of etiologic significance, nor do various nutritional 
deficiencies play a causative role. 

The primary pathologic lesion in this disease is 
not understood. For-advanced lesions removed Ity 
colonic resection or at autopsy show varying de- 
grees of abscesses in the crjpts of Liberkuhn and 
some degree of vascular injury, expressed as throm- 
bosis, hyaline change, or perivascular inflammatinn. 
Some pathologists believe there is evidence of de- 
fective epithelial regenerabon. Specimens removed 
from less lU patients by rectal or colonic biopsy 
show principally an intense inflamnmtory reaction, 
acute, chronic, or mixed; in early acute cases the 
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lamina propria is often full of eosinophils, the base- 
ment membrane of the glandular epithelium is dis- 
rupted. and the goblet cells appear abnormal. In 
recurrent cases of longer duration, such biopsies 
often reveal plasma cell infiltration, small granu- 
lomas, dilatation of lymphatics, and vascular 
tlirombosis. 

In all stages of tlie disease, however, small ab- 
scesses just beneath the mucosa are seen breaking 
through the epithelium, leaving an ulceration. The 
nature of the exudate seen in the colonic lumen 
reflects accurately the primacy of this ulcerativ’e 
process, which spews forth blood, pus, fibrin, and 
mucus. As the disease waxes, wanes, and becomes 
chronic granulomatous responses, plasma cell inva- 
sion, histiocytes, and ciypt abscesses arc seen. The 
mucosa and submucosa take on the general charac- 
teristics of granulation tissues — telangiectasis, fibro- 
sis, conversion of columnar to cuboidal epithelium, 
and disappearance of the crypts. As this process 
becomes generalized, the total colonic hulk shrinks, 
is replaced by fibrous tissue, and the mucosa ex- 
hibits the characteristic pseudopolypoid appear- 
ance of normal or abnormal mucosa projecting 
from the diseased bowel. 

Attempts to produce experimental idccralivo 
colitis have employed chronic overstimulation of 
the parasympathetic nervous system, postganglionic 
splanchniccctomy, inoculations with many different 
Iwcteria, and a variety of hypenmmunizing sys- 
tems. All these have been followed Irregularly by a 
hcmorriwgic colib's which resembles to some de- 
gree the human lesion. 

The systemic effects of llie disease in patients 
carefully followed for a number of years, plus the 
tissue eosinophilia and granulomas, have led many 
investigators to postulate an autoimmune origin 
for the disease, but at this writing no such hy- 
pothesis has been proved. Nevertheless, circulating 
antibodies to colonic antigen have been demon- 
strated in an appreciable percentage of patients 
with chronic ulcerabve colitis, and it is possible 
that this concept may prove to be the most fruitful 
lead yet uncovered to our understanding of the 
pathogenesis of the process. 

Hay fever, asthma, and drug sensitivity seem to 
be more common among these patients than among 
controls. 

Classification. Ciinicai classifications of ulcerative 
colitis have been based on the presenting features 
— these depend on the area of the colon or rectum 
involved — and the acuteness of the inflammatory 
process. Thus a sudden actile ulcerative prort//ij 
inwlving the lower rectum might be manifest 
soldy by a bloody exudate on otherwise normal 
stools, unaccompanied by fever, anorexia, or any 
signs of j^’stemic toxicity. Proctoscopy reveals an 
intensely red and edematous mucous membrane 
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the normal %asailar pattern completely disappear- 
ing from Mew until the proctoscope reaches 10 to 
12 cm from the anal margin, at which point all 
inflammatory changes subside. The intense friabil- 
ity of the in\olved mucosa, bleeding at the slightest 
toucli of a cotton swab, cannot be Identified above 
this point; biopsies from tlie iinolvcd and unin- 
volved areas are strikingly different. If tlie proctitis 
is most active in the upper rcctum» intolerable 
rectal urgency may he the presenting sign. Under 
such circumstances the rectal mucosa may not ap- 
pear so abnormal near the anus, but reaches its 
most friable and edematous appearance at 5 cm or 
so from the skin, abruptly receding at 15 cm, so 
that the visible rectosigmoid appears normal. 

Patients with this type of ulcerative pioctitis 
have been considered to differ from those patients 
vvhdse colons arc the site of disease, although the 
appearance of the lesions in the rectum via proc- 
toscopy and on niicroscopic inspection via biopsy 
cannot be distinguished. It is generally agreed that 
tlie course of the disease is definitely milder, sys- 
temic symptoms being absent, and response to local 
therapeutic measures more gratifying, but recent 
follovv-up studies suggest that tlicse patients fuavc 
the same familial aggregates of coblts, similar age 
and sex distribution, and similar types and degrees 
of personality maladiustmcnts It is the feeling of 
most authorities in the field that at least 10 per 
cent of these patients will develop the complete 
clinical picture of ulcerative colitis. 

Acute uIccraUi.e colUis is the term given to an 
acutely developing pancolitis, characterized by 
toxidty, fever, abdominal pain, distention, and 
tenesmus. The sigmoldoscopic picture shows uni- 
form mvoKement for the length of the instrument 
(25 cm); the mucosa bleeds easily and is covered 
by a purulent exudate full of neutrophils and 
eosinophils. Wien the rectum and rectosigmoid 
are both involved maximally, as is most frcijucntly 
the case, diarrhea and tenesmus are usually pres- 
ent, and the sigmoldoscopic appearance is similar 
tluoughout. The muscular contractions of llic sig- 
moid mahe sigmoidoscopy above 13 cm diificult to 
perform, ulcerations are usually quite evident un- 
der the exudate one swabs away, and friability is 
estreme. 

As a general rule, the larger the area of involve- 
ment, the greater the s)’slcmic tovidty, the more 
diffuse the cramps, and the more abnormal the 
stools Exceptions are not rare, however; an ulcer- 
alive pancolilis from the ileocecal valve to the anus, 
demonstrable by banum enema in terms of innu- 
merable ulcerations, spasm, and contraction, may 
rarely be accompanied by little clinical cvidimce 
of active inflammation, conversely, some patients 
are prostrated despite the involvement of only a 
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few inches of colon in a segmental or regional 
cohtic process. 

The clinical course is sometimes used as the 
basis for classification of this disease, but this is, 
n.itural!y, not known when the patient is first sera. 
Tlie only rationale for this is to characterize those 
few unfortunate patients who suffer from fulminant 
ulcerative colitis; in these the disease is raaidmal at 
its onset, and literally overwhelms the patient with 
the dissolution of his colon, massive colonic hemor- 
rhage, or generalized sepsis Such patients, ac- 
counting for perhaps 1 per cent of all cases of the 
disease, either die within 1 to 8 weeks of the onset 
or survnvc emcrgcniy colectomy and ileostomy. 

Chronic Intermittent Colitis, Tlie course of the 
disease is unpredictable, but tlie majority of pa- 
tients h.a\e a chronic intcnniltenl colitis once the 
initial episode has been vveathered. As deScriW 
above, of this group tlie majority presents with chs- 
ease localized in the descending colon and rectum; 
no evidences of toxicity m.ay ever be noted. 3"^ 
blood on the stool, rectal urgency, and the charac- 
teristic proctoscopic findings may constitute all die 
evidence of disease. For most patients the inJUal 
bout IS accompanied by fever, malaise, enoresiai 
and weight Joss, the stools contain blood befi»« 
they become unformed. Cramping abdominal pitJf' 
aggravated by eating, severe urgency, and tenW* 
mus arc more prominent than nausea and vofflitiag 
If properly managed medically, such patients 
dergo a slow subsidence of symptoms over a period 
of weeks or months, usually a definite remission or 
months or years ensues before another exaecrho* 
tion comes on to plague them. The recurrence* 
may be as severe or more severe than the origii^" 
bout and may follow an upper respiratory infecHo’’ 
or an emotional upset. The succession of remissjO'’* 
and exacerbations ov-er the years often results in * 
prematurely aged appearance of the pitient, m I"® 
production of damage to other organ systems, m 
conditioned malnutrition, and in severe depressii"’ 
Specific complications are considered below. 

About 10 per cent of all severe cases ha'® ® 
scgmcnffll or regional cohtis in wliich the disea^ 
is confined to an area above the rectosigmoid, t ® 
sigmoidoscopy being normal or roinim^ly abnc*’ 


Ileocolitis. Ulcerative cohtis may predominantv 
involve the ascending colon, as a form of "rcgio'’ 
colitis"; occasionally it will lilso Inv'ade the 
ilcum to produce an ileocolitis In which the P” 
maiy pathologic lesion is that of ulcemtive 
i.c., tlifnning of the submucosa, ulceration of 
mucosa, and dilatation of the lumen. On the o 
hand, as noted in Chap. 275, regional enteritis / 
involve tlie ascending colon, the patliologic 
being identical in both organs, i e , hypertrOp / 
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of the siibmucosa, minimal ulceration, narrowing 
of the lumen, and enlarged mesenteric nodes. An 
acute form of ulcerative colitis involving ileum and 
ascending colon has been described. 

If the ileum and ascending colon are ulcerated 
and tliinned, there may be abnormal motor and 
absorptive function of the ileum, with production 
of steatorrhea. A few of these cases have severe 
systemic complications and are more prone to 
hepatic abnoimalittes. Pseudopolyposis is less fre- 
quent than in other forms of ulcerative colitis. 

Psychologic Features. The psychologic fcahires 
of patients with ulcerative colitis, although largely 
Ignored in the medical literature prior to 1932, 
have enlisted intense interest in recent years. It is 
probably correct to say that a larger proportion of 
patients wth ulcerati\‘e colitis resemble each other 
ps)’chDlogically, and even physically, than is the 
case with many other chronic disorders. The pa- 
tients who fall into this category are juvenile in 
appearance, hostile and depressed, guarded in their 
relationships with physicians, and very easily 
wounded by verbal and attitudinal disparagement. 
They seem to maintain their interpersonal contacts 
only by devious and tenuous means, erecting a 
tern of interdependent relationships which seem 
preposterous to the physician and disheartening 
to the psychiatrist. On the other hand, nearly half 
the patients with this disorder cannot be distin- 
guished from the general population; these sub- 
jects have a resilient personal and work history, 
often have been successful at school, trade, or pro- 
fession, have maintained strong interpersonal at- 
tractions and defenses, and to the careful historian 
present many facets of character wliich provide 
clear guides to proper supportive psychotherapy. 
The disease itself, however, with its chronicily, re- 
lapses, and remissions and cost in time and money, 
usually, is associated in all patients mth some 
degree of depression and anxiety, and these reac- 
tions influence both the course of the disease and 
its therapy. 

Laboratory Studies. These comprise radiologic, 
chemical, and bacteriologic techniques. Sigmoidos- 
copy usually makes the diagnosis, but the barium 
enema is employed to determine the extent of the 
lesions abo\ e die reach of that instrument, to iden- 
tify regional or segmental disease when the sig- 
moidoscopy is negative, and to follow the course 
of the disease and detect the presence of complica- 
tions. No formal preparations are needed before 
sigmoidoscoping a patient with ulcerative colitis; 
for the barium enema any preparation more violent 
than a low-pressure warm saline enema is best 
avoided. It is important to obtain good delineation 
of mucosal relief by the barium enema; air-contrast 
studies are lielpful if the patient is not too sp.astic 
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colon. 


to prev’ent a successful visualization of pseudo- 
polyps and other abnormalities often overlooked in 
the routine examination. 

The radiologic findings in the disease may bear 
little relationship to the clinical seventy or course 
of the patient (Fig. 278-5). Characteristically, in 
early ulcerative colitis imtabihty of the rectosig- 
moid is combined with demonstrations of hairline 
projections of barium from the wall of this spastic 
area; more irregular serrations and even ilask- 
shaped ulcerations may be seen as the disease 
progresses. The entire colon is abnormal on barium 
examination in a large number of patients, even 
though their symptoms may be minimal or con- 
fined to the rectosigmoid. In patients with fulmi- 
nant colibs, or 5n aged persons who display rather 
marked lack of resistance to the process, the entire 
colon may be dilated — so-called "toxic megacolon.” 
In long-standing disease the entire organ may ap- 
pear contracted, irregular, with a totally disorgan- 
ized mucosal pattern. Pseudopoljps, which may 
occasionally be visuah'zed sigmoidoscopicaliy, more 
often are in the descending and transverse colon 
and seen only in the barium enema (Fig. 278-6). 
The terminal ileum may be involved in an ulcera- 
tiTC proc«s which renders it dilated and patulous 
in contrast to the constnoted lumen noted in ra- 
gional enteritis. Localized masses may be fecaliths, 
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Fie. 278-6. Pseudopolj^JoslJ of ihe entire colon second- 
ary to chronic ulcerative colitis of 12 years* duration. 


localized constrictions, or carcinoma of the colon, a 
recognized complication of this disorder. When Ae 
right side of the colon and the terminal tieum bear 
the brunt of the disease process, a small intestinal 
b.arlum scries is mandatory to ini’cstigatc the jeju- 
noileal area. 

Chronic interrmtlent forms of coUlis arc Iden- 
tified primarily by history and radiologic abnor- 
malities, as abo\e described. On si^oidoscopy 
these patients usu.ally show at oil times the scars 
of their disease, presenting an abnormal mucous 
membrane which bleeds very easily, has lost its 
normal vascular patterns, and may \ar)' in con- 
sistency from an edematous beefy iniolvemcnt of 
superRcial submucosa and mucosa to a leathery 
Molaccous colonic wall, studded uitli scar tissue 
and pscudopolyps. Characteristically tlicre is a 
fibrinopuruicnt exudate present, and broad flat 
ulcerations may be seen biopsies in this stage usu- 
ally reveal areas of granulation tissue, containing 
very few ciypts, the lamina propria Is tluckcncd 
and infiltrat^ witli plasma cells and lymphocytes 
Small blood vessels are prominent 

Strictures of the rectum are frequent in the long- 
standing case, being encountered just inside the 
anus or about midrectum. rerianal suppurative 
processes are common; both perirectal abscesses 
and fistula in ano derive from the piolongerl snp- 
piirative involvement of the rectosigmoid 


Differential Diagnosis. This includes the follow- 
ing entities; Specific colonic infections are iden- 
tified by culture and examination of the stools or 
rectal exudate and by sigmoidoscopic appearance. 
Amebic disease characteristicaUy presents as deep 
ulcerations in an otherwise nearly normal mucosa, 
which is not friable or granular. Swabs or biopsies 
from the edges of these ulcers gh'e a good yield 
of tile trophozoites of Endamoeha histolytica; the 
exudate contains few neutrophils but much franV. 
blood. Sacillanj dysentery can present as an acute 
ulcerative colitis; the exudate is very' rich in neu- 
trophils, but friability is not striking in the rectum 
Ctdtural identification of the organisms makes the 
diagnosis. Tuberculosis involves the cecum and 
ileum, if ulcerative it is usually associated with 
active pulmonary tuberculosis; if hyperplastic it 
produces obstnictive symptoms rather than blood)' 
diarrhea, and the sigmoidoscopy is negative 
Lymphogranuloma venereum can rarely produce a 
mild acute colitis, but under such clrcumstmccs 
the venereal chamcterislics of the disease are 
prominent The proctitis associated with the long- 
standing case is secondary to chronic lymphade- 
nitis, it IS thus more common in women and associ- 
ated with rectal stricture, usually j'ust inside the 
anus; the blood shows hyperglobulinemia, and llie 
skin gives a positive reaction to the Frel antigen 
Nonspecific involvement of the colon may be 
product by regional entcrills, in which case tlic 
colon is infiltrated by a hyperplastic submucosal 
granulomatous process, friability of mucous mem- 
brane ts absent, and small intestinal disease is 
identified by radiologic examination. The uremic 
patient may have a bloody rectal or colonic dis- 
charge, because of the vascular fragility produced 
by lliat condition, there is httlo difficult in identi- 
fying the accompanying stigmas of uremia. Diicr- 
tlcuhtis of the sigmoid may cause spasm, fever, and 
rcctvl bleeding, but the sigmoidoscopic ajrpearancc 
IS entirely unlike that of mcerative colitis, and the 
exudate usually is much less purulent. A segmental 
colitis localized to the rectosigmoid may, however, 
be impossible to tEfferentunte from this disorder 
Oincer of the colon ma) give many of the symp- 
toms of colitis, but usually is easy to distinguish 
from It However, cancer of the colon supervening 
on a chrotnc colitis may he impossible to fdcntif) 
short of surgical biopsy, and rarely a mild ulcera- 
tive colitis seems to occur proximal and secondary 
to a slowly obstructing caranoma of the left colon 
Complications, Sequelae, and Associated Dis- 
orders. Tliese maj be local pcnanal abscesses, fis- 
tulas in ano, strictures, sealed-off perforations, 
pseudopoljposis, localized pentonilis, and carci- 
nomatous changes; if one c-xclujes tiiose patients 
presenting ulctrative proctitis alone, the incidence 
of caK.inom.1 of the colon m patients with chronic. 
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ulcerative colitis is 3 to 5 per cent^ or an incidence 
40 to 50 times th^t of the general population. Or 
they may be systemic, patients with colitis may 
have all their disease confined to the colon or may 
exhibit a wide range of S}mptoms and signs, sug- 
gesting that many distant organ systems reflect to 
some degree the underlying Inflammation. Such 
occurrences are considered evidence of an under- 
Ijtng systemic hyperimmune response of patients 
with this disorder. The most important of these is 
arthritis, particularly of the large joints In hotli 
sexes, and the spine in men. The symptoms prima- 
rily are those of periarthritis; rheumatoid factor is 
absent from the serum, and the severity of the proc- 
ess usually parallels that of die colitis. The sldn 
shows a number of abnormalities, usually forms of 
ery’thema nodosum, erythema multiforme, and 
rarely, the very dangerous pyoderma gangrenosum. 
The eyes may be the seat of chorioretinitis or iri- 
docyclitisj thrombopldebitis may be present in a 
migratory form, and endocrine abnormalities, par- 
ticularly amenonhea, are common. It is thought by 
some that cirrhosis of the In’er is more common in 
this group of patients than one would expect, and 
varying degrees of pancreatic fibrosis ha%e also 
been described. Most of the patients with these 
complications have had a sei'ere illness, character- 
ized by long periods of malnutrition, have received 
multiple transfusions and intensive chemothera- 
peutic regimens, and have suffered severe electro- 
lyte disturbances. Amyloid disease may also com- 
plicate the course of patients with long-standing 
and severe colitis. 

Treatment. The treatment of patients with this 
disease comprises both medical and surgical man- 
agement. Since there is no truly specific form of 
therapy, medical regimens of treatment aim to 
correct nutritional and electrolyte loss, control diar- 
rhea, discourage bacterial invasion, and mmisJer to 
the psychologic needs of the patient. WTicn fever, 
anorexia, severe diarrhea, and increasing blood loss 
are present, hospitalization is necessary, and a very 
careful watch over daily changes in status must be 
maintained. The disease is veiy treacherous in that 
perforations and massive hemorrhage may occur 
without warning. 

Most ill patients are best treated by parenteral 
alimentation on admission to a hospital. Complete 
parenteral supplementation can be achieved for 3 
or 4 days, at which lime a low residue but highly 
nutritious regimen is instituted. 

Oftentimes it is wise to allow the patient to eat 
foods he particularly craves. There is no evidence 
that any articles of food influence the disease, but 
it is felt that some foods increase diarrhea and 
abdominal gaseousness. Small frequent feeding 
are usually better tolerated than larger meals, but 
this is not always the case. It is best not to give 
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very cold liquids, which stimulate small bowel pro- 
pulsive activity. Vitamin preparations should be 
added to both the parenteral and oral intakes, 
preparations containing fat-soliible vitamins dis- 
persed in watery vehicles are preferred to capsules 
or tablets. Blood transfusions should be given for 
anemia and hypoproleinemia. Anabolic steroid 
preparations arc often useful (testosterone pro- 
pionate in men, 25 mg two to three times weekly; 
norethandrolone, 30 mg daily). 

The diarrhea is most effectively controlled bj 
opiates, budanum is (he most convenient prepara- 
tion, 8 to 10 drops four or five times daily usuallv 
sufiicing to make the patient comfortable during 
the phase of intense discomfort. Antispasmodics 
have the disadvantage of producing upper intesti- 
nal hypomotility without greatly affecting the colon 
and are therefore not very useful in acutely ill 
patients. As toxicity abates, the opiates are reduced 
in dosage and sedatnes plus antispasmodics arc 
more vigorously employed. 

Chemotherapeutic and antibiotic drugs are ver) 
useful in managing certain stages and complica- 
tions of ulcerative colitis. In milder forms of colitis, 
wherein high fever vind toxicity are not prominent, 
sa!icylazosulfap)'ridine (Azulfidine) (10 Cm six 
times a day) has been proved able to control fri- 
ability and bleeding and to lessen markedly the 
rectosigmoid irritability responsible for urgenej 
and tenesmus. It can be given in courses lasting 
3 to C weeks, followed by Intervals of several 
months, then rcinstituted os a prophylactic; many 
patients do very well on such a regimen, taking the 
drug for one month out of every four for many 
years. In the acutely ill patient in the hospital, 
peniciflui and chloramphenicol are usually admin- 
istered concomitantly in an attempt to halt or pre- 
vent acute peritonitis Other sulfonamide drugs and 
broad-spectrum antibiotics, although not without 
usefulness, have been less specific than those de- 
scribed. 

Adrenal steroid hormones and ACTH have be- 
come very important in the medical management 
of ulcerative colitis. For acute proctitis and proc- 
tosigmoiditis, where urgency is very' severe despite 
the absence of generalized illness, rectal instill.i 
tions of soluble corticosteroids have been remark- 
ably effective. They are usually given as retention 
enemas of small volume (100 ml of an aqueoiK 
solution containing 20 mg prednisolone) morning 
and at night until symptoms have been brought 
under control; then only the nightly instillation is 
continued, the frequency of administration gradu- 
ally diminishing In the acutely ill patient with life- 
threatening colitis, parenteral administration of 
ACTH (40 to SO mg daily) for a 10-day period 
usually effects an improvement in appetite, a de- 
crease in toxicity, and a gradual improvement in 
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sigmoidoscopic appearance of the involved bo%vel. 
Cortisone, hydrocortisone, or prednisolone in nde- 
quate doses may produce similar effects in the 
acutely ill patient, but seem rather less reliable 
than ACTH. On the other hand, in the less severely 
toxic patient, or in the toxic patient as he recovers, 
oral steroids are easy to administer and are quite 
effective. Many patients have now been main* 
tained for years on oral doses of these hormones. 
Cither alone or combined xvith Azulfidine, with a 
low incidence of complications of therapy. Tlie 
hormones are also useful in preparing patients for 
colectomy. 

Fsijchiairic approaches to the patient with iJ- 
cerative colitis are not generally agreed upon. It 
is the opinion of most psychiatrists that the acutely 
ill patient is approachable only by the most super- 
ficial forms of supportive psy’chotherapy. In the 
more usual types of the disease the physician man- 
aging the c.ase can supply the needed support by 
.searching the patient’s history and behanor for 
indications of inner resources and motivations 
which can be converted to therapeutic use. At- 
tempts to manipulate the immediate home and 
wxirk environment of the patient arc necessary', but 
may require professional assistance beyond the 
scope of the physician's training and resources. 
Pregnancy frequently mobilizes severe stress and 
can aggravate or ameliorate the disease. ^Vhcn 
ulcerative colitis begins during pregnan^ it is 
usually very se\ere. 

Professional psychiatric assistance should not be 
neglected when indicated. An attitude of optimism, 
warm concern, and patience, tempered with fre- 
quent medical examinations of the patient, his 
rectum, and his stools seems the best armamen- 
tarium of the physician caring for patients suffer- 
ing from this disorder. 

Surgical r;icfls»rcj are absolutely indicated for 
several local complications and for certain cata- 
strophic events x\hich may complicate the course 
of the disease. In the presence of a diseased colon 
it is almost impossible to heal perianal and peri- 
rectal abscesses, fistulas, and rectal strictures. Fur- 
thermore, it is not possible to mahe use of a rectum 
deformed by these processes after localized lesions 
of the colon have been resected, so that dcostomy 
and total colectomy are the treatment of choice. 
Similarly, massive hemorrhage from the diseased 
bowel and acute toxic dilatation of tlie colon arc 
best handled as emergencies by ileostomy and 
colectomy. Segmental colitis can be successfully 
treated by resection of the diseased portion and 
primary anastomosis. 

The principal areas of disagreement as to the 
proper time for or adwsability of surgical therapy 
concern patients with clironic recurrent disease of 
more tlian 2 years’ duration and those who are dis- 
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ablcd by chronic anemia, arthritis, or pseudopoly* 
posis. Increasingly, and in particular as surgical 
techniques for ileostomy and colectomy have im- 
proved, more of these patients are being subjected 
to this treatment earlier in the course of their dis- 
ease. Attempts to preserve tho rectal area by ileo- 
rectfll anastomosis and tlie French techniques for 
electrocoaguJativc prefrontal lobotomy are new but 
as yet unproved methods to modify the surgical 
approach. Any patient w'ith ulcerative colitis of 10 
years’ activity must be considered to have a S to 5 
per cent risk of malignancy of the colon; the pres- 
ence of pseudopolyposis or the slightly less com- 
mon adenomatous polyposis complicating tlie dis- 
ease is probably an indication for colectomy. The 
ilcostomtzed patient has now a much better out- 
look for a normal life than ever before; the forma- 
tion of ilcostomist clubs has stimulated interest in 
the intelligent design and management of ileos- 
tomy appliances; reanastomosis of the ileum to 
partially resected colons h.is proved so often dis- 
astrous that it is better to offer the patient no un- 
realizable picture of tlie ileostomy as n temporary 
measure, but rather to concentrate his attention on 
the fuller life he will be able to lead 'vith his dis- 
eased bowel totally removed. 

Summary. Ulcerative colitis is, tlien, a progressive 
inflammatory disease of the colon, encountered in 
all age groups, affecting any portion or all of the 
large bowel About 75 to 80 per cent of all patients 
with the disease will be able to cope medically 
with its ravages, despite the remissions and exacer- 
bations which characterize its course. Tliere is some 
evidence that the disease is more severe when its 
onset is in )oung children or in those ov’er sixty. 
Hie case fatality rate is hard to determine, since so 
many patients with ulcerative proctitis alone never 
come into hospitals, but for those ill enough to 
warrant hospitalizatioo, approximately 10 per cent 
now die of the disease or its complications, includ- 
ing carcinoma of the colon. Surgety at present is 
nccessarj' for approximately 20 per cent of patients 
with the disease involving more than the rectum. 
Unless some newer medical or ps)'chiatric therapy 
is devised, it is probable that this figure will in- 
crease. 

TUMORS OF THE COLON AND RECTUM 

In 1938, neoplasms of the large intestine and 
rectum accounted fox S8,000 deaths in the United 
States, or 15 per cent of all deaths due to malig- 
nant disease. These lesions represented 42 per cent 
of all deaths due to neoplasms of the digestive 
tract, being nearly twice as frequent as the number 
of deaths due to cancer of tlie stomach. They occur 
equally among males and females, and in all age 
groujs, but of course are most frequently encoun- 
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tered in persons forty-five to seventy-five yeare of 

age. 

Etiology. Although the true causes of colonic 
malignancy are not established, there appears to 
be an intimate relation between the adenomatons 
polj'p and the development of carcinoma. All 
stages of carcinomatous change ha^'e been recog- 
nized in polyps, and there appears to be a definite 
risk of malignant pol)^)©]^! growth and of malig- 
nancy in the colons of patients who have polyps, 
whedier or not the tumor originates in or near die 
polyps. Congenital multiple polyposis of the colon 
has an astonishingly high malignant potential; 
chronic inflammatory disease of the colon, as seen 
in ulcerative colitis, also seems to potentiate or 
stimulate the development of carcinoma in the dis- 
eased bowel. Other lesions ol the large intestine 
seem to bear no relationship to cancer, although in 
no case is it possible to demonstrate that they offer 
protection against its development. As with malig- 
nant disease generally, familial aggregates of the 
disease are well documented, and multiple malig- 
nancies have been shown to occur in certain mem- 
bers o! such families. 

Pathology. The vast majority of tumors originat- 
ing in the colon and rectum are of epitheL'al origin. 
Those which are not are usually benign; Aey 
include hpomas, endometriosis, benign lymphomas, 
leiomyomas, enterocytomas, and hemangiomas. 
NonepUhelial malignant lesions are infrequent, but 
should be mentioned because of the necessity for 
recognizing them in a treatable stage of their de- 
velopment. Carcinoids of the rectosigmoid and rec- 
tum ordinarily form yellowish elev'ations between 
the muscularis mucosae and mucosa; they are usu- 
ally discovered by chance sigmoidoscopy, although 
a few have been indicted as causing bleeding. If 
the muscularis is invaded, the tumor is malignant 
and will require wide ercision. It is estimated that 
10 per cent of rectal carcinoids will metastasize. 
Those beginning in the ileocecal valve or in the 
cecum, although not ulcerating deeply, metastasize 
early to regional nodes and the liver; radiologically 
they may present as a rounded fiUing defect. Leio- 
myosarcomas are almost never found elsewhere in 
the colon than in the sigmoid or rectum, where 
they may grow to large size and produce mucosa] 
ulceration with bleeding. Lymp/iosarcotnos of the 
colon and rectum may present exactly as do carci- 
nomas, but there is less fixation of the wall as the 
tumor grows, so that intussusception is occasionally 
ibe presenting syndrome. 

Carcinoma of the colon and tectum together 
account for 15 per cent of all carcinomas, and for 
approximately 50 per cent of all digestive tract 
cancers. Colon carcinomas affect women more 
often than men, whereas rectal carcinomas are 
seen more commonly in men. They have been re- 
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corded at all ages, but with their peak incidence in 
the fifth, sixth, and seventh decades. The cecum 
and ascending colon are involved in 15 per cent of 
all carcinomas of the large bowel and rectum, the 
transverse colon in 10 per cent, and the sigmoid 
cokwi, rectosigmoid, and lechim in 75 per cent. 
Thus, nearly two-thirds of all cancers of the large 
intestine are within reach of the sigmoidoscope. 
In most series of cases, multiple primarj' colonic 
cancers are found in about 3 per cent of operated 
or autopsied patients. Lesions of the colon which 
seem statistically to favor the development of car- 
cinoma are multiple polyposis, adenomatous poly- 
posis, and chronic ulcerativ e colitis of over 10 years’ 
duration. In addition to the statistical "precancer- 
ousness" of these lesions, indubitable malignant 
transformation of vallous adenomas, single adenom- 
atous polyps, multiple adenomatous polyps, and 
mulliccntric foci in ulcerative colitis have been 
observed. 

In the colon above the rectum, adenocarcinoma 
is the common cell type. Classifications of the 
tumors according to their microscopic appearance 
—papillary, medullary, scirrhous, or colloid — is not 
of great assistance to the physician. Obviously, 
scirrhous carcinomas tend to constrict the lumen of 
the bow'el, thereby producing obstructive syn- 
dromes, especially in the sigmoid area. Colloid 
tumors, most common in the right colon, can grow 
to enormous bulky mucinous masses, often forming 
mucous fistulas to the overlying skin. The common 
medullary tumor grows as a sobd mass, the bulk 
of which may produce intermittent obstructive 
symptoms. Papillary tumors of the distal colon usu- 
adly bleed early. All these tumors invade the re- 
gional lymph nodes and spread through the lym- 
phatics and portal veins to the liver; direct spread 
into the paravertebral venous plexus is occasionally 
seen. 

Symptoms of colonic carcinoma are usually 
vague and nonspecific at the outset. Rarely an 
acute perforation with peritonitis or a massive 
hemonhage will call attention to the disease while 
it is stiff in an early stage, but much more often 
many months elapse before the symptoms finally 
bring the patient to the physician. 

1. Changes in bowel habits are most frequent 
when carcinoma affects the left colon; these 
changes are often minimal but progressive altera- 
tions m frequency or in time of evacuation, iri the 
size of the stool, and most significantly, in a sensa- 
tion that ex’acuation has been incomplete. 

2. Bleeding is complained of by the patient with 
a left-sided lesion in about 70 per cent of cases, 
when the lesion is in the ascending colon or cecum, 
less than 23 per cent of patients notice any blood 
In or with the stools, owing no doubt to tlie fact 
that the blood is thoroughly admixed with the fecal 
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Fic. 278*7. Filling defect in the cccum produced by a 
carcinoma. 


slurry in the right colon It is urgently important 
tliat the physician not attribute to hemorrhoids or 
anal fissures bleeding that is dark, associated snth 
clots, wcU-mLwd with mucus, or adherent to tlic 
stool. 

3. Fain in the lower abdomen is common in Ic* 
siotis of the ccaim or ascending colon; the pain 
Is characteristically scs'crc on climbing stairs or on 
ircncling forward; pain in left colonic lesions is 
often felt in the right side as a vague distention, or 
AS a dragging sensation low in the pelm toward 
the left inguinal ligament. Low-back pain is fre- 
quently present later In the course of tlie disease. 

4. Pallor and anemia are classical presenting 
syndromes of right-sided colonic cancer; cardiac 
insuGScicncy and angina may be striking manifesta- 
tions of the anemia, which readies a remarkably 
severe degree in the absence of sjTnptoms calling 
attention to the diseased bowel. 

5. Anorexia, weight loss, and malaise may occur 
at ony time or be absent. 

Physical Examination. As with most malignan- 
cies. c.arly signs are not found. Aside from the 
characteristic pallor of anemia and the wasting 
suggestive of chronic disease, the signs are prin- 
cip^y those due to masses, partial ointniction of 
llie bowel, fistulas, and invasion of abdominal wall, 
bladder, uterus, and liver. Fecal masses arc often 
felt behind partially obstructing neoplasms or in- 
flammatory aggregates which luve surrounded a 
perforation due to tumor. Rectal examination with 
the patient in the lilliotomy or right decubitus posi- 
tion will often dclret an inhissuscepting lesion €>f 
the rectosigmoid. Marked distartion m the fight 
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lower quadrant may represent an accommodation 
of bowel contents to incomplete obstruction by car- 
cinoma of the left colon; caution should be e.ver- 
cised in palpating the cecal area under such cir- 
cumstances, as perforation, always imminent, may 
be precipit.ited by digital manipulation either from 
the abdominal or intrarect.al areas. 

Laboratory Findings. Tliere are no diagnostic 
lalforatoiy procedures. Detection of occult blood or 
gross blood in the stoob is the most important 
laboratory technique for early identification of the 
possibility that malignancy of the colon exists 
Other findings occur as the tumor spreads locall)- 
to provoke an inflammatory response (increased 
sedimentation rate, leukocytosis), invasion of the 
liver (increased serum alkaline phosphatase, Brom- 
sutplialein retention), hemolytic anemia, or direct 
bone marrow invasion. The anemia is usually hy- 
pochromic and is present in over half the patients 
with right-sided lesions, even when occasional stool 
specimens do not contain occult blood. Patients 
with left-sided lesions may also be anemic, but to 
•a much less severe degree, and not so frequently, 
since tliclr blood loss is more easily appreciated in 
the appearance of the stools, and they see pbj’si- 
cians earlier. 

Diagnosis. Carcinoma of the colon is one of the 
conunonest malignancies and therefore must be 
thought of vvlienever a patient complains of 
changes in bowel habits, regardless of the kind of 
change. The finding of gross or occult blood In the 
stoob, or of a mass or distended colon on routine 
phpical examination, or of definite abnormalities 
on recta! examination, or of cv’idences of weight 
loss and chronic illness should make one consider 
the diagnosis very seriously. \’’aguc dyspepUc 
^TOptoms, especially when hj'pochromic anemia is 
present, also should lead the phj’sicion to investi- 
gate the right colon in particular. 

The ttimbinalion of digital and proctosigmoid- 
oscopic examination should bring tvvo-thlrds of all 
cancers of the colon and rectum into direct view 
The lesion may present itself directly as a polypoid 
or solid mass, frequently ulcerated, or as a large 
ulcer with a rolled margin, or as a deformity of the 
colonic wall producing obstruction to the pass.ige 
of the instrument. Instillation of Ringer’s solution 
through the sigmoidoscope and centrifugition of 
the returning fiuid will yield exfoliative cytologic 
smears of diagnostic value in many eases. Biopsy 
of suspicious lesions should be carried out when- 
ever possible. 

Radiologic diagnosis of lesions above the peri- 
toneal reflection is highly accurate, but not {nf.ilh- 
ble. In the presence of rectal bleeding if is 
important to foUow a barium enema winch his 
bcCT reported .as normal with an air-contrast stud) . 
such air-contrast enemas may reveal small lesions 
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(greater than 5 inm in diameter) as ucH as non- 
distcnsible portions of the bowel wall. A cecal area 
wliich does not respond satisfactorily to preparative 
enemas and laxatives and shows poor radiologic 
detail should be particularly suspected of harboring 
a tumor. 

The radiologist looks for structural and physio- 
logic abnormJilities reflecting the various ways 
these tumors may present, as described aboi-e un- 
der Pathology. (1) Tumors may project into the 
bowel, giving rise to a filling defect in the barium 
column (Fig. 278-7). (2) They may partially or 
completely encircle the bowel, producing a narrow- 
ing of the barium column proximal to which the 
bowel is often dilated (Fig. 278-8). (3) They may, 
by contiguous infiktaUon, distort the position of 
the colon, so that it is not free to follow gravity dur- 
ing the radiologist’s maneuvering of the patient. 

(4) After the patient has expelled the barium, 
films of the mucosal relief may show defects due to 
tumor which has not penetrated the muscular coat. 

(5) Some tumors give rise to no defects as such, 
but interfere with neuromuscular integration, so 
that frritabflity, fluid retention, and spasticity may 
be noted. 

'D\§cTenthl diagnosis of carcinoma of the as- 
cending colon includes: (1) benign lesions: gastric 
and duodenal ulcer, cholecystitis and cholelithiasis, 
liver disease; (2) inflammatory processes: appen- 
diceal abscess, amebiasis, regional enteritis, seg- 
mental colitis, tuberculosis; (3) other tumors, su^ 
as carcinoids, lymphomas, lipomas, gastric cancer, 
renal cancer; (4) blood dyscrasias and uremia. In 
the descending colon carcinomas must be distin- 
guished from diverticulitis, endometriosis, ulcera- 
tive colitis, ])Tnphogranuloma venereum, and be- 
nign tumors. 

Carcinoma of the rectum and anus presents more 
specific early symptomatology than is the case with 
the lesions discussed above. Bleeding, intolerable 
rectal urgency, pain, and soiling are the roost fre- 
quent symptoms. The principal difficulty occurs 
when preexisting abnormalities have been present 
for so long a time that the patient and his physician 
do not delect subtle changes in them. Most fre- 
quently such problems arise when the patient has 
had an irritable colon s}'ndrome, ulcerative colitis, 
simple constipation, or a variety of anorectal dis- 
orders, often complicated by surgery, 

Tlicso carcinomas are more frequent in men than 
in women (5:4) and comprise both adenocarcinoma 
in the rectum and squamous carcinoma in the anal 
skin, as well as mixed tumors in the anal onal. 
Malignant melanoma and basal-cell carcinoma may 
arise in the anal skin, and lymphoma, carcinoids, 
tumors arising from neighboring stnictiircs — pros- 
tate, ccr\’ix, ovary — as well as the seeding of upper 
abdoiTunal carcinoma into the pelvic peritoneum 



may present as though they were primary lesions 
of the rectum. 

Diagnosis is made by inspection, digital examina- 
tion, anoscopy, proctoscopy, biopsy, and cxfoliati>c 
cytology. Radiologic accuracy in the rectum is only 
fair and should not be neccssaiy for identification 
of these low lesions. 

Complications. Since it is the character of tumors 
to inxxide, many tumors of the colon, like tumors 
elsewhere, may first be diagnosed because of a 
complication of the original lesion; that is, ihc 
tumor may perforate the bowel wall giving rise to 
acute peritonitis, may perforate slowly and w-all 
itself off, giving rise to local inflammatoiy m.iss and 
localized peritonitis, or may invade blood vessels 
to produce a brisk episode of rcct.il bleeding. More* 
often, the tumor partially obstructs the bowel 
lumen for a long period of lime, during vvliich the 
colon proxima] to the tumor dilates slowly without 
dramatic change in s^Tiiploms until a fecal imp.ic- 
tion occurs, converting the proximal bowel into 
a brge distended sac which may very well produce 
ty-mptoms in tlic right lower quadrant, as rvoted 
previously. Tin's occurs most often when the tumor 
Is in the sigmoid, where tiie stool is driest Tumors 
also weaken the colonic wall in such a way th.vt 
an intussusception m.iy occur, the tumor leadin'* 
the intussusceptum. Similarly, fixation of the liowcl 
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\%a!l by a tumor may produce a vol\'ulus, wbicb 
is most frequently seen in the sigmoid colon. Very 
large anti slowly growing tumors may produce 
symptoms by pressure on neighboring organs; in 
particular, the uterus and tlie ureters may be 
in%'ohcd, and conversely, tumors of the uterus may 
compress the colon. Inguinal hernias may become 
apparent as the Erst sign of sudi increased pressure. 
Fistulas between tlie colon and pcKio organs sug- 
gest a thorough sc.arch for an underlying neoplastic 
infiltration. Abscesses inside the peritoneal cavity 
and cellulitis of tlie abdominal wall secondary 
to tumor infiltration are not infrequent 

Treatment. Although the only rearhly a\'ailabtc 
therapeutic techniques are surgical, there are indi- 
cations that radiotherapy combined with surgery 
and some new chemotherapeutic means may signifi- 
cantly improve tlie outlook for patients with colonic 
and rectal cancer. Surgeons generally prefer ab- 
dominopcritoneal resection and colostomy for tu- 
mors located below the peritoneal reflections; above 
this area there Is considerably more freedom of 
clioicc. depending primarily on the size and extent 
of the lesions. It is important to realize dial good 
preoperalive management and skillfiJ work at the 
table will ensure that 70 to 80 per cent of all coses 
can rccci\e either extirpative or palliative surgery 
with an operative mortality under 10 per cent; the 
operatise mortality is somesshat higher for lesions 
in tlic left colon. On the other hand, the survival 
rate for tumors of the left colon wlUdi can be 
resected Is slightly higher than that for right colon 
cancers. There has been an impressive impros’cmenl 
in the 5-year survivals since 1030, in 1900 approxi- 
mately half of all patients who can be resected are 
expected to survive this length of time. Of the 20 
to 30 per cent who are first seen with extensive 
l)Tnphalic or perineural spread, a few will survive 
5 years without surgery. Wien patients without 
any evidence of lymphatic or distant spread of 
cancer are subjected to radical operations. iJic 5- 
year survival in some scries has been as high as 
60 per cent. It is important that palliative surgical 
altcmpls not be discoiuaged, as die symptomatic 
relief they bring may allow the patient to live in 
comfort the shortened terminal months of his life. 

The complications of surgery and the manage- 
ment of colostomies can best be found discussed 
in surgical tc-xts. 

onsTnuenoN' or the colon 
AND nnCTUM 

Chronic colonic ohslrvcthn has been dealt wiOi 
aliovc in the sections dealing w’ith its prindpal 
cause's — tumors, divcrtinililis, and mcgacolon, Ad- 
dition.il disorders which may present as chronic 
large bow'd obstruction are strictures resulting from 
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inflammatory* processes (ulcerative colitis, lympho- 
granuloma venereum, perirectal abscesses), from 
pelvic disease (endometriosis, tumors), from trau- 
matic scarring cither postoperative or crushing, or 
from radiation necrosis, secondary to treatment 
of pelvic cancer. 

The presenting symptoms in all cases are simi- 
lar. the diagnosis is made clinically and radio- 
logicallj', and the lre.xtmcnt is surgical. 

Acute colonic obstruction has been discvissed 
briefly in Chap. 276. Whereas acute small bowe/ 
obstruction is more often due to mechanical and 
vascular causes, colonic obstruction occurring sud- 
denly is statistically most often a result of neoplastic 
disease; other major causes of this process in adults 
are volvxilus, diverticulitis, and intussusception. 

Volvnilus is a twisting of a portion of the colon 
on its mesentery, with trapping of air in the affected 
segment and progressive circulatory embarrassment 
as a result of the compression of the vascular pedicle 
to the segment. The tw'o areas of colon most subj'ect 
to this complication are the cecum and the sigmoid. 
Cecal colctihis is due to abnormal fixation of tlie 
cecum, associated with malrotation of the right 
colon. Severe volv'ulus of the cecum is uncommon 
e.xcept in Sweden, in tlie United States it accounts 
for less than 0 2 per cent of all adult Intestinal 
obstruction Minor degrees of volvulus leading to 
recurrent nglu lower quadrant pain may be more 
common since it is thought th.nt 10 to 15 per cent 
of tlie population have right colons sufficiently 
mobile to permit at least some degree of vulvulus 
The ee/mptoms of acute cecal vol^us are severe, 
continuous right lower quadrant abdominal pam, 
followed by vomiting, constipation, and rapid in- 
testinal distention. Treatment is surgical. 

Sigmoid vohtthis is more common than ceco! 
volvulus and is especially common among persons 
of eastern European ancestry. It is predominantly 
a disease of elderly persons with chronic constipa- 
tion v\lio eat food containing much roughage. The 
symptoms are usually those of increasing constipa- 
tion for a few days preceding the first attack of 
hypogastric pain, tins pain is usually colicky and 
discontinuous for a few hours, but then becomes 
more severe and unremitting, os vascular supply 
to the twisted loop is throttled. The twisted loop 
enlarges enormously, rising up in the midline of 
the lowxir abdomen to produce the characteristic 
radiologic picture (Fig. 278-9). In contrast to acute 
small bowel obstruction, vomiting is rarely en- 
countered, shock is generally absent unless gan- 
grene and perforation of the loop have supervened 

Treatment is decompression. Although occasion- 
ally this can be done by a tube inserted via the 
sigmoidoscope, most of these patients require lapa- 
rotomy, with decompression under direct vision, 
and whatever other extirpative surgical means are 
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deemed necessary. Since sigmoid voKmlus is knovra 
to recur in the same patient, it is probably wsrat 
to resect the entire twisted loop at the time of 
operation. 

Intussusception is the term appUcd to the in- 
vagination of one segment of intestine into another. 
Primary fnltissiisccpfion, which occurs ^vithool ante- 
cedent cause, is rarely seen after the third year of 
life; in infants it is a common cause of rectal 
bleeding. Secondary intussusception is seen at all 
ages and anywhere in the gut, from esophagogastric 
junction to rectum. It usually occurs wbeir an in- 
traluminal neoplasm, benign or malignant, bulges 
out into tile lumen, often buckling the rvall from 
rvhich it arises, and is propelled caudad by peristal- 
tic actirity. The tumor acts as the leading portion 
of the full thickness of the intestinal wall, produc- 
ing a partial or complete obstruction to the propul- 
sion of intestinal contents. The doubling over of the 
entire thickness of the gut wall leads to impairment 
of blood supply and eventual gangrene. 

Symptoms are those of sudden abdominal pain 
and distention, with passage of blood-tinged rectal 
discharge. Low-lying intussusceptions may be felt 
on rectal e.Yammation. but usually a careful barium 
enema reveals the site and the characteristic "coiled- 
spring” appearance produced when the barium 
outlines the space between the intussuscepted 
bowel and the outer intussuscipiens. 

Treatment is surgical removal of the underlying 
abaormahty. 

Subacute and Chronic Colonic Obstruction 

Much more ddUcuIt to identify arc the insidious 
forms of subacute obstruction of the brge bowel, 
which usually present as (1) intermittent lower 
abdominal pain of the colicky type, (2) gradually 
progresshe constipation, (3} distention, or (4) a 
combination of these. The failure of the patient 
to complain actively or to appear very ill makes it 
easy for the physician to overlook the possible cecal 
twist or the obstructing tumor in the left colon. 
Very often it is the additional impetus provided by 
a fecal impaction which converts the vague ^mip- 
loms into those of a definite closed-loop obstruc- 
tion, with marked distention of the cecal area; in 
the elderly patient the distended bowel may rupture 
and produce an acute peritonitis, treatment of 
which uncovers the undertyring tumor, diverticulitis, 
or volvulus. 

Diagnostic aids consist of abdominal palpation 
and auscultation, which may identify markedly 
different patterns during the several days of sudi 
an episode, and digital examination, which may dis- 
close an impaction, or an intussuscepting tumor, or 
blood on the stool. Roentgen examination is im- 
portant in demonstrating on the open film unusual 
gas collections which define an obstniclion and on 
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the barium enema a definite obstacle to the passage 
of barium (Fig. 278-10). Treatment is that of the 
underlying lesion and is therefore usually surgical. 

ACUTE NECROnZLVG (MEMBRANOUS) 
ENTEROCOLITIS 

This severe necrotizing lesion of large and small 
intestine has been known under a variety of names 
It almost always occurs in association with a mas- 
sive insult to the circulation (myocardial infarction 
with shock) in the othei^vise well patient, in 
debilitated elderly patients who suffer mechanical 
trauma or undergo surgery, and more recently in 
severely ill patients receiving antibiotic therapy. 

The pathologic features are those of a coa^la- 
tive rvecrosis of the mucosa of the small and large 
intestine; thrombosed capillaries and venules under- 
lie the necrosis; a pseudomembrane may be present 
in patchy distribution. Staphylococci may be found 
in large quantities but are not necessary for the 
diagnosis. 

Symptoms are those of severe shock, accom- 
panied by variable degrees of abdominal distention, 
hi^ fever, and diarrhea. If the condition follows 
an operation, it usually occuis between the third 
and fifth porinpemtive day. The stools often con- 
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F>c. 278*10. Enonnous dilatation of the cecum second* 
ary to dgmoid cancer. 


tain whitish collections of exudate and staphylocci; 
the hitter may be cultured by rectal swab il no 
stool is passed. 

Treatment is that of shoch, vvitli special emphasis 
on blood, plisma, and adrenal steroids. If stjphy* 
lococci arc isolated from the stools, erythromycin 
or vancomycin arc given in hnrge doses. If no 
staphylococci arc cultured, most autlioritics advise 
the use of polyvalent scrum against clostndia. The 
case fat.ality rate is extremely high despite tlicse 
measures, and intensive medical and nursing care 
is critical. 


ANORECTAL PRODLEMS 

Complaints centered in this area are among the 
ctimmonesl and most troublesome encountered bv 
ihe pliysici.in Recausc of failure to undnstand the 
anatomy and function of perianal skin, anal sphinc- 
ters. lower rccial mucosa, and levator muscles many 
misdiagnoses arc made and therapy based on these 
misconceptions prolongs or even aggravates the 
diffiatllics Tlicre Is no way in sshich the physician 
can move with assurance in evaluating these com- 
plaints unless he learns the anatomy and constantly 
pi'rfomu careful and thorough physical examina- 
tion!, directed (n an oppreciation of the disturlicd 
ph)siiitogy. 

) 


Pmritits Ani 

Itching of tile perianal skin is a very frequent 
and usually mild complaint, but it can be so severe 
and persistent os to deprive the patient of sleep 
and lead him to tlioiights of suicide. The first step 
in diagnosis is to examine the skin for evidence 
of a dermatosis, to culture the area, and if necessary 
to biopsy it. Anoscopic and proctoscopic examina- 
tions follow. The most important preventive mcas- 
urc is careful cleansing of fecal residues from the 
skin. In elderly persons, obese persons, and those 
with joint difficulties, efficient wiping after defeca- 
tion is difficult to achieve. Simple cle.ansmg tecli- 
niques using cotton balls rather than toilet tissue 
often remove or greatly ameliorate the symptoms 
Specific deim.'itoscs, parasitic infestations, folhculi. 
tis, and fungous infections may cause tlic symptom. 
Dnigs taken orally or parenterally rarely produce 
pruritus ani, but antibiotics may do so, and any 
ointments or medications applied to the perineal 
area may give rise to it. Diabetes mcllitxis, although 
often responsible for pruritus vulvae, Is a rare cause 
of proritus ani. Psychogenic pruritus ani is difficult 
to define, since secondary dermatitis and excona- 
tions often can be greatly improved by conservative 
palliative methods and better postuefecation hy. 
gienc; bland or hydrocortisone ointments are also 
utilized in the psychotherapy of reported cases 

ritluiaa and Ahieesses 

These septic disorders may be die first signs of 
primary colitis, enteritis, or diverticulitis, as prcvi. 
ously discussed, or may be complications of surgical 
procedures employed for these or other conditions 
Fistula in ano, a tract leading from tlie rectal lumc-n 
to the perianal skin, usually results from local anal 
crypt abscesses; less than 5 per cent of such lesionv 
found in medical practice in the United States are 
due to tuhercufosis or cancer. The iTstufa is a 
chronically inllaTnecl tube made up of fibrous tissue 
surrounding granulation tissue, the lumen of vvlucli 
may be difficult to demonstrate. Perirectal abscesses 
often represent the tracking dowm into the anal area 
of purulent material escaping from tlie rectosig- 
moid, diverticulitis, enteritis, or colitis may be the 
source. Previous ana! or rectal surgery' may he 
causal, ristidas between the rectum and vagina and 
U tween the rectum and bladder represent serious 
complications of granulomatous, septic, or mahg- 
n.«it disorders and require that die patient ho 
hospitnbzcd for definitive diagnostic and therapeutic 
procedures. 

Anal Lesions 

Tliese lesions comprise a wide v.iriety of distress- 
ing infl.iramatory, traumatic, and neoplastic dis 
orders Anal fissures represent superficial erosions 
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of the anal canal epithelium uliich can heal rapidly 
on conser\’ative fherapj’. Aiml ulcers are more 
chronic and deep and give S)’nipfoms largely as the 
result of painful spasm of the external anal sphinc- 
ter during and after defecation. Ulccding m.iy occur 
with either fissure or ulcer; healing of the ulcer 
often is associated with a h\pertroplucd anal papilU 
and some degrees of anal contracture. Crjpl ah- 
scesscs may produce pain early and should l»c 
treated promptly. 

Itcinorrhouh 

The internal hemorrhoidal plexus of wins is 
located in the submucosal space above the valws 
of Morgagni; the anal canal separates it from the 
c.xtcmal hemorrhoidal xenous plexus, but the two 
spaces communicate under the anal canal, the 
submucosa of xxhich is attached to underlying tissue 
to form the interhemorrhoida] depression. Ulien- 
cver the interna! hemorrhoidal plexus is cn!.»rgcd. 
there is associated increase in supporting tissue 
mass, and the resultant venous swelling is called 
an internal hemorrhoid. \Micn veins in the external 
hemorrhoidal plexus become cnlargerl or Ihroro* 
bosed, the resultant bluish mass is called an 
c.xtcmal hemorrhoid. 

Both types of hemorrhoids arc very common and 
arc associated xvlth Increased hydrostatic pressure 
in the portal x-ctious system, characteristically noted 
during pregnanej", straining at stool, chronic liver 
disease, and sudden increases of intraaMominal 
pressure, or W'itU local factors associated with diar* 
rhea, tumors, or incomplete evacuation of fcccs 
WTven lutcmal Kcwvoxxhowls ctvlat^c, Yiaiw xS wot 
a usual fealxire until complicated by thrombosis, 
infection, or erosion of the ox-etlying mucosa! sur- 
face. Most persons complain of bright rctl blood 
on the toilet tissue or coating the stool, with a 
feeling of vague disi^uict about the state of their 
anus. The discomfort is increased xvhen the l»rmor- 
rhoidal enlargement becomes great or prol.apscs 
through the anus; prohapse is often accompanicil 
by edema and sphincteric sp.asm. Prolapse if not 
treated usually becomes chronic as the nmisciilans 
stays stretched, and the patient comphains of con- 
stant soiling of underclothing xvith very little p.a>n. 
Prolapsed hemorrhoids may become infected or 
thrombosed; the oxerlying mucous membrane may 
bleed profusely as the result of the trauma of drfe- 
cation. 

External hemorrhoids, lying as they do under the 
skin, are quite often painful, particularly if there 
is a sudden increase in their mass. These episode 
result in a tender blue swelling at the anal verge 
due to thrombosis of a vein in the external plexus, 
and need not be associated with enlargement of 
the internal veins. Since the thrombus usually lies 
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at the lex'eJ of the sphincteric muscles, anal spasm 
often occurs. 

The diagnosis of internal and external hemor- 
rhoids is made by inspection, digital examination, 
.ind direct vision through the anoscope and procto- 
scope. Since such lesions are very common, they 
must not be regarded as the cause of rectal bleed- 
ing or chronic hypochromic anemia until a thorough 
mxfstigdtion has been maile of the more proximal 
".istHHntestiiial tract. Atule blood loss to shock 
Ivxels c.\n more eertaudx be attnbuled to iptem.il 
heinonhoids seen to be bleeding actix'ely than can 
lesser degrees of chronic anemia in the presence of 
kirge but not definitely bleeding hemorrhoid^. 

Most hemorrhoids respond to eonserxatix-^ ther- 
apy, employing silz baths or other forms of moist 
heat, compresses, suppositories, medications to 
sollcn the stool, and bed rest. Internal hemojThoids 
xx'hich remain permanently prolapsed aro best 
treated by surgery; milder degrees of prolapse or 
enlargement xxith pruritus ani or intermittent bleed- 
ing can be successfully handled by the injection 
of sclerosing solutions. External hemorrhoids which 
become ncufel)’ thrombosed are treated by incision, 
extraction of the clot, and compressing the incised 
area folloxxang clot remox'ol. No surgery should be 
carried out in Uie presence of acute inflamination 
of the anus, ulcerative proctitis, or ulceratix-e colitis 
and both proctoscopy and barium enema ishould 
alxx-ays be performed before a patient is subjected 
to hemorrhoidectomy. 
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070 DISEASES OF THE 
A / PANCREAS 

Franz }. IngeJfinger 

Symptomatology. The outstanding symptom of 
pancreatic disease is pain. In addition, pancreatic 
disorders may produce symptoms by altering the 
structure and function of any of the following 
systems: (1) the pancreatic acini and ducts, (2) 
the islands of Langerhans, (3) the biliary passages, 
(4) the gastcaintcsUnal tract, (o) the portal cir- 
cidation, and (0) the lung and pleural cavity on 
the left 

Fa/n. The pain of pancreatic dise.'ise roughly 
corresponds in location to the position of the lesion, 
but its character is capricious and its borders are 
indeterminate. Presumably made up of both true 
visceral and referred somabc components, pancre* 
atic pain Is felt bct\%ecn tlie xiphoid and umbilicus 
in front, and bertveen the tenth thoracic and second 
lumbar vertebras in back. Frequently it bores 
through the body from front to back, or vice ^er$a, 
but superficial radiation along the costal margin is 
unusual. Because of the central position of the 
pancreas and Its bilateral sensory innervation, pain 
horn a lesion confined to the head or tail tends to 
be felt centrally, but with increased emphasis to 
right or left, depending on the position of the lesion. 

Abnormalities of Exicrnal Sccrelion. The pancre- 
atic juice, amounting approximately to 1,500 ml 
per day, contains water, bicarbonate (60 to 120 
mEq per liter), sodium (140 mEq per liter), 
potassium (4 mEq per liter), smaller quantities 
of otlier ions, and numerous digcstixe ferments 
classified under the broad headings of trypsin, 
amylase (diastase is used as an equivalent term), 
and lipase. Loss of this entire sccrelion through 
an external pancreatic fistula leads to dehydration 
and electrolyte depletion. In addition, dex'iation of 
the pancreatic enzymes from the gut causes a fecal 
loss of about half the fat and 30 per cent of the 
protein ingested. Carbohydrate is also digested 
poorly, but hydrolysis by intestinal bacteria prexmls 
its loss in the feces. Similar absorptive defects 
follow total pancrc.'ifcctomy, complete obstruction 
of the ducts, or extensive destruction of the gland 
by disease. On the other hand, subtotal resection 
of the pancreas or incomplete ini’ohcment by dis- 
ease usually does not bring about obi-ious steator- 
rhea (fecal hat loss) or creatorrhea (fecal protein 
. loss), since the rcscn-c capacity of the surviving 
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pancreatic acini is tremendous. In dogs, digestion 
may be unimpaired after resection of four-fifths of 
tlie pancreas. 

Abnormalities of infernal Secretion. Tlic islands 
erf Langerh.ans often remain relatively unaffected 
by inflammatory or neoplastic lesions of acinar 
tissue. Consequently, diabetes may be mild or even 
absent in the face of extensive pancreatic disease. 
Total pancreatectomy in man is compatible with 
Irfe, provided that insulin requirements (about 50 
units per day) are met and digestion is aided by 
oral administration of pancreatic material. The sug- 
gestion that the islet cells elaborate a lipotropic 
hormone (lipocaic) has not been accepted, made- 
quate digestion and absorption of nitrogenous sub- 
stances probably’ account for the fatty liver that 
attends total pancreatectomy in dogs. 

Disorders of the BtUanj Fassages, Lesions in the 
head of the pancreas may obstruct the common bile 
duct, producing jaundice, \\qthout a complicating 
infection, such purely mechanical obstruction of 
3 weeks’ duration or less rarely affects the liver 
seriously, especially if a normal gallbladder is pres- 
ent (see p. 1713). It is possible, but not estab- 
lished, that refiux of normU or infected pancreatic 
juice into the bdiaiy system may initiate disease in 
this organ 

Gastrointestinal Disorders. Nausea, vomiting, 
belching, bloating, distention, or diarrhea are caused 
partly by direct imtabon or refle.x stimulation of 
gastrointestinal motor function and partly by fer- 
mentation of undigested food residues. Digestive 
disorders also arise if the alimentary organs are 
displaced or compressed by pancreatic tumor; and 
direct invasion of the stomach, duodenum, or 
transvene colon by cancer of the pancreas may lead 
to mechanical obstruction or bleeding. 

Disorders of the Portal Venous Sysfem. Because 
of the intimate anatomic relationship of the splenic 
and portal veins and the pancreas, hematogenous 
metastases to the liver are an early possibility in 
pancreatic cancer; and neoplastic obstruction of 
the portal venous system may produce portal hyper- 
tension, gastric varices, and congestive splenomeg- 
aly. Thrombosis or erosion of the splenic vein is an 
occasional complication of pancreatitis. 

Pancreatic Function Tests. These depend on 
analjimg the blood, the intestinal contents, or 
both for pancreatic secretory products. PanCTcab'c 
abnormality is in general indicated by excessive 
amounts of such products in the blood and insuffi- 
cient amounts in the digestive tract. In the serum, 
normal amylase concentration is less than 150 
Somogyi units per 100 ml, and Iip-ise is less than 
15 Qierry-Crandall units per 1 0 ml. Inhibitor 
subsLinccs interfere with the satisfactory measure- 
ment of pancreatic proteases in the blood. Vlien 
the outfiovv of pancreatic secretion is blocked. 
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amylase and L’pase tend to regurgitate info tiie 
blood, in part via lymphatic routes, and serum Icsvels 
of these enz^Tues rise. Necrosis with disruption 
cellular membranes may presumably enhance this 
trend and also permits pancreatic deo:^Tibonudease 
to escape and accumulate in the serum. 

Latent pancreatic disease causing partial seca®- 
toiy block may sometimes be brought to light ly 
evocative tests. If the normal pancreas is stimulated 
by intravenous secretin (increases pancreatic output 
of water and bicarbonate), by intravenous pan- 
creozjTnin or intramuscular cholinergic drugs (in- 
crease pancreatic output of enzjTnes), or by a 
combination of such agents, serum levels of amylase 
and lipase change but little. In some cases of pan- 
creatic cancer or chronic inflammation, however, 
pancreatic stimalation produces serum enzyme con- 
centrations exceeding control values by 100 per 
cent. If the gland is extensively destroyed, stimula- 
tion of pancreatic secretion is patendy incapable 
of causing increased serum enzyme levels. In this 
case, ev’ocative tests )'ield falsely normal results in 
that serum enzyme concentrations remain at basal 
levels, but it is said that patients vWth such e.tten- 
sive pancreatic destruction also have some diabetic 
tendency and hence can be recognized by glucose 
tolerance tests. 

Urinary concentrations of diastase reflect serum 
amylase changes. The most informative test of 
urinary amylase is measurement of its 24-hr out- 
put; values abov’e 6,000 Somogyi units per 24 hr 
are considered abnormal, and above 15,000 as in- 
dicadv-e of pancreatitis. An increased output of 
urinary amylase may persist longer than increased 
serum amylase levels following an attack of pan- 
creatitis. 

Direct measurement of pancreatic secretion is 
accomplished by quantitative collection of duodenal 
contents after stimulation with secretin, pancreozy- 
min, or cholinergic drugs. Following secretin stimu- 
lation, the normal pancreas puts out a minimum of 
2 ml per kg juice per SO min, and a concentration 
of 90 mEq NaHCOa per liter. Accurate results are 
not obtained unless contamination of duodenal by 
gastric contents is prevented by simultaneous and 
independent gastric suction. Rough tests for the 
presence of pancreatic ferments in the feces (i.e., 
gelatin film test) are not useful in adult patients. 

Indirect evidence of pancreatic exocrine function 
is obtained by various tests of absorption. When 
pancreatic disease is advanced, microscopic exami- 
nation of the stools shows abundant fat droplets 
and meat fibers with sharp edges; and the admin- 
istration of test substances that require digestion 
prior to their absorption is followed by a sulmonnal 
appearance of their products in the blood. Such 
fecal examinations and "tolerance" tests are not 
.adequate, however, to detect borderline pancreatic 
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insufficiency. For this purpose, it is necess.vry to 
use balance studies, compaiing the oral intake and 
fecal elimination of substances which are measured 
(dicinically or, more simply, by isotopic techniques. 
Unfortunately early or limit^ pancreatic disease 
may fail to alter absorption as meastired by even 
the most meticulous methods. To diiferentiate mal- 
absorption of pancreatogenous and of other origin, 
the absorption of a whole food and of its digestion 
product may be compared. Thus I’^Mabeled tri- 
^yceride may be poorly absorbed in various malab- 
sorption states, but absorption of I‘®Llabeled oleic 
acid is much more normal when the pancreas rather 
than the intestine is at fault 

Although abnormal glucose metabolism is a 
frequent manifestation of pancreatic disease, evi- 
dence of such an abnormality is obviously not 
specific for infections or tumors of the pancreas 
Xylose absorption is relatively unaffected by pan- 
creatic insufficiency. 


ACUTE PANCREATITIS 

Acute pancreatitis is divided into the edematous, 
hemorrhagic, and necrotic v’arieties according to 
the pathologic change that predominates. Although 
the cliDi'cal and pathologic features of the three 
types vary, their pathogenesis is presumably the 
same, and such ddlerences as e.*dst arc attributable 
to the degree of pancreatic damage. 

Etiology. Acute pancreatitis tends to occur in 
patients with alcoholism, gallstones, and peptic 
ulcer; occasionally it appears as a complication 
of prcgnanc)*, essential hyperlipemia, and diffuse 
vascular disease such as periarteritis nodosa. Met- 
abohe and possibly genetic disorders that at limes 
appear associated with pancreatitis are essential 
hyperlipemia, aminoaciduria, especially an increased 
urinary output of lysine, and hyperparathyroidism 
A nol-infrequenl cause is trauma, either indirect, 
as from a heavy abdominal blow, or direct, as from 
surgery in the upper abdomen. Pancreatitis also 
appears in normal persons following a heavy’ meal 
and sometimes has no recognizable antecedent. 

The pathogenesis of pancreatitis presumably de- 
pends on intrapancreatic activation of proteolytic 
engines with consequent digestion of pancreatic 
tissue and blood vessels. Such pancreatic auto- 
digestion apparently may develop under two general 
conditioivs: (1) when pancreatic secretion is ob- 
structed, cither by a solitary lesion of a major duct 
or hy diffuse blockage of many tiny ductules; or 
(2) when acinar tissue is exposed to direct injury 
by’ toxins, ischemia, inflammation, or trauma. Ex- 
pcrimentally, for example, paticreatitis be initi- 
ated by the combined procedure of obstructing the 
pancreatic ducts and injecting agents such as bile 
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or bacteria to activate proteolysis. Tliis fact lends 
credence to the hypothesis tliat pancreatitis may 
develop if a stone in the ampulla of Valor or a 
spasm of the sphincter of Oddi impedes pancreatic 
secretion, with reflux of bile into the pancreatic 
ducts. Arguments against this theory arc ns fotlon-s: 
reflux of bile into the pancreatic duels may occur 
witliout untoward effects; the secretory pressure 
of the pancreas equals or exceeds that of the bitiaiy' 
sjstem; and a common channel of pancreatic and 
common ducts long cnougli to permit reflax proba- 
bly exists m less than 50 per cent of all persons. 

Direct injur)' to acinar tissue would appear to be 
responsible for the pancreatitis that follows pancre- 
atic trauma or a penetrating peptic ulcer. In ani- 
mals, the tissue damage and ischemia prodncxxl by 
a local Shwarlzm.an reaction or by Injection of 
staphylococcal toxin into the pancreatic ducts in- 
duces a fulminating pancreatitis. The nature of 
alcoholic pancrc<itilis is obscure; alcolwl docs not 
appear to have a direct effect on p.mcrc.ntic func- 
tion It has, howeser, been suggested that chronic 
pancreatitis in alcoholics may he a deficiency dis- 
ease because chronic pancreatic changes charae- 
tenze the deficiency disease kwashiorkor, and be- 
cause degenerative lesions can be induced in the 
pancreas of rats exposed to the methionine antago- 
nist clhionlnc. 

Incidence. Except for the occasional case ex- 
posed to abdominal trauma, or with an ,isc.ari$ in 
the duct of Wirsung, pancreatitis is rare m children; 
but it affects adidts of any age. As miglit be ontfei- 
pated from the incidence of the antecedent dis- 
orders, pancreatitis associated svitii alcoholism, duo- 
denal ulcer, or trauma is vastly more cximmon In 
men than in svomen; but es'cn pancreatitis associ- 
ated with gallstones is as common In men as in 
women in spite of women's greater tcnclcncj- to 
form gallstones 

S)'mptoms. Soeie upper abdominal pam, usually 
beginning with catastrophic suddenness, is the out- 
standing s)-mptom Its degree s'arics with the vio- 
lence of the pancreatic insult, but it is rarely less 
than agonizing In mild (edematous) pancreatitis, 
the patient may content himself with demanding 
analgesic mecheation, in the hemorrh.agic form, he 
IS anxious and restless even though motion m-iy 
aggravate his suffering, whereas the pam of necrotic 
pancreatitis is so severe as to produce shock. Tliongh 
ii-ntered initially in the upper midalKlomcn. the 
violent pain of acute pancreatitis usually diffuses 
to the back, chest, .ind the lower alxiomen 

Nausea and vomiting, abdomin.al bloating, and 
constipation are frequent complaints Mild jaundice 
may be detected clinically or biochemically within 
1 to 3 days of the onset in 25 per cent of cases. In 
those with alcoholism, ps) cholic episodes may com- 
plicate the picture. 


Fliysicnt Exammatfon. The patient is obviously 
thstressed and anxious. In some patients, beads of 
sueat emphasize an imdcrlying pallor; in others, 
subject to severe shock, the face is livid and tin- 
esetremities are clammy. Fever is usually not present 
initially, and the pulse, subject to a variety of 
defrase mechanisms, may be slow or fast, strong 
or impcrcc'ptible. The blood pressure reflects the 
degree of shock. Tenderness, voluntary resistancr, 
and spasm in tlic upper abdomen arc present to a 
variable degree, but these signs, in striking contrast 
to the intense pain, may be remarkably unimpres- 
siv’e. Moderate abdominal distention and suppres- 
simi of peristaltic sounds arc frequent findings 

Laboratory Data. Urinary output is depressed in 
shock. One out of four eases has glucosuria. and 
the incidence of choluria is the same. ”1110 white 
count ranges from 8,000 to 20,000, with increased 
polymorphonuclear cells A sinking finding in severe 
cases is hcmoconecntratlon, with hematocrit values 
at times exceeding 00 per cent. Mild hyperglycemia 
IS common, not only because of islet cell ifamage 
but also because of llie patient's reaction to violent 
stress. 

Tlie concentration of pancreatic cnTjmes in the 
blood provides tlie most specific laboratory informa- 
tion Within 8 hr of the onset of acute pancreatitis, 
senim amylase v.ilues rise in 80 per cent of the 
cases to values exceeding 250 Somog)'i units. After 
48 hr, even in the face of clinical evidence of eon- 
timiing pancreatitis, am)lasc values tend to return 
to normal As am)l3sc dccre.iscs, blood lipase values 
nse in abcnit half the patients to c.xcccd 2 0 Cherry- 
Crandall units and then subside slowly over a penod 
of da)s to weeks. In severe cases, blood calcium 
levels fall 3 to 10 days after the onset, pre- 
sumably because calcium soaps form with the f.nltv 
acids liiicralcd by lipolytic destruction of abdominal 
and retroperitoneal fat. 

X-ray. Abdominal films may reveal moderatelv 
distcmlptl gas-filled loops of intestine; the paraljtie 
ileus particubrly affects the jejunal coils near the 
pancreas ("stnlmcl loops"). 

Course. Hemorrhagic or necrotic pancn.*atitis is 
fatal In over 50 per cent of the cases. Almost all 
cases with edematous p.ancrcatitis recover. In the 
most scvxirc eases, death occurs within hours Tlie 
mildest forms, on the contrary, subside tximplcli’ly 
with ctpial rapidit}’. Most clinically rccogni/cd at- 
t.icks run a course between these extremes. Ab- 
dominal pain and distention persist or ma)’ rc.ippear 
m bouts of renewed intensity, expressing not only 
further pancrcabc injury but also chemical peri- 
tonitis which develops as peripancrcatic. mesenteric, 
and omental tissues arc digested. Concurrent with 
fjt necrosis, a dark, bloody, and cloudy peritone.il 
exudate accumulates in amounts ranging from 500 
to 2,000 ml. The patient at this point is no longer 
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in shock but appears toxic and febrile. Hypocal- 

cemlc tetany occurs in some cases. 

Hemorrhagic phenomena manifest at the onset 
of pancreatitis and reflecting proteolytic injury to 
clotting mechanisms are seen but rarely. From 3 
to 6 days later, however, edema and the typical 
blue-green-brown discoloration of a hematoma may 
appear on the abdominal wall, either about the 
umbilicus or in the flanks (Grey-Tumer sign). The 
source of the blood is the hemorrhagic pancreas, 
whence blood seeps by retroperitoneal routes to 
reach the abdomind wall. 

Late compL'cations of pancreatitis are the forma- 
tion of abscesses or pseudocysts (see Pseudocysls), 
an increased susceptibility to further attacks of 
pancreatitis, and chronic pancreatitis. The abscesses, 
usually sterile, are essentially collections of pancre- 
atic secretions, necrotic debris, inflammatory cells, 
and tissue fluids. Pain, fever, chills, and left-sided 
pleural effusions arc often evident. The process 
may subside spontaneously or may drain by ruptur- 
ing into the alimentary tract, but surgical drainage 
is usually required. Serious and life-threatening 
complications arc secondary bacterial infections, 
at times by gas-forming anaerobes, perforation with 
retropentoneal sepsis, rupture into a major blood 
vessel with internal hemorrhage, and persistent ex- 
ternal pancreatic fistula following drainage proce- 
dures. The disease may run & slow do^vnhill course 
characterized by malnutrition, ileus, aod diar- 
rhea. 

Differential Diagnosis. Any severe pain in the 
middle of the body should suggest pancreatitis. A 
history of previous attacks of pain is common but 
also chararferizes important differential diagnoses. 
Once pfimettatinis is its diagnosis can 

usually be established by measurement of pancre- 
atic enzymes in the blood, by exclusion of fte con- 
ditions most likely to simulate pancreatitis, and 1^ 
the course of the disease. In considering the differ- 
ential diagnoses (Table 279-1), it is well to remem- 
ber that coron.nry occlusion and biliary colic are 
approximately twenty times as common as acute 
pancreatitis, that perforated ulcer is three times as 
common, that mesenteric vascular occlusion is, ex- 
cept in postoperative cases, somewhat less common, 
and that a dissecting aneuiysm is rarely seen. 

Elevation of scrum amylase levels, as occurs in 
pancreatitis, sometimes is seen in mumps, in patients 
given morphine (presumed reason: contraction of 
sphincter of Oddi uilh temporary "backing up" of 
pancreatic juice), in perforated ulcer (presumed 
reason: leakage of pancreatic enzj’mes from duo- 
denal lumen into peritoneal cavity and thence ab- 
soqition into blood), in some cases of acute 
cholecystitis un.iccompanied by p.increatic reac- 
tion, and in isolated instances of various other con- 
ditions, particularly mesenteric vascuLir occlusion. 
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Treatment. Direct surgical attack with incision 
and drainage of the inflamed pancreas h.ns been 
gcaerally abandoned as ineffective and as incurring 
the risk of external pancreatic fistula. Surgeons 'vho 
believe that pancreatitis is caused by biliary reflux 
favor dramage of the common bile duct or the gall- 
bladder in the hope of achiev’ing "decompression,” 
but the preponderant tendency at present is to trc.at 
pancreatitis conservath'ely. 

The rationale of therapy is (1) to keep pancre- 
atic secretory activaty at a minimum, (2) to av'oid 
any increase in ductal obstruction, and (3) to 
prevent potential and treat actual complications. 
Shock and hemoconcentration are treated with 
parenteral water, electrolytes, and human albumin, 
Since opiates increase the resistance of the sphincter 
of Oddi, meperidine is recommended on theoretical 
grounds for relief of pain but proves inadequate in 
many severe cases. In such cases, morphine or its 
derivatives may have to be used. Nothing is given 
by mouth, and constant gastric suction is used for 
several days to reduce intestinal distention and 
secretin production by the duodenum. Fluid, salt, 
and small quantities of glucose are given fntra- 
venously with temporary disregard of caloric re- 
quirements. Because secondary infection of necrotic 
tissue, of partially obstructed biliary passages, or 
of atelectatic lung is a dangerous possibility, pro- 
phylactic daOy doses of parenteral penicillin 
(1,000,000 units or more) and streptomycin (1 
Cm) are advisable. 

Other, less routine measures may be used. Anti- 
cholinergics, in full parenteral doses (e g., 30 mg 
of propantheline bromide, 0.5 to 1.0 mg of rOeth- 
scopolamine bromide) are given every 6 hr to 
inVivbvi ^ Nogai phase oi psfiwaeatio atxnttton, Viw\ 
the rationale of such therapy m massive necrosis 
of the pancreas is questionable. Although experi- 
mental evidence suggests that inhibition of carbonic 
anhydrasc with aeetaroleamide (Diamox) decreases 
secretin-stimulated pancreatic secretion, the eSicacy 
of Diamox wi the management of pancreatitis is not 
striking. Numerous case reports assert that ACTH 
or parentcraliy administered adrenal glucocorticoids 
are lifesaving when given to the desperate case of 
acute pancreatitis, but such apparent salutory ef- 
fects are difficult to evaluate, and it is quite clear 
that acute pancreatitis may suddenly strike a pa- 
tient receiving adrenocortical therapj’ for other 
reasons. Paravertebral, splanchnic, or epidural pro- 
caine block sometimes relieves pain dramatically, 
and some investigators believe that these procedures 
not only are ^Tnptomatic hut also actually help the 
injured pancreas by augmenting its blood supply. 
IIypcfgl}eemia may require control with insulin. 
Hj-pocalccmia is treated by injections of calcium 
gluconate, 10 ml of a 10 per cent solution (90 mg 
being p'vcn slowly by vein. Tlie total amount 



1GG4 


DISEASES OP OnCAN SYSTEMS 


SEC. 5 


Table difkertsTUi. or acdte pancreatitis* 


Di«ca#o 

History 

Physical examination 

Laboratory findings 

Acute imncrcatitis 

Sudden onset, often with im- 
mediate maximal develop- 
nient of pain 

Past or recent history of gaU- 
stoncs, alcohutism, peptic 
ulcer, dietary deliauch, 
trauma, or upper abdomi- 
nal surgery 

Abdominal findings moder- 
ate as compared to vio- 
lence of pain 

Tenderness extends to lelt of 
epigastrium 

Abdominal distention mod- 
erate or absent 

Peristaltic noises diminished 
or absent 

Shock and cyanosis may be 
striking 

Patient may be restless 

Elevation of amylase in sc- 
rum and urine 

Hypocalcemia in severe cases 

Paracentesis: evidence of fat 
necrosis, sometimes san- 
guineous fluid, high amyl- 
a®e levels 

X-ray may show fluid at base 
of left pleural cavity 

Perforated viseus, espe- 
cially peptic ulcer 

History of ulcer 

Boardlike spasm and tender- . 

ness in epigastrium 

Patient fears movement and 
jarring Shock rare 

X-ray shows free intraperito- 
neal air 

Mc-aentcric vascular oc- 
clusion 

Elderly patient with cardio- 
vascular disease or recent 
operation 

Development of pain may be 
gradual 


I\'BC over 20,000 
Paracentesis: sanguineous 
fluid 

Stool may contain blood 

Acute intestinal obstruc- 

' Intermittent colicx with rcia- 

Abdominal di«tention with 

X-ray of abdomen shows 

tion 

Biliary colic 

tivecomfort between pains 
Fast history of abdominal 
operation or of inguinal or 
femoral hernia 

Pain more righl-sidc^t, more 
gradual in onset, and leas 
prostrating than that of 
pancreatitis 

loud pcrislabis 
. Shock rare 

Patient mov'cs around with 
colic 

Tenderness fna.xlmal on nght 
side of abdomen 

characterisUcs of meebani- 
ctd obstruction 

Coronary occlusion . . . 

Pain usually maximal in 
chest, neck, or arms 

Ilelatively few abdomuial 
findings 

Shock and restlessness often 
present 

niectrocardiograpliie abaor- 
malitles 

Dissecting aneurysm of 
aorta 


Icip^red femoral pulsauons 
Shock and rcsUessucbS often 

Hematuna 


• The points listed are, if present, important guides toward the eorreet diagnosis, tjut they are not invariable 
features of the dise.iscs under which Ihoy are grouped 


needed is detcniiincd by tlie patient’s dinical re- 
sponse and his serum calcium lo> el 

As the patient Improves, foods may be given 
slowly, beginning vvitli a low fat, low caloric intake 
wliich is increased according to individual tolerance. 
Residual intraperitoneal coUections may have to be 
drained eventually. 

PSEUDOCYSTS 

Sometimes the collections of fluid and c^ular 
debns that may follow pancreatitis produce only 
moderate inflammatory reaction but persist in 
clironic form for weeks to months. Usually situated 
in llie middle or left upper abdomen, these pscudo- 


ejsts may fluctuate in size or may form tremendous 
masses whicli create symptoms by pushing the 
duodenum to the right, the stomach forward (Fig. 
279-1), the left diaphragm and lung upward, and 
the transverse colon downward. Aching distress 
rather than acute pain is the usual presenting com- 
plaint 

Pancreatic pseudocysts are tender and usually 
are readily palpable. Their cystic nature, however, 
is difBcult to ascertain, for the mass, as palpated 
through muscles tensed by considerable guarding, 
may give the impression of hardness. Signs of fluid 
or atdactasis at the left lung base .are common. 
X-rays establish the location of the tumor and ex- 
clude lesions of the gastrointestinal tract and Ud- 
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neys. Jaundice occurs in about 10 per cent of the 
cases. 

The principal differential diagnosis is upper ab- 
dominal neoplasm, particularly of the pancreas. If 
an attach consistent wth pancreatitis has occurred 
Nvithin months, the history is helpful, but in ap- 
proximately one out of three pseudocysts, the initi- 
ating pancreatitis is mild, atypical, and unrecog- 
nized. In these instances, the existence of conditions 
predisposing to pancreatitis, such as gallstones, 
alcoholism, duodenal ulcer, or trauma, provides a 
basis for suspecting a pseudocyst. On the whole, 
the patient with pseudocyst, though perhaps febrile 
and distressed, is not so debilitated as one \\'ould 
expect were his huge abdominal mass composed of 
neoplastic cells. 

In case of doubt, exploratory surgery is always 
warranted. Surgical treatment of a pancreatic 
pseudocyst consists of external or internal drainage 
or of removal with or without simultaneous resec- 
tion of pancreatic tissue. 


CHRONIC RELAPSING AND 
CALCAREOUS PANCREATITIS 

Chronic relapsing pancreatitis sometimes is initi- 
ated by a clear-cut attack of acute pancreatitis; at 
other times it begins insidiously with atypical and 
relatively mild pains. Whatever the onset, the 
pancreas undergoes chronic changes consisting of 
acinar destruction, inflammatory reaction, intersttb'al 
fibrosis, and variable damage to the islet cells. In 
about half the cases, calcific deposits form in the 
tubules, the pancreatic substance, or both (Fig. 
2,79-Sl. The name calcareous or calcific pancreatitis 
is often appbed when the pancreas is irregularly 
calcified, but the clinical characteristics are similar 
to those of chronic relapsing pancreatitis without 
calcific deposits. The formation of pseudocysts is 
a common complication. 

As is true of acute pancreatitis, the chronic 
varieties tend to appear in alcoholic patients, those 
with gallstones or peptic ulcer, and in those who 
have had upper abdominal trauma. In the past, 
gallstones have been considered os the principal 
antecedent, but at present, particularly In males 
witli calcareous pancreatitis, chronic alcoludism is 
the commonest background condition. 

Although chronic pancreatitis occasionally runs 
a painless course, the outstanding sjTnptoms are 
recurrent bouts of pain, interspersed by periods 
citlicr a$)-mptomatic or cliaracterized by persistent 
distress. The episodic pains, probably caused 
limited but acute p.incrcatic infl.immation, resemble 
the pains of acute edematous pancreatitis in (heir 
ch.nractcr, location, and radi.ition. TIjc nature of 
the chronic distress is imprcdictablc, partly because 
the patient witli relapsing pancreatitis, sometimes 



Fig. 279-1. Paaneatk pseudocyst In this lateral vl(nv 
(lie body of the stomach appears to be pushed forward 
by a large mass behveen it and the spine. The cause 
of the pseudocyst is well shown; a large penetrating 
duodenal ulcer. 

on alcoholic and sometimes addicted to narcotics 
after months of agonizing pain, is a poor dcscribcr 
of his pains. 

The changes of chronic pancreatitis are so diffuse 
that some degree of pancreatic insufficiencj’ is often 
manifest. Because of impaired lipolyt/e and proteo- 
lytic actirity, digestion is impaired, weight loss is 
striking, and fatty and nitrogenous foods arc lost 
in the stools. The patient may consider his bouc) 
mos'cmcnts normal, but direct questioning reveals 
llial they are bulky, light and greasy in appearance, 
and lend to float, all indications of steatorrhea- Al- 
though die absorption of vitamins D and K I# im- 
paired, tetany and purpura, such as occur in sprue, 
are extremely unusual. Frank diabetes occurs in 
only 10 to 15 per cent of the cases, but impaired 
glucose tolerance is found in 75 per cent. A fc\v 
patients, for unknovsw reasons, manifest hj'pcr- 
lipemia, either persistently or only during tlic ocute 
attacks. 

Diagnosis. Clironic relapsing pancreatitis is a 
good dia^ostic possibilit)' in all patients suffering 
from recurrent upper abdominal pain, cspeci.ally 
if (1) pain and tenderness extend to the left of the 
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Ffc. 270*2. Ctironic rclipilng pancreatitis. la thts film 
of the upper aUoinen the entire pancreas is shown 
outlined uy estensise calcific deposits. 


midlinc, (2) alcoholism is present, or gallstones, 
and (3) more common abdominal disorders Iiavc 
been excluded. The disease also may explain mild 
or recurrent Jaundice, diabetes, or S'ague symptoms 
of indigestion, particularly if these phenomena are 
accompanied by low-grade fever or a persistently 
clcnatwl sedimentation rate, olhenrise unexplained. 
If pancreatic calcification is present, its radiologic 
demonstration permits ready diagnosis, but specially 
positioned oblifpic views in a patient who has not 
ijccn gi\en barium in the immediate past may be 
necessary to demonstrate small calcareous deposits 
In palu-nts without such calcification, diagnosis is 
licst achiescd by scrum amylase determinations 
taken within 8 hr of a major attack. Ilcpcal«l at- 
tempts may be necessary, however, for the levels 
ol nm)\ase do not rise with eacli episode. TIjc 
bicarbonate concentration of soerctm-stimubted 
pancTi-atic juice is said to be reduced in 05 per 
cent of cases of chronic pancreatitis. Absorption 
tests may rtneal impairment of this function, but 
it is not certain that they reveal early or mild dis- 
ease* of the pancreas. 

, ) 


Treatment. Tlic consequences of p.incrc-alic in- 
sufficiency can be controlled with motlerale success 
hy dietary restriction of fats and calorics and by 
oral administration of 10 to 20 Gm pancreatin 
daily, ^(edic.al control of pain, on the otlicr hand, 
is desultory. Manipulation of diet, anticholinergics, 
and ulcer-type regimens, given in the hope of 
controlling gastric acidity and thereby lessening tlie 
stimulus for secretin production, arc all more or 
less incffccthe. ACTH, cortisone, and similar agents 
are of doubtful benefit and may cause harm because 
of their effect on gastric secretion. Surgery must 
thcrcd^orc be tned when p.iin is disabling, but its 
results, too, are far from satisfactory*. Surgery is 
most successful if a responsible biliary tract ab- 
normality*, such as stone, can be corrected; or if 
obstruction of a major pancreatic duct exists and 
can lie eliminated by cutting a stenotic sphincter 
of Oddi, removing an obstructing lesion near the 
sphincter, or establishing rc\*erse drainage by resect- 
ing the pai^crealic t.iil with anastomosis of the 
severed duct to the jejunum Vagotomy, subtotal 
gastrectomy to reduce gastric secretion, and cuttiiit; 
a normal or “spastic" sphincter of Oddi to prevent 
biliary* reflux m the pancreatic ducts liave produced 
erratically successful results Bilateral sympathec- 
tomy and splanehniccctomy may be used as sympto- 
matic proc^urcs to relieve pain, but the relia is 
only* temporary in most of the cases If the process 
IS localircd, partial pancreatectomy may prove suc- 
cessful; tot'd pancreatectomy relieves pain but 
results in other disabilities. 


nunocYSTic disease 

In Uus perhaps geneticaUy transmitted disorder 
of infancy* and childhood, sev’cral organ systems are 
affected. ( 1 ) The pancreatic acini are replaced by 
fibrotic tissue, multiple ^'Sls, and inspissated 
mucus. The clinical manifestations of the conse- 
quent pancreatic insufficiency* are malnutrition and 
bulky and greasy stools. (2) Somewhat similar 
pathologic changes affect tlic lungs so that the 
patient suffers from obstructive emphysema and is 
susceptible to clironic broncliopneumonia. (3) The 
sweat and the saliva contain high concentrations of 
chloride and sodium; in hot wcatlier this abnormal- 
ity may cause acute salt depletion and at times 
death. (4) In a few cases, the smaller hqiatic 
biliary* channels are plugged, with the consequent 
development of cirrhosis and portal hypertension 
(5) In the newborn Infant a thick meconium, pre- 
sumably viscous liecause pancreatic juice is absent, 
may cause meconium ileus (0) Retinal changes 
have liccn descnlicd. 

The ctiolosy is obscure. One hvpolhcsis holds 
that abnormally viscid mucus blocks small tubular 
structures in the various organs involved. This con- 
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cept of "mucoviscidosis,” however, does not explain 
the abnormalities of sweat, since sweat glands 
secrete no mucus. Diagnosis is made on the basis 
of the clinical picture, deficiency of pancreatic 
ferments, and high sweat electrolytes. A simplified 
method to detect abnormal electrolyte concentra- 
tions in sweat is provided by an agar plate con- 
taining silver nitrate and potassium chromate or by 
modifications of this teclmic. If the palm is placed 
on the plate, a white imprint of the hand develops, 
the degree of whiteness corresponding to the 
amount of silver chloride formed, which in turn 
depends on the amount of chloride in the sw’cat. 
Treatment consists of pancreatic substitution ther- 
apy and, for the pulmonary complications, potas- 
sium iodide to loosen bronchial secretions, postural 
drainage, and a combination of penicillin and 
streptomycin. 

Because of longer survival of moderate cases, 
and because mild cases m.iy pass through child- 
hood unrecognized, adult cases of cystic fibrosis 
may be more prevalent than heretofore appreci- 
ated- Thus some adults regarded as having "idio- 
pathic” pancreatitis, bronchitis, cor pulmonale, or 
hepatic cirrhosis may in fact be the victims of 
cystic fibrosis. Some reports also suggest that bor- 
derline cases of adult cystic fibrosis, recognized on 
the basis of family historj' and sweat electrolyte 
tests, are prone to peptic ulceration. 


CANCER 

Incidence. Cancer of the pancreas predominantly 
affects patients over forty-five, attacks men twice 
as frequently as women, and accounts for about 
one out of every two to three hundred deaths. It 
is seen about one-tenth as often as gastric cancer 
in men and one-fortieth as often as mammary 
cancer in women. Diabetic patients are beh'eved 
to have an increased susceptibility to the disease. 

Symptoms. Weight loss, pain, and jaundice are 
the outstanding symptoms. Digestive disorders, in- 
cluding anorexia, nausea, loose stools, or, more 
commonly, constipation, are prevalent, The site of 
the lesion, however, to a great extent tnSuences 
the character of the symptoms, their time of onset, 
and their correct interpretation. 

Considering the total course of all types of pan- 
creatic cancer, jaundice occurs less frequently than 
weight loss or pain, but diagnostically it is the most 
important symptom. It points specifically to the 
biliary passages, and in lesions near the ampulla 
of \'atcr gives early warning before extensive 
growth or metastasis has taken place. Tlie course 
and intensity of the jaundice depend on the degree 
of biliary obstruction (Table 2T9-2). In advanced 
cases of cancer of the head of the pancreas, it 


assumes a deep, greenish-brown hue. Itching is an 
associated symptom in three-fourths of the cases 

literally painless jaundice characterizes cancer 
in the head of the pancreas in only a few cases. 
More frequently, the patient suffers from vague 
abdominal distress and fullness, sometimes worse, 
sometimes better after eating. The severe pain of 
cancer in the body or tail may, however, be diag- 
nostic: it bores through to the midback when tlie 
patient lies supine, and he obtains relief only by 
standing or by sitting hunched up with arms 
clasped about the knees. 

Physical Examination. Physical examination may 
reveal nothing except jaundice and the excoriations 
produced by scratching. In spite of bib'ary obstruc- 
tion, hepatic enlargement is not striking unless the 
liver is involved by metastascs or cholangitis, or 
the gallbladder is not functioning. In protecting 
the liver from back pressure, howev'cr, the gall- 
bladder is itself enlarged in nearly all malignant 
obstructions of the common duct, but ft can be 
palpated in only half the cases. A definite finding 
of an enlarged, nontender gallbladder in a jaun- 
diced patient may therefore be taken as a reliable 
sign of malignant choledochal obstruction (Cour- 
voisier's law)- No diagnostic inference is warranted 
if the gallbladder is not palpable. 

In adv'anccd cases, abdominal masses, enlarged 
supraclavicular nodes, a liver hardened and en- 
larged by metastases, or evidences of ascites may 
l)c found. Splenomegaly does not occur except in 
the rare case of occlusion of the splenic vein by 
cancer arising in the pancreatic body or tail. In 20 
per cent of the cancers at this site, spontaneous 
venous thromboses of the extremities, particularly 
die legs, take place. 

Laboratory Data. Tlic urine, blood, and feces of 
nonicteric patients are often normal. Those with 
icterus m.mifest persistent and progressive bilirubi- 
nemia and choluria. The stools may be greas)', 
"abundant, of a pultaceous consistence, very defi- 
cient in bile, and most dreadfully foetid” (Richard 
Bright, 16S3). In at least half the cases, however, 
the clay-colored stools are not grossly fatty and arc 
more like putty than butter. Since bile salts are 
necessaiy for the absorption of vitamin K. Inpn- 
prothrombinemia develops with prolonged biliary 
obstruction. 

Since neoplastic cells arc in general nonfvinction- 
ing. and since the functional capacity of surviving 
acinar cells is tremendous, serum enzv-me values 
are normal in three-fourths of the cases Except in 
case of very small and nonobstmeting lesions, the 
volume of pancreatic juice in response to secretin 
stimulation is usually reduced. Glucose tolerantx; 
tests are abnormal in 40 per cent of tlie cases, but 
the patients ago or an anteci'detit diabetes may 
account for this finding. Many patients with pan- 
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crcalic cancers have increased serum values of 
leucine amino peptidase, but sucli increases are 
principally the nonspecific result of hepatic meta- 
stasis or of biliary tract obstrtiction. 

Because ampullary cancers tend to ulcerate and 
form fistulas between the biliary and alimentary 
tracts, the results of laboratory tests may differ 
from tliose usually obtaining in jaundiced patients 
\%ilh cancer in the head of the pancreas (Table 
279-2). 

Course. Pancreatic cancer leads to death 
inanition, biliary obstruction, local extension, or 
distant metastases. By direct extension, the cancer 
may invade the liver, spleen, stomach, duodenum, 
colon, portal venous system, or peritonrum. In- 
v’asion of the gut or development of varices follow- 
ing malignant occlusion of the portal or splenic 
vein can cause moderate to severe gastrointestinal 
blood loss. Peritoneal seeding or, verj* rarely, portal 
obstrucUon is responsible for aseilcs. Metastatic 
lesions develop in the regional Ijmph nodes, liver, 
lungs, mediastinal and cervical Ij-mph nodes, and 
bones. 


Diagnosis. In jaundiced patients, differential 
diagnosis from liver disease or gallstones depends 
on the clinical picture and on laboratory tests 
showing. In pancreatic cancer, regurgitation jaun- 
dice (Chap. 19) and normal hepatic metabolic 
function (Chap. 19). Favoring pancreatic cancer 
is a gradual onset of sj’mptoms in elderly patients 
without antecedent acute malaise, intermittent col- 
ics, or chills and fever. If itching is noticed before 
jaundice, meebamea! obstruction of the biliaty pas- 
sages is likely. In early cases, before diagnosis is 
made obvious by massive or metastatic growth, 
cancer is indicated by finding an enlarged gall- 
bladder and a nontender liver not more than mod- 
erately enlarged, and by not finding such stigmas 
of liver disease as spider angiomas, dilated ab- 
dominal veins, and splenomegaly. 

Radiologic procedures may show iho effect of 
the pancreatic lesion on other organs. Changes in 
the mucosa or configuration of the duodena] loop 
or stomach may sometimes appear as early phe- 
nomena, but secondary gastrointestinal abnormali- 
ties are usually signs of advanced disease. Applica- 


raM« SJO-S. cuMCAt peatuhes and LABoavroBT riNpixcs lv cancer op tub bicb neerrs and rAxcitEAS* 



Cancel of 

Cancer of 

Cancer of 

Cancer of body and 


ampuila of Vatep 

bite duels 

head of pancreas 

tall of pancreas 

Ptda . 

Absont-C0% 

Absent — 10% 

1 Absent to mild— 15% i 

.Umost mvarlobly 


Moderate— 40% 

Moderate to severe— 

Moderate to severe — 

present 



00% 

85% 

Agonizing and bunng 
Often norsc in back 





and accentuated 
when patient is su- 
pine 

Jaundice; 



1 


Onset 

Early 

Early 

Vonvlilo 

Late (0 terminal 

Character.. 

Progressive ond 

Progressive and 

Progrprsive and 

Mild to moderate 


matkevi — 80% 

1 marked— 90%, 

marked 



EluctuaUng,— 20% 

ITwcluaUn^— W%> 



Weight Io«s before onset 

None to mild 

None to moilcrotc | 

Occasionally none, 

.Marked, lU to UO lb 

of laundiret 



but often 10 to 20 lb 


r<wcr and chills . . 

20% 

10% 

None 

May have low-grade 
fever 

No chills 

Ilepalomcgaly 

None to slight 

Sliglit in some coses, 

Moilcrato 

None to markcil 


but may tie extreme 

Marked on! v if nii'tas- 

Swe depends on degree 




loses present | 

of metastatic in- 





volvemcnl 

Enlarged gallbladder 





palpable or visible . 

50% 

20% 

50% 

0 

Splenomegaly 

None 

None 

Kone 

Occasional 

Dilc in stools and tiri> 

Absent — btl% 

AliscDt— 90% 

Atwnt 

IVesent 

lidinogen in urme 

Fluctuating— 20% 

Fluctuatbg— 10% 



Occult bloo<l in stools . 

50% 

15% 

Bare 

Hare 


• Bemu*© of thrir nnnttmue provimity, advanced cannTsof the ampulla of Voter, Uio Idle ducW, and the p.ancrcatic 
head at limes cannot t>e dislinRiiviicd cluiically, 

1 All these cancers cause improwive « eight loss moncr or later. 
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lion of newer x*roy tccliniques, such as aortograms 
and splenoportograms, rarely proves fruitful; per- 
cutaneous cholangiography ^’ia the gallbladder or 
the liver may be diagnostic but is risky (see Chap. 
281). 

^Vhen the patient is not jaundiced, early diag- 
nosis is difficult, particularly since the patient may 
exhibit psychoneurotic tendencies. Persistent pain 
and progressive weight loss with negative radio- 
logic studies of the alimentai)*, renal, and biliary 
passages should raise the suspicion of pancreatie 
cancer. In patients AWth ascites, the character of 
the fluid and its cellular content often permit the 
diagnosis of cancer, but differential diagnosis from 
ovarian, gastric, or primary hepatic cancer is not 
casj'. Duodenal drainage may reveal neoplastic 
cells in the cellular sediment. 

Treatment. Resection of lesions confined to the 
ampuUary area is successful in terms of S-year 
cures in IS per cent of the cases. In cancers located 
elsewhere in the pancreas, extensive pancreatic- 
duodenal resection, including total pancreatectomy, 
is feasible in many instances, but the patient almost 
in^•ariably succumbs to local or distant recurrence. 
In jaundiced patients, however, palliative anasto- 
mosis of the gallbladder to the intestinal tract 
affords relief from the intolerable itching. Before 
operation is undcrt.akcn, any existing deficiencies 
of water, electrolytes, red cells, and vitamin K 
should be corrected. 


OTHER CONDITIONS 

The pancreas is often involved by mumps, but 
only rarely is pancreatitis the solo manifestation of 
the disease. Like other viscera, the pancreas may 
be affected by periarteritis nodosa. 

Ectapically placed pancreatic tissue may be 
found in the gastrointestinal tract, Mcckcls diver- 
ticulum, and various other areas. Nearly all pan- 
creatic rests radiologically discovered in adults, 
however, occur in the distal stomach and duode- 
num. Rarely the rest creates an annular constriction 
of the duodenum. 

Unusual pancreatic neoplasms are cystadenomas, 
cystadenocarcinomas, and hemangiomas. Benign 
and malignant growths of the islet cells are dis- 
cussed in Chap. 71. 


TJic reader is referred to Chap. 6, Acute Ab- 
dominal Fain; Chap. 17, Constipation and Diar- 
rhea; Chap. 29, Jaundice and Other Manifestations 
of Liver Disease; Chap. 70, Diabetes MclUtus; and 
Chap, 94, Disorders of Carbohydrate Metabolism, 
for further consideration of problems discussed in 
this chapter. 
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Section 6: The Liver, Gallbladder, and 
Bile Ducts 


DISEASES OF THE LmSK 

Gerald Klalskin 

In trj’ing to establish the nature of any hepatic 
disorilcr it is ficlpful to begin with a consideration 
of the prolwhle anatomic localization and morpho- 
logic character of the underlying lesion before pro- 
fcctling to the idcntificatiun of its etiology. Despite 
the intimate interrelationships between the major 
functional components of the liver and the tend* 
incy for lesions in one to affect the others second- 
arily. it is possible usually to distinguish among 
diseases that arise in the hepatic parenchyma, 
liihary tree, and vasculature. In many instances ll»e 
etiology u unknosni, while in others the etiology 
must be inferred from the chamclcr of the lesions. 
Tor that reason a morphologic cbssincation of liver 
disease (Talile 280-1) Is more practical than one 
based on etinlogic factors. 

TalU SUM. euMirtcATtoN or user oi^kasb 
I riiri-nrhymul 

.-I. llrpntitiii viml,"Iupoi<i‘'toxicAnddrua-ui<iur«il, 
oAKoci'ited iviih syulcmic infections, kmiuiIoriu- 
tmjs 

Ti. Cirrlio'is: I.«scniioc’s, poB.lii<vrotic. biliary, lar- 
dtxc, }tfiifK/e-linK7!ii<rrn, Wilean'g difcgge, ear/' 

t>|KS 

C InfiUrations t.»t, iron, BhroRcn, nmyloid, Jyin- 
phoms. (Jnuclicf's di-eiisc, Nirmann-l’irl ik-en.’ie 

D. Spsre-orcniiving ifsioiw; liimor* anuliipalr-crsB. 
pjTiprniP nljfici“w. Kiiinniai>, Ccliini>Pocru« cvtsI 

E. Funrtifinil dwcntcni wciinip-Tnioil l>y jnwulire: 
tiiltti-rt’s iijnilninip, Uutnii-Joliii>-oR pyrnlrome, 
Itnlor r.vndfonie, CngliT-Nnjjir sjndrwne 

II. Ilcjintolnlurj’ 

it liStrahfTiatic biliary oljstrurtion: tUme, itne- 
tiin-, maligmncy 

/t nioianpiiw 
III WfuLir 

A. CliToiilc- pwdvc fongi-ftion 

H. Caolnr cirrliO'is 

C. IbicM-Clinri pyndrome 

I> Portiil vein tlironilKxis 

E. Vvlejihtrlvltla 

F. Cnivilliier.ItsumBartrn njuiliomr 

; IBTO 


To avoid iinnctessaiy diipUcation, tlic cliiiic.il 
inantfestattons and functional abnormalities shared 
by many diseases of the liver are considered to- 
gctlier in Chap. 10 The latter is intended to serve 
as ati introduction and should bo read in eonjunc. 
lion with the discussion of the Individual diseases 
in the section to follow. 

HEPATITIS 
Viral Hepatitis 

Viral hepatitis is on acute sy'Stemic infection tliat 
atTccls the hver predominantly, giving rise to highly 
characteristic hepatic lesions. The disease occurs In 
two forms due to closely related but distinct ctiu- 
logic agents known as ttrus III and Sff, or A and 
B, respectively. Tlie two infections arc indistin- 
guishable on the Lists of their clinical and morpho- 
logic manifestations, but they exhibit differences in 
their epidemiologic and Immunologic behavior 
The HI type is known as infeefiotit or c/ddem/c 
hcpattlls, the SH type as homologous serum, post- 
frtffij/im'on, iuoculatlon, or stjrtn^c-iransmHted 
hciMtills Since bolli vinives may be transmitted by 
the parenteral route, the terms indicated may be 
confusing There is a growing tendency, iJicreforc. 
to supplant them with the terms HI and SH or A 
and B vir.il hepatitis Before the pathogenesis of 
viral hepatitis was UDderstnod, the III type was 
calk'd cotarrluil laumllcc m the mistaken belief that 
the symptonw were due to an inflammatory ob- 
struction of the common duct. There is no justifi- 
cation for the continued use of this obsolete term 

Etiology. Tlie agents responsible for this form 
of hepatitis have not been identified microscopi- 
cally or serologically and have not been prop.'ig.vtcil 
m tissue culture, embryonated eggs, or experimen- 
tal animals. However, they liavc been shown to bo 
Tiltrablc through a Seitz EK filter and are readily 
transmitUd to susceptible human volunteers, sug- 
gesting very strongly that they are viral in nature 
W’lial little is known about the properties ami 
behavior of these vtnises has licen derived from 
transmission experiments in man Since of necessity 
lliese experiments have Ix’cn limited in niimlxT. 
there arc sUll a great m.iny gaps in our knowledge 
of the viruses. The absence of a susceptible animal 
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host or a suitable serologic technique for identify- 
ing these agents has been a stumbling block in the 
study of viral hepatitis, not only for the virologist, 
but also for the clinician, pathologist, and epi- 
demiologist. From a diagnostic point of wew 
clinician is obliged to depend on clinical and labo- 
ratory features, which, while highly characteristic, 
are never pathognomonic. Even the histolo^c 
changes in the liver, which are more specific, can- 
not be considered unequi\'ocal evidence of infec- 
tion, particularly in the more unusual and late 
forms of the disease, in which the moiphologic 
features are less distinctive. 

Both the IH and SH \'iruses are peculiarly resist- 
ant to heat (56*C for 30 min and 60 min, respec- 
tively), prolonged storage in the cold (—10 to 
— 20‘’C for and 4'^, years, respectively), and 
the action of chemical agents (chlorine 1;1,000,- 
000 for the IH virus-, and mertluolate 1:2,000, tri- 
cresol 2:1,000, and equal parts of phenol and ether 
5:1,000 for the SH \arus). 

The principal differences between the two vi- 
ruses may be summarized as follows: (I) the IH 
virus has been recovered from both blood and 
feces, the SH virus from the blood only; (2) the 
IH virus may be transmitted to man by either the 
oral or the parenteral route, the SH virus by the 
parenteral route only; (3) the incubation period is 
2 to 6 weeks for the IH virus, irrespective of the 
route of administration, and 6 weeks to 6 months 
for the SH virus; (4) the IH virus has been found 
in the blood from 3 days before to S days after the 
onset of jaundice, while the SH virus has been 
recovered at intervals throughout the long incuba- 
tion period and during the acute phase of the 
disease; with the rare exceptions to be mentioned, 
in xieither case has the agent been demonstrated 
during convalescence; (5) the asymptomatic car- 
rier state appears to be more common and pro- 
longed in tJie SH type, virus having been demon- 
strated in tlie blood for periods up to S years in 
individuals with no histoiy of hepatitis; the IH 
1 ) 7)6 has been recovered from the feces during 
convalescence in only two instances, 4 and 15 
months following infection, but never from blood 
or feces in individuals with no history of hepatitis; 
(6) bollv viruses confer homologous but not heter- 
ologous immunity; (7) isolated from 

large pools of plasma collected from randomly se- 
lected donors protects against IH but not against 
SH infection; (8) III infections occur at an earlier 
age, tend to be less severe, and are more likely to 
be accompanied by prcicterie constitutional ^-mp- 
toms. 

It is still not clear wliether these two 1)7)65 of 
virus represent distinct species or merely strain 
variants of the same sjiccics. Moreover, it is not 
known whether all the strains belonging to each 


^•pe are anligenically identical. Clinical and epi- 
demiologic studies and transmission experiments 
have failed to demonstrate any significant differ- 
ences between the behavior of the strains of each 
fype isolated in various areas of the world. How- 
ever, more precise information will have to avv’ait 
the development of better methods of isolating and 
identtfj-ing these agents. 

Epidemiology. Ill viral Jiepatills occurs both 
sporadically and in epidemic form. The latter is 
seen particularly under conditions of crow-ding and 
poor sanitation. Infection is usually acquired 
through the oral route by close personal contact 
with individuals passing v-inis in their feces. It is 
presumed that the occurrence of many unapparent 
infections in the populaHon accounts for the infre- 
quency with which definite exposure to the disease 
can be established. Young children, and especially 
infants, appear to be an important reservoir for this 
type of infection. E.xpIosiv'e epidemics may follow- 
exposure to feces-contaminated water or food sup- 
plies, and occasionally infections are acquired by 
the parenteral route follow-ing the transfusion of 
blood or the use of blood-contaminated instru- 
ments. In many areas infections are more prevalent 
in the autumn and early winter months, but in 
others there appears to be no seasonal fluctuation 

The disease may occur at any age but is most 
common in children and young adults. After the 
age of thirty Uie incidence is relatively low, ap- 
parently because of immunity acquired in early 
life. No doubt this accounts also for the effective- 
ness of pooled y-globulin in preventing infection 
following exposure. Tbe immunit)- tliat follows in- 
fection is usually lifelong in duMtion but may be 
less sustained in some individuals, so that reinfec- 
tion is possible. 

In Sll cinis infections the vims gains entry to 
the body by the parenteral route as a result of 
transfusions or injections of infected blood, plasm.-i, 
or serum, or the use of improperly sterilized blood- 
contaminated needles, syringes, or other surgical 
equipment. Occasionally handlers of blood and 
blood products become infected, presumably 
through nicks in the skin. The disease may occur 
also following the use of topical thrombin. How- 
ever, otlier blood products prepared by the etlianol 
fractionation method, such as -y-globulin, scrum 
albumin, and antihemophiliac globulin, appear to 
be noninfectious. Recent evidence suggests lliat 
the transplacental transmission of virus to the fetus 
in pregnant a^Tnptomatic carriers may be respon- 
sible for neonatal hepatitis and that this may be an 
important mode of propagating the virus from one 
generation to Uie next. 

As)inptomatic carriers play a kcj- role in Uie 
spread of this dise-vse. Estinwlcs of their prevalence 
arc not avaihihlc, but on the basis of the ntimlx-r of 
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infections that follow a single blood transfuston 
they would appear to comprise appra<imately 1 
per cent of the population. Very few of these indi- 
viduals have had a clinically recognizable infection, 
but some exhibit minor alterations in liver function, 
and a few have significar^t hepatic lesions, suggest- 
ing that some carriers, at least, have active but sub- 
clinical disease. 

Since a large number of bloods is used to malce 
up a single pool of plasma, the recipient of a 
plasma infusion is exposed to numerous potentially 
infected donors. As a result the risk is very much 
greater than that following a single blood trans- 
fusion. The virus may be present in high concentra- 
tion. In some instances as little as 0 00005 ml is 
infectious, which explains why needles, sj'n’nges, 
and other Instruments inconspicuously contami- 
nated with blood may serve os vehicles for Infec- 
tion. 

Pathology. The lesions of viral hepatitis, which 
are unifor^y distributed throughout the liver, are 
characterized by degeneration and necrosis of 
parenchymal cells, proliferation and swelling of the 
TCticulocTvdothclium. and cellular infiltration of the 
sinusoids and portal triads. Scattered groups of 
hepatic cells undergo rapid lysis, especially in the 
pericentral areas of the lobules, while many of the 
remaining cells show degenerative changes cliarac- 
terized by ballooning, or hyalinization to form 
densely stained acidophilic bodies Almost from the 
beginning there are signs of active regeneration. 
Including mitotic figures, hyperchromatism, and 
numerous binucleate cells. As a result of these 
changes, the liver cords are disrupted and dis- 
torted, leading to disorganization of the normal 
lobular pattern. The intervening sinusoids contain 
clumps of swollen Kupffer cells and numerous 
lymplioeytes. plasma cells, wandering macro- 
phages, and occasional cosinophib and polymor- 
phonuclear cells. A similar exudate is seen in the 
portal triads. Many of the m.icrophagcs adjacent to 
necrotic areas contain lipofuscin, a yellow, acid- 
fast pigment presumably derived from hroken- 
dowTi hepatic cells. Occasionally some of the cana- 
bculi arc filled with rnspbsated bile. 

The reticulum fibers are spared and serve an 
important function in providing a framework for 
the orderly reorganization of the lobules. As long 
as the areas of necrosis, whatever their size, arc 
limited to the confines of the individual lobules, 
local regeneration and restitution of the normal 
architecture are assured. In contrast, when the 
necrobc zones encompass whole lobules this is not 
possible, since regeneration must proceed from dis- 
tant unaffected lobules. Thb leads to the formation 
of large regenerating nodules, which compress the 
intervening reticulum of the completely destroyed 
lobules into bands containing the remainittg blood 


vessels, regenerating ducts, and exudate. Tliis vari- 
ant of the disease is known as stibaciite necrosis 
of the Uver. Ultimately, if Uie p.nficnt survives, the 
collapsed reticulum undergoes collagenization, giv- 
ing rise to postnecrotic cirrhosis. However, even in 
the heated state, signs of varying degrees of active 
parenchymal inflammation and necrosis may be 
evident for long periods of lime. MTicn the areas 
of necrosis arc extensive, the liver tends to be 
small and coarsely nodular, with broad intervening 
bands of collapse and fibrosis, the usual picture in 
this type of cirrhosis. However, if the necrosis in- 
volves limited numbers of adjacent lobules, a finely 
nodular drrhosls may ensue. Fine nodiilation may 
occur also as a result of progressive degeneration 
and collapse of large nodules, because of cither 
continued infbmmatory activity or the tendency 
of the nodules to outgrow their circulatory supply. 
At this stage it may be diificult to distinguish the 
lesion from tlial of Laenncc’s cirrhosis. 

Occasionally the hepatitis virus produces masricc 
t*ccrosis of the liccr. In this condition there arc 
large areas of necrosis and collapse, as in subacute 
necrosis, but death ensues Iwfote signs of regenera- 
tion appear. Since the liver tends to shrink in size 
and is often bile stained, at least early in the dis- 
ease, the lesion was once termed acute yeUoto 
atrophy. 

It should be noted that, while the hepatitis virus 
IS the most common cause of subacute and massive 
necrosb, certain drugs and poisons arc capable of 
producing a very similar lesion. 

Although restoration of the normal architecture 
and resolution of the inflammatory reaction arc the 
rule following recovery from uncomplicated viral 
hepatitis, mild degrees of periportal fibrosis and 
Tound-ccll infiltration are common residuals. They 
bear no relationship to the minor symptoms and 
alteration in function that may be present at this 
time and arc not to be interpreted as evidence of 
chronic hep.ntitis. 

Clinical .Manifestations. Usually the clinical mani- 
festations follow a highly characteristic pattern and 
subside without residuals within a period of 4 
months For purposes of identification and further 
discussion this form of the disease wall be desig- 
nated as typical acute ciral hepatitis. In approxi- 
mately' 15 per cent of patients the clinical course is 
atypical, in that it terminates fatally, is greatly pro- 
longed, or IS characterized by unusual manifesta- 
tions. These features are sometimes considered 
complications of the disease, but it should be em- 
phasized that the basic lesion is the same in all 
instances. 

The mortality rate, based usually on the number 
of fatalities from subacute and massive necrosis 
that occur within the first few months of the ilis- 
ease, is said to he between 0 2 and 0 4 per cent. 
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This does not take into account the late deaths that 
follow residual postnecrotic cirrhosis. However, 
since the number of unrecognized mild and non- 
icleric infections is probably large, the over-all 
mortality rate may be considerably lower than that 
indicated. 

Little is known about the factors responsible for 
the variations in the severity and clinical course 
of viral hepatitis. Complicating malnutrition, alco- 
holism, intercurrent infection, physical exhaustion, 
and inadequate therapy are thought to be im- 
portant, but the eWdence implicating these factors 
is inconclusive. The severity of the disease and its 
mortality rate appear to be greater in older persons 
and in those infected wth the SH virus, possibly 
because of the higher incidence of complicating 
disease in such individuals. An autoimmune mecha- 
nism has been invoked to explain the chronicity of 
the disease in some patients, but this remains to be 
established. 

Tjpical Acute Viral Hepatitis. Symploms and 
Signa. In approximately 80 per cent of IH but in 
only 20 per cent of SH viral infections, the onset 
of jaundice is preceded by a period of nonspecific 
constitutional and gastrointestinal symptoms that 
may last from a few days up to 2 weeks. Often 
these symptoms are mistaken for signs of a respira- 
toiy infection or acute gastroenteritis. 

Usually the onset of the preictcric phase is ab- 
rupt. Fever, marked anorexia, and teeakness are 
the outstanding symptoms, and often a sudden 
distaste for cigarettes is a striking feature. These 
symptoms may be accompanied by nausea and 
vomiting, indigestion, abdominal pain, heodoebe, 
pain on mo%'ing the eyes, arthralgia, and myalgia. 
Occasionally lliere is an eiythematous or urticarial 
rash. As a rule, the fever is remittent and only 
moderate in degree, but in severe infections it may 
be high and associated with marked prostration. 
Chilly sensations are relatively common in such 
cases, but /rank shaking chilis ore rare. When ab- 
dominal pain is present, it is usually dull and ach- 
ing in character and located in the epigastric area 
or right upper quadrant. Rarely, it is severe and 
may be accompanied by marked abdominal tender- 
ness and spasm, suggesting an acute surgical 
emergency. In some individuals upper respiratory 
symptoms are a prominent feature. 

Often at tliis stage the liver is sh'ghlly enlarged 
and tender, but even if it is not, percussion over 
the hepatic region may provoke pain. In about 20 
per cent of pabents a mild degree of splenomegaly 
can be demonstrated, and in a some^vbal smaller 
number the posterior cervical lymph nodes are 
enlarged. 

Within a few days to a week of the onset, and 
sometimes even before the appearance of jaundice, 
the urine darkens, owing to the presence of bili- 


rubin. This may be the first clue to the true nature 
of an othenvise obscure febrile illness. Usually 
icterus of the skin and scleras becomes evident 
within a day or two. 

Early in the icteric phase the jaundice deepens, 
hepatic enlargement and tenderness become more 
ewdent, and the patient’s general condition wors- 
ens. However, within a few days the fever and 
preictcric symptoms usually abate, e\-en though the 
icterus is still increasing. Occasionally the fall in 
temperature and clinical improvement coincide 
with the appearance of clinical jaundice, but in 
severely ill patients prostration, anorexia, nausea, 
and vomiting may persist, or even increase, after 
subsidence of the fever. Unless measures are taken 
to maintain food intake, marked weight loss may 
ensue. 

Characteristically the jaundice increases rapidly, 
reaching a maximum in 3 to 14 days, and then re- 
cedes at a some^vhat slower rate, clearing up com- 
pletely in 1 to 6 weeks. If the serum bilirubin level 
is followed closely, it can be sho>vn that in typical 
cases there is no plateau at the peak, although one 
may occur during convalescence as the senim 
bilirubin approaches the normal concentration. The 
intensi^ of the jaundice at Its maximum tends to 
mirror the extent of the hepatic damage, so that 
usually it provides some indicaUon of the expected 
severity and duration of the disease. However, 
there are many exceptions; minimal Jaundice, there- 
fore, does not e.xclude the possibility of severe 
hepatic injury, nor does deep jaundice necessarily 
imply a protracted or severe illness. 

Immediately following the subsidence of Jaun- 
dice the pab'ent usually feels well, but recover^’ is 
seldom complete at this stage. The liver may be 
enlarged and tender, abnormalities of hepatic func- 
tion are often evident, and histologic studies usu- 
ally shoiv incomplete resolution of the lesion. Of 
even greater importance, resumption of full activity 
at this lime may precipitate a relapse, with a re- 
crudescence of any or all of the previous symploms. 
The duration of ‘^is posticteric pixase varies from 
2 to 6 Weeks but may be longer in some instances. 
However, full clinical and biochemical recovery is 
to be expected svithin 4 months. 

Laboratory Features. The leukocyte count is 
normal but may be low during the preictcric phase. 
Occasionally, atypical lymphocytes, indistinguish- 
able from those of infeebous mononucleosis, are 
present in small numbers. The sedimentalion rate 
is high in the preictcric stage, falls to normal during 
the icteric stage, and rises again during convales- 
cence- 

The urine may contain traces of bilirubin even 
before Jaundice appears. As Jaundice deepens, the 
amount of bilirubin increases, but during con- 
valescence bilirubin excreb'on often ceases before 
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the stTum bilirubin has returned to normal. During 
tlie preicterte phase urine urobilinogen may bo in* 
creased, but as jaundice and light-color^ feces 
appear the amount of urobilinogen falls to the 
normal level. Often a secondary increase in urine 
UTobilmogen occurs when the jaundice begins to 
hide and the stools return to their normal color. 
Finally, the level f.alls to normal when rcco\-cry 
has occurred. 

Early in the course of the jaundice the stools 
may be light or clay-colorcd for a ftw tlaj's to a 
week. Later their appearance is normal. In many 
cases there is no change in color despite the pres- 
ence of overt jaundice. 

The direct and total sertm hlliTiihin levels rise 
and fall together and reflect the depth of jaundice. 
The direct fraction usually constitutes 50 to 73 per 
cent of the total early in the course of the disease, 
but may be relatively lower later. An increase In 
the direct fraction without a concomitant rise in 
the total bilirubin may be seen both in the preic- 
teric phase and late in convalescence. In a few 
mdi\iuu.ils the indirect fraction remains slightly 
elevated for long periods following apparent rc* 
ccA’eiy (see Gilberts syndrome, p. 1699). 

Bromsidphalcin retention Is increased during the 
preictcric phase and remains so for some time after 
tire subsidence of jaundice. It returns to nonnal 
when healing is complete, but occasionally mild 
retention persists despite apparent full rccovciy'. 

The eephahn<lioleslCTol fioccfilatlon and thtjmol 
ttirbir/iti/ tests usually become positive tow'ard the 
end of the preicteric phase or shortly thereafter. 
They tend to revert to norm.al late in convalescence 
but often persist for long periods following apparent 
recovery Occasionally one or both tests remain nor- 
mal throughout the course of the disease. 

The serum alkaline phosphatase level tends to 
rise slightly, but occasionally it reaches the con- 
centratton seen. in. cxtcalvepatic obstructive jaun- 
dice 

Tlie serum protein pattern is normal early in the 
disease but may show a fall in albumin and a rise 
in globulin if the disease is prolonged or severe 

Usually the serum cholesterol concentration is 
nonnal. but during the icteric phase the percentage 
of esters tends to fall In a few individuals a bi^ 
total cholesterol is seen transiently during the 
phase of increasing jaundice. 

Characteristically, the scrum transaminase Jeveb 
(GOT and GPT) rise sharply. Values in excess of 
500 units are common but may be lower in some 
cases. Frequently, the serum GOT is high before 
jaundice is evident clinically. 

Diagnosis. During the prcictenc phase, viral 
hepatitis may be difficult to differentiate from a 
number of other infections, but marked anoieida 


disi:a.sl:.s or oiican sYsrn.MS 
out of proportion to tlie degree of fever, subcostal 
tenderness, and the octiirreticc of dark urine .sliotild 
alert the clinician to the possibility of viral hepatitis 
and call for iiivcslig-ition of tlie liver by appropriate 
tests 

Oiicc jaundice has appeared it becomes neces- 
sary to exclude other forms of hepatitis, an exacef- 
Imtion of a chronic hepatic disorder, and extra- 
hepatic biliary obstruction. A careful histtiry u'lll 
usually suffiee to rule out toxic and dnig hepatitis, 
but the appearance of renal failure or Signs of A 
hypersensitivity reaction should call for further in- 
quiry. Marked myalgia, nuclml rigidity, conjunc- 
tival injection, and leukocytosis should suggest the 
possibility of leptospirosis. A severe son* thro.it and 
marked cervical adenopathy may be in(Iic.itivc of 
infectious mononucleosis vvith jaundice. The pres- 
ence of spider ncvi, ascites, or edema early in the 
disease usually denotes an underlying cirrhosis, but 
later it may be indicative of subacute necrosis of 
the liver. Shaking chills, colicky pain, significant 
10111.00)1051$, and a past history of dyspepsia usually 
point to a common duct stone. 

Even in the most typical case of viral hepatitis, 
the clinical course should be scrulinized with care, 
since any deviation from the usual pattern m-ny 
indicate on error in diagnosis or the occurrence of 
a compUealion The particvitar points to note ot« 
the duration of the preicteric phase, the time ft 
takes for jaundice to reach its maximum, the nres' 
cnce or absence of a pleatcau at the peak of thC 
serum bilirubin curve, and the occurrence of 
ascites, edema, or spider nevi. 

Variants of Acute Viral Hepatitis. Acute Anicteric 
Hepatitis. A number of individuals infected with 
the hepatitis virus fail to develop Jaundice. In some 
patients the clinical features are otherwise identical 
witli those of the icteric form of the disease, al- 
though they tend to be somewhat milder. IIow- 
evet, thetc vs rt?.wiw to believe, osv vhe basis of 
transmission experiments, that the disease m.ny 
present as .1 nonspecific illness without localizing 
signs In infants and young children a mild gastro- 
cMentb or liianhca may be the only manifestation 
Liver function tests m.iy show the same pattern 
seen in icteric hepatitis, but often the changes are 
less striking Occasionally the direct and total 
serum bilirubin levels are slightly clevaied, and 
traces of bile can be demonstrated in the urine. 

Diagnosis is difficult in this group imlc.ss an epi- 
demic is in progress, or the clinical and laboratory 
features dosely resemble those of the icteric form 
of the disease. Under other conditions the diagnosis 
can seldom be made with confidence, since the 
sy'mptoms and changes in liver function arc non- 
speofic. 

Tbs high incidence of immunity to IH virus in- 
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fecb'ons in adults with no history of hepatitis sug- 
gests that anicteric infections are common. IIow- 
c\'er, relatively few arc rccogni 2 ed clinically. 

Fufmintml Hepatitis {Masshe Necrosis of ihe 
Lirer). This form of the disease is usually fatal 
within 10 days, some deaths occurring as early 
as the second day. In the preicterio and early icteric 
phases, the clinical and laboralorj» fcahircs may Ijc 
identical with those in the more benign tj'pe. How- 
ever, nausea, vomiting, and abdominal pain tend 
to be more severe, and jaundice is likely to appear 
earlier and to deepen more rapidly. Usually the 
first clue of an impending fatal outcome is the 
appearance of cerebral manifestations indicating 
the onset of hepatic coma. Occasionally the disease 
is ushered in with neurologic manifestations and 
progresses rapidly to deep coma and death. Other 
features seen in many, but not all, cases include 
a sharp terminal rise in temperature, .significant 
leukoc>’tosis, a rapid decrease in the size of the 
liver, coSee grounds vomilus or gross hemorrhage 
into the gastrointestinal tract, purpura, and ascites. 
Terminally the patient lapses into deep coma 
and may exhibit muscubr twitchings, convulsions, 
shodc, oliguria, and azotemia. Occasionally the 
course of the disease is so rapid that death occurs 
before jaundice develops It may be dilTicuU to 
establish the diagnosis in such cases, unless the 
possibility of viral hcpallUs is considered and ap- 
propriate laboratory studies are carried out. 

Subacute Ilepalilh (Subacute Necrosis of the 
Liter}. The clinical course in subacute necrosis of 
the liver varies, depending on the ovtcnl of the 
necrosis, the degree of healing, and the amount of 
regeneration. As in the fulminant form of the dis- 
ease, the illness often begins as an uncomplicated 
viral hepatitis, only to go on to progressive hepatic 
failure and death. Many patients die within 2 to 
12 weeks, but some survive for a period of a year 
or more, and a few go on to apparent clinical re- 
covery. In tile latter group postnecrotic scarring 
and cirrhosis are inevitable, but the outcome de- 
pends on the activity of the associated parenchy- 
mal inflammatory process and the degree of portal 
h)pcrtension that develops. Belapses with jaundice 
and other signs of hepatic failure are common in 
those with active inflammatory lesions, and may 
terminate fatally after one or more such episodes. 
Not infrequently the first recognizable signs of sub- 
acute necrosis of the liver make their appc.inincc 
during a relapse following what was bclier-cd to 
be an tmcomplfcated attack of acute viral hrp.'ititis. 
Tliere is reason to believe that the apparent pro- 
gression in such cases merely represents Ihe re- 
cnidescence of a lesion incurred during the initial 
infection. Occasionally the same picture Is seen 
following an attack of anicteric hepatitis. In cases 


with postnecrotic scarring, there may be a long 
a^mptomatic interv'al between the initial infection 
and the accidental discover)' of cirrhosis or the 
occurrence of bleeiling from esophageal varices 
Biopsy studies of tlie bver indicate that mild fonns 
of subacute necrosis and postnecrotic fibrosis occur 
more frequently than is evident clinically. It is pos- 
sible, therefore, that viral hepatitis may bo respon- 
sible for many instances of cirrhosis discovered 
years after the initial infection. 

The clinical fcahircs that should suggest the 
possibility of subacute hepatic necrosis in patients 
with acute viral hepatitis Include (1) jaundice th.it 
increases progressively for more than 2 weeks, re- 
mains stationary at a high level, or shows recurrent 
remissions and relapses, (2) fever and leukocytosis 
tlukt appear after jaundice has developed, (3) 
ascites, edema, and numerous largo spider nevi, 
(4) the appearance of splenomegaly late in the 
course of the disease, (5) severe and persistent 
vomiting, particularly if accompanied by coffee 
grounds vomitus, (6) severe abdominal pain, (7) 
a hemorrhagic tendency as evidenced by epistaxis. 
hematemesis, melena. hcmahiria, or purpura, and 
(8) fetor hep.Micus and other signs of impending 
coma. Not infretjocnlly the serum albumin falls 
and the globulin increases, ^\^len the clinical 
course is prolonged, h)’pprglobulmcmia may be ex- 
treme. As hepatocellular function fails, the scrum 
cholesterol may fall to abnormally low levels. 

Terminally the patient lapses into hepatic ooma 
and dies of advanced hepatocellular failure. How- 
ever, in patients with a prolonged course, death 
may be due to intcrcurrcnt infection or massive 
bleeding from esophageal varices. 

Chofesfotfe ( "Chofangioh'f «c” ) ffermtitis. Occa- 
sionally patients vvitiv a typical onset of acute viral 
hepatitis develop clinical and laboratory features 
suggestive of biliary obstruction. It has been postu- 
lated that the inflammatory reaction in such rases 
involves the terminal perilobular clioLmgiolcs, per- 
miwing the regurgitation of bile as a result of com- 
pression by exudate or abnormal permeability. For 
that reason the sjudrome lias been called c/iolan- 
hepatitis. However, there is no histologic 
evidence that the cholangiolar involvement is anj’ 
more scvxrre or qualitatively dilfcrcnt from that in 
the usual form of hepatitis, so that the tlicorv of 
increased cholangiolar permeability or obstruction 
rests solely on circumstantial clinical evidence. 
Most pathologists do not consider "cholangiolltic" 
hepatitis a distinct pathologic entity, but the un- 
usual clinical manifestations of the sv'ndrome war- 
rant its classification as an atypical variant of acute 
viral hepatitis. 

The distinctive features of the disease arc pro- 
longed jaundice, often accompanied by pruritus 
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significant hepatomegaly, a sustained and marlced 
increase in the percentage of direct-reacting scrum 
bihrubin, Iiigh levels of serum alkaline phosphatase 
and cholesterol, and a negative or only \veaUy 
positive cephalin-cholesterol flocculation reaction. 
Despite the obslructive-likc chemical pattern, the 
scnim {raiisaniinase levels lend to be high, as 
in Ollier forms of acute hepatocellular disease. 
Usually the serum albumin concentration is normal 
or only slightly depressed, but the globulin fraction 
is almost dunys increased. Early in the disease tlie 
histologic features are indistinguishable from those 
of tj’pical acute Mral hepatitis, but later they may 
be ddficult to differentiate from those of an extra- 
hepatic biliary obstruction, the principal findings 
being bile staining of tbo paiencbyma, intiacanabc* 
ular bile thrombi, and a mononuclear periportal 
exudate without hepatocellular changes, 

Except for unusual fatigabibty and pruritus, the 
patient often feels remarkably well and goes on to 
an uneventful recoveiy after a period of sustained 
or fluctuating jaundice lasting from a few months 
to a year. In some instances, however, the disease 
appears to be progressive, giving rise to "cholangio- 
htic" cirrhosis, an entity thought to be closely re- 
lated to primary biliary cirrhosis (p. IC91). 

The diSetctvtiation between cbolangiolilic hepa- 
titis and axtrahepatic biliary obstruction may be 
exceedingly difficult, even after the most exhaustive 
investigation including liver biopsy, so that explora- 
tory laparotomy may be necessary Ilowexer, a 
careful history will often reveal the typical symp- 
toms of viral hepatitis at the onset, and the results 
of liver function tests carried out early in the course 
of the disease are likely to be more ty'pical of 
hepatoceUular disease Certain drugs, and particu- 
larly cbloipromazmc (Thorazine) and melhyltcs- 
tostecone, ate capable of producing an identical 
picture. It Is essential, therefore, that the possibility 
of a drug reaction be excluded with certainty in 
all instances of suspected “cholangiolitic’* hepatitis. 

Sequelae. Occasionally signs or symptoms of liver 
disease persist or recur bejTDnd the 4-month period 
during which recovery is to be expected. This may 
be because of slow resolution and healing, progres- 
sive mflammation and destruction of the paren- 
chyma, postnecrotic scarring, functional disorders 
of the parenchyma, or even complicalmg p^cho- 
genic disturbances. It is misleading, therefore, to 
classify all forms of delayed recovery as “chronic 
viral hepatitis.” Moreover, the term lias the addi- 
tional disadvantage that it is sometimes used in a 
more specific sense to indicate posthepatitic cirrho- 
sis or chronic parenchymal destruebon leading to 
cirrhosis. Wherever possible an attempt should be 
made to determine the anatomic and physiologic 
basis for the persistence of abnormal fisvijings Un- 
fortunately this is not always feasible without re- 
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DISEASES or ORGAN SYSTEMS 
sort to liver biopsy, but prolonged observation and 
serial laboratory studies often suffice to distinguish 
betw'cen the several types of prolonged or recurrent 
hepatitis to be discussed. 

Minor Residuals trithout Clinical Signi/lcancc. A 
significant number of patients with acute viral 
hcp.xtitis cxiiibit minor abnormalities of hepatic 
function or slight nontendcr hepatomegaly for pe- 
riods of several months to a year following appar- 
ent clinical recovery. Slight increases in thymol 
turbidity and ccphalin-cholesterol flocculation arc 
the most common findings, but scrum bilinibin 
levels of 1.2 to 2 mg per 100 ml and Bromsulplia- 
leln retention of 6 to 10 per cent are not rare. 
Liver biopsy in this group invariably reveals com- 
plete healing It should be noted, however, that 
lioth in this group and in patients witliout residuals 
the portal triads may show a mild degree of fibrosis 
and mononuclear cellular infiltration In the ab- 
sence of parenchymal changes, there is no evidence 
that cither the histologic or functional residuals 
described are forerunners of progressive disease or 
relapse. 

Prolonged Convahseence. In this group any or 
aU of the clinical or laboratory features of the acute 
disease may persist for long periods, but usually 
full recovery ensues wiiliin a year. On histologic 
examination the liver shows incomplete healing of 
the parenchymal lesions, as in the convalescent 
stage of the uncomplicated form of the disease. 
In the authors experience this lesion shows no 
tendency to progress to subacute necrosis of the 
liver or to posthepatitic drrhosis. Ilovv’evcr, it is 
in this group that rccrudcseenees may occur, cillier 
spontaneously or following premature return to full 
activity. 

Subacute Hepatic Necrosis and Posthepatitic 
CiirfuMis. Before signs of overt hepatic failure or 
portal hypertension appear, it may be impossible 
to distinguish bebveen Uie clinical and I.iboratory 
manifestations of persistent liver disease due to 
subacute bepatic necrosis and poslhep.nlilic cir- 
rhosis and Uiosc due to prolonged convalescence 
from the uncomplicated form of viral hepatitis. 
However, tlie two can be differentiated readily on 
die basis of their histologic features. 

Relapses a»rf Recurrence. Not infrequently there 
is a transient recurrence of symptoms or an in- 
crease in functional abnormalities during convales- 
cence. Usually tills is the result of premature ambu- 
lation and resumption of full activity, but it may 
occur also without provocation. The manifestations 
may be identical with those of tlie initial attack, or 
even more sev'ere, but usually tliey are milder and 
of shorter duration. \Vlicn the interval between the 
two attacks is less tlian 6 monllis the recurrence 
almost invariably represents a rccmdesccnce of an 
unrecognized, incompletely healed lesion of either 
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the prolonged convalescent or subacute necrotic 
type. The possibility of reinfection with the het- 
erologous strain of the hepatitis virus or of an error 
in diagnosis must be considered when the interval 
is longer. However, the relapses in posthepatitic 
cirrhosis, which may resemble those of acute hepa- 
titis, often occur at Jong intervals. 

“Posihepatilis'’ Syndrome. Occasionally patients 
complain of unusual fatigabOity, vague discomfort 
in the right upper quadrant, anorexia, and indiges- 
tion for long periods following complete subsidence 
of all clinical, laboratory, and histologic evidence 
of active liver disease. Psychogenic factors are 
thought to be responsible for this syndrome. How- 
ever, in the authors experience, the ty-ndrome is 
rare in individuals who have had adequate bed 
rest during con\’alescence, which suggests that it 
may represent a type of postinfectional asthenia. 

The Carrier Stole. The importance of carriers in 
the spread of ^ral hepatitis has been touched on 
under Epidemiology. Only rarely docs the carrier 
state follow a clinically recognizable attack of acute 
viral hepatitis, which suggests that it is usually 
the result of an asymptomatic infection. However, 
in a few Instances, virus has been recovered from 
the feces of infants convalescing from a prolonged 
but mild illness. Since parenteral injections can 
hardly account for the unusually large number of 
SH virus carriers in the population, serious consid- 
eration must be given to the suggestion that the 
virus may be acquired transplacentally before 
birth. The question of whether the carrier harbors 
the virus In a diseased liver or merely permits its 
propagation Avithout incurring any hepatic injury Is 
still under study. A significant numuCT of carriers 
show minor abnormaUties of hepatic function, and 
m a few, significant Ustologic changes have been 
demonstrated in the liver. However, many carriers 
show no clinical, chemical, or histologic evidence of 
liver disease. 

“Lupoid^ HepaiilU and Cirrhosh of Possible 
Viral Etiology. See pp. 1675 and 1679. 

Treatment. Rest. It is the opinion of many that 
strict bed rest is indicated until the signs of active 
hepatic disease have subsided. However, on the 
basis of an e.\perimenlal study carried out under 
carefully controlled conditions in military person- 
nel, it has been recommended that patiCTts be 
allowed up as soon as the acute symptoms abate, 
and that further physical activity be limited to the 
confines of a hospital ward until full recovery 
ensues. It is difficult to reconcile the results of this 
investigation with the e.xperience of most clinidans 
indicating that the incidence of recrudescences, 
prolonged convalescence, and postinfectional as- 
thenia is significantly reduced by enforced bed 
rest. Until &is difference of opinion is resdved, 
the clinician would be well advised to err on the 
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side of Conservatism, particularly since complete bed 
rest does not entail any greater loss of time from 
work than limiting activity to the confines of the 
patients home or hospital ward. Moreover, the in- 
crease in the length of time required for recupera- 
tion foUosving a regime of strict bed rest reported 
in mililary personnel has not been observed in 
civilian patients. 

The patient may be allowed out of bed when 
(1) all symptoms have subsided, (2) the liver is 
no longer significantly enlarged or tender, and (3) 
the levels of total serum bilirubin, serum GOT, and 
Bromsulphalein retention have fallen below 2 mg 
per 100 ml, 40 units, and 10 per cent, respectively. 
Residual abnormalities in cephalin-cholesterol floc- 
culation and thymol turbidity may be disregarded. 
Activity should be increased slowly and a close 
Watch kept for signs of clinical or laboratory re- 
lapse. If these signs apprar, bed rest should be 
reinstituted. Resumption of full activity is per- 
mitted when the patient's strength has returned to 
normal. In those with residual hepatomegaly or 
minor alterations in liver function, further follow-up 
studies at monthly intervals are advisable, The 
physician should exercise great care in reassuring 
the patient that such studies are a precautionaiy 
measure and that most minor residuals have no 
clinical significance. For that reason it is un^vlse, 
and usually unnecessary, to limit the patient’s 
activity or diet during this period. 

Obviously there are limits to the benefits to be 
derived from bed rest in the more prolonged forms 
of viral hepatitis. An attempt should be made, 
therefore, to determine when maximum benefit has 
been achieved. This can be accomplished by delay- 
ing ambulation until the levels of serum bilirubin 
and Bromsulphalein retention have been stable for 
at least a week. The patient is then allowed in- 
creasing activity under supervision. If there is any 
tendency for the clinical signs or laboratory ab- 
normalities to worsen, bed rest should be resumed. 

Diet, Patients with viral hepatitis m.ay lose con- 
siderable weight. If this is prevented by feeding 
sufficient calories, convalescence may be shortened. 
An intake of 2500 to 3000 Cal is usually adequate, 
but dlls may be difficult to achieve for short periods 
during the acute phase of the disease, particularly 
if parenteral feeding becomes necessary. 

The optimal protein requirement is still a matter 
of debate. Many, including the author, believe that 
positive nitrogen balance can be acljfeved rvith an 
mtake of 70 to 100 Gm, and that the regenerative 
rate of the liver cannot be accelerated by providing 
an excess. Ho^vever, in the military study previ- 
ously mentioned, an intake of 150 to 200 Gm ap- 
peared to shorten die period of convalescence sig- 
nificantly, but these results are difficult to reconcile 
with those previously reported by others. Except in 
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patients with subacute or massive bepatic necrosis 
and impending coma, in whom the protein intake 
must be sharply curtailed, there is no harm in 
forcing protein to this extreme, but it is difficult to 
<lo so, and the physician need not be concerned if 
he fails. 

Tile fat content of the diet need not be limited 
There is no e\*idenee that fats are harmful, and, 
indeed, they arc useful in enriching the caloric 
\alue and palatability of the diet. However, while 
milk, butter, and eggs arc usually w’ell tolerated, 
fried and cooked fats often produce gastrointestinal 
distress and, therefore, should he restricted. 

Once the protein requirement has been satisfied, 
and fat has been added as tolerated, the lemaining 
caloric needs are made up with carbohijtlratc. A 
high carbohydrate intake has no special yarlue, and 
the outmoded practice of forcing sweets llirough- 
out the day is to be condemned, since it often 
spoils the patient’s appetite for other foods and 
may proyoke fatt)’ infiltration of the lixcr if the 
patient’s protein intake is not increased propor- 
tionately. 

There is no convincing evidence to shoyv that 
vitamin supplements are of value in the treatment 
of viral hepatitis, although they may be indicated 
if there was antecedent malnutrition, or if pro- 
longed parenteral feeding becomes nccessaiy. Simi- 
larly, there is no logical reason for adding lipo- 
tropic substances, like choline and methionine, to 
a balanced diet, particularly since fatty infiltration is 
not a feature of viral hepatitis. 

Scycre anorexia, nausea, and yomlting may ne- 
cessitate resort to parenteral feeding. A slow drip of 
13 per cent glucose, providing 300 to “100 Cm per 
day, will usually suffice to maintain the patient 
m a reasonable state of nutrition and hydwllon 
over the brief period usually required before oral 
feedings can be resumed. The amount of sodium, 
potauywm, and chloride to he added to the soIoUqu 
will depend on the losses in the urine, fcccs, vomi- 
tus, and sweat and may be estimated from the 
state of hjdration and the serum electrolyte pat- 
tern Parenteral amino acid supplements have been 
adyocated, but there is no evidence that they are 
of special benefit Moreover, they frequently cause 
reactions and are contraindicated in patients with 
impending coma. 

Anlibiolict. Tlie antibiotics do not appear to be 
of any yalue in the treatment of acute viral hepa- 
titis. Howeyer, broad-spectrum antibiotics, and es- 
pecially neomyem, may be useful in the iranagc- 
ment of coma complicatiog massive and subacute 
hepatic necrosis. 

ACTIl and Prednisone. These agents arc capable 
of inducing a prompt clinical remission In acute 
viral hcp.ititis. However, tlie lengtli of the con- 
. valcsccnt period is not shortened in the uncompli- 
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cated form of the disease, and relapses arc common 
unless treatment is prolonged. It is deemed in- 
advisable, therefore, to subject patients to the pos- 
sible hazards of ACTH and prednisone tJierapy 
unless there are clear-cut indications for it. Cer- 
tainly this form of treatment is warranted when the 
^mptoms are severe and do not respond to con- 
servative measures, and when there are signs nf 
subacute hepatic necrosis. There is a clinical im- 
prossion that the duration of the disease is sliort- 
rned and that residual lesions arc minimized under 
these conditions, but the evidence for this is sliH 
inconclusive. Not infrequently a course of steroid 
therapy is cifcctiye in terminating prolonged con- 
valescence. particularly in patients with chronic 
"cholangiolitic" hepatitis, and occasionally large 
doses appear to be lifesaving in comatose patients 
with massiv’c hepatic necrosis. Although it is worth 
trying these agents in tlie treatment of postnecrotic 
cirrhosis with evidence of active inflammatory dis- 
ease, the results are usually disappointing and 
comphcatiwys are frequent. 

In using ACTH and prednisone, treatment 
should be contloued until the serum bilirubin drop# 
to a normal level or reaches n stable plateau, but in 
either event for a period of not less than 3 vveeks- 
In aciitchj ill patients .in infusion of 25 In 50 units 
of ACTH daily administered over an 8- to 10-hr 
period appears to yield the most satisfactory «- 
suits, although orally administered prednisone In 
doses of CO to 100 mg per day may be equally cf« 
fectue in some instances If (he expected response 
IS not obt.imed, the dose of ACTH may be in- 
creased to 100 units. As soon os the patient sho'vs 
marked improvement, usually in 2 or 3 days, the 
dose of ACTH is reduced to 10 units and ultimately 
to 5 units. To avoid the inconvenience of repeated 
infusions, oral prednisone may be substituted for 
ACTH at any time during convalescence. Simi- 
\aily, Mxtcis acutely ill patwwts, predniswrit may he 
used from the beginning, starting with large doses 
and reducing them as rapidly as the clinical condi- 
tion permits. As indicated elsewhere, sodium and 
potassium intake must be regulated, and a watch 
must be kept for signs of toxicity. 

In the f ulmi nant form of the ^sease with coma, 
doses of ACTH and hydrocortisone up to 1,000 mg 
d.iily have been recommended. However, too few 
cases of this type have been treated in this manner 
to know w'hcther massive therapy has any advan- 
tage over the usual dose levels employed. 

Treatment of Pojtnecroric Cirrhosis and Its Coni’ 
plicalions. The problems of tliempy in this condi- 
tion are very similar to those in L.iennec’s cirrhosis 
(p. 168S). 

Prevention. Since the patient with on IH viral 
infection passes the virus in his stools, the usual 
sanitary measures employed in other enteric dis- 
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eases must be initiated to prevent spread of the 
infection to others. Unfortunately, the duration of 
fecal infectivity is not fcnosvn, so that precise rec- 
ommendations cannot be made regarding the 
length of the period during A\’hich precautionary 
measures must be followed. However, it is custom- 
ary to cany them out until clinical recovery has 
been achieved. 

The blood is a source of infection in both types 
of viral hepatitis, so that special care must be taken 
to avoid the transfer of virus to other patients 
through the agency of improperly sterilized, blood- 
contaminated instruments. Preliminary washing 
followed by boiling for 10 min or, preferably, auto- 
claving for 15 min unll ensure destruction of the 
virus. The practice of using a single syringe with a 
change of needles for multiple injections in groups 
of patients is dangerous and is to be condemned. 

The selection of donors in blood banks is a dif- 
ficult problem. It is customary to eliminate indi- 
viduals who have had viral hepatitis 'vithin a year. 
Howe\’er, such persons appear to be a less danger- 
ous source of infection than asjTnptomatic carriers 
with no history of previous disease. Unfortunately, 
there is no assured method of detecting such indi- 
viduals. Various methods of chemical treatment 
have been recommended to sterilize blood, but 
none has proved satisfactory. Since the possibility 
of infection cannot be eliminated with certainty, 
the clinician would be well advised to limit the 
use of transfusions to conditions in which they are 
unequivocally indicated. 

Commercially available plasma is even roore 
dangerous than blood, since large numbers of 
donors are used in making up a single pool. If 
plasma must be used it should be obtained from 
as small a pool of donors as possible. There is sug- 
gestive evidence that storage of plasma in the 
liquid state at room temperature for periods of 6 
months or longer greatly reduces the risk of infec- 
tion, but other methods of sterilization that have 
been recommended are of little value. 

Individuals exposed to the IH type of viral 
liepatitis may be immunized passn-ely by admin- 
istering normal human y-globulin at any lime 
up to %vnthin 6 days of the expected onset of the 
disease. The usual dose is 10 ml. However, recenl 
evidence suggests that m'lh >’cry much smaller 
doses, 0.01 ml per Jb body weight, it may be pos- 
sible to achie\’e a more prolonged type of acti\'e- 
passive immunity. It is believed that under these 
conditions the y-globulin suppresses the symp- 
toms but does not prevent infection, so that a 
natural acquired immunity develops. It is doubtful 
that y-globulio is of prophylactic xulue fai SH 
viral infections, althaugh it lias been reported that 
two injections of 10 ml each given at monthly 
intervals may be partially protective. 
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Although y-globuIin is of particular value in tlic 
control of institutional and family epidemics, there 
is no reason why it should not be used m any 
individual who has been exposed. However, the 
disease is so mild in healthy young children that it 
may be better to allow them to become infected 
and acquire a natural immunity. 

"Lupoid Hepatitis” 

Occasionally the LE cell test is positive in liver 
disease. This occurs most frequently in subacute 
hepatic necrosis and its sequela postnecrotic cir- 
rhosis and, rarely, in Laennec’s cirrhosis. In many 
cases the disease starts acutely with a tv’pica! 
attack of viral hepatitis, but in others the onset is 
insidious and the etiology is uncertain. Anicteric 
infections with the hepatitis virus may be respon- 
sible for some of the latter, but this has not been 
established. Because the LE phenomenon in such 
cases may be accompanied by clinical features 
suggestive of disseminated lupus eiythematosiis 
(DLE), and is considered by some as evidence 
of an underlying autoimmune mechanism respon- 
sible for the progressive nature of the hepatic dis- 
ease, such cases have been grouped in the special 
category of ‘lupoid hepatitis.” 

Although this sjmdroroc may occur in either sex 
and at any age, it is seen most frequently in young 
women. Characteristically the disease runs a chronic 
or intermittently active progressive course, tdti- 
mately terminating in hepatic failure or massive 
hemorrhage from esophageal varices. Cortisone and 
its derivatives in large doses often induce n remis- 
sion, but relapses are common. Although it is pos- 
sible to maintain some patients in a good state of 
health for long periods of time with prolonged 
steroid therapy, many either fail to respond or be- 
come refractory and ultimately succumb. 

Apart from the clinical manifestations of chronic 
or intermittently active progressive liver disease, 
which are not distinctive, most patients show a 
greatly increased senim concentration of y-globulin, 
and some exhibit facial rash, arthralgia, signs of 
renal disease, pleural effusion, hemolytic anemia 
or thrombocytopenia. Although these features are 
suggestive of disseminated lupus erythematosus, 
the characteristic lesions of that disease are rarclj’. 
if ever, demonstrable at autopsy. Another point of 
difference is that in lupoid hepatitis in ctmtrast 
to disseminated lupus eiythemafosus. the LE cell 
phenomenon usually is only weakly and intermit- 
tently positive. In addition, it should be noted that 
the features generally considered distinctive of 
lupoid hepatitis are commonly seen in subacute 
iKpatic necrosis and posthepatitic cirrhosis in tlie 
absence of the LE cel! phenomenon. These appar- 
ent contradictions suggest that there may be no 
connection between lujioid hepatitis and disscini- 



DISEASES OF ORGAN SYSTEMS 


I6S0 SEC. 6 

nated lupus erjihematosus and that the 1£ phe- 
nomenon in the former may represent a false posi- 
li\e test related to the production of some unusual 
serum protein. Ho\\e\er, there ore two observations 
that ore dilBcull to account for on this basis. (1) 
Postnecrotic cirrhosis of the t)pe that occurs in 
lupoid hepatitis is seen occasionally in patwnts 
with classical disseminated lupus erythematosus. 
In such cases the sequence in wliich the two dis- 
eases appeared can seldom be determined. (2) 
Attacks of what appear to be typical acute virjJ 
hepatitis occasionaUy occur as a late complication 
of disseminated lupus erythematosus, and when 
they do they almost invariably follow the chronic 
or intermittently progressive course seen In lupoid 
hepatitis. The hypothesis that disseminated lupus 
erythematosus and lupoid hepatitis are both mani- 
festations of an autoimmune reaction triggered 
usually by different types of in/uiy, but occasionally 
by the same type, is an attracliie one and would 
account for the apparent interrelationships between 
the tNvo diseases and their tendency to run a chronic 
progrcssii’c course. However, the eiadence on which 
it is based is far from conclusive. A possibility that 
merits consideration, hut which is equaUy specula- 
tive, is that the development of disseminated lupus 
erythematosus and lupoid hepatitis is dependent 
upon some constitutional (? hereditary) determi- 
nant of tissue reactivity. 

Toxic and Drugdnduced Hepatitb 
The tj^Je of liver injury Imown as toxic hepatitis 
occurs following erposure to certain poisons and 
drugs or during the course of some systemic in- 
fections and metabolic disturbances. True hepato- 
toxins, such ns carbon tetrachloride and phosphonis, 
are tissue poisons that damage the liver by inacti- 
vating essential protoplasmic enzyme systems. In 
contrast, most drugs that produce hqiatic injury', 
such as ctnchoplien and the sulfonamides, exert 
their effects by inducing a hypersensitivity reaction 
However, a few, like chloroform, are truly hepato- 
toxic, while others, such as tlie arsenicals, may be- 
have both as hepatotoxins and sensitizing agents. 
A number of parentcrally administered drugs, once 
considered hepatoloxic because of their apparent 
tendency to produce jaundice, arc now known lo 
serve as innocuous vehicles in the transmission of 
the hepatitis virus by means of inadequately steri- 
lized blood-conlaminatcd syringes. The type of 
hepatitis that accompanies certain systemic infec- 
tions and metabolic disturbances is thought lo be 
the consequence of an endogenous intoxication 
However, htlle is known about the nature of the 
prcsumctl toxins invohed or the manner in which 
they c-xert their deleterious effects, so that tills form 
of hepatitis will l>e considered separately. 


The clinical and pathologic features of the hepa- 
titis produced by hepatotoxins and sensitizing 
drugs are sufficiently different to warrant their 
consideration as separate entities. Since space does 
not permit a detailed discussion of the individual 
agents in each group. Table 2S0-2 is appended at 
die cod of tliis chapter to indicate their probable 
mode of action. 

Toxic Hepatitis. Characteristically the liver le- 
sions produced by true hepatotoxins make their 
appearance within a day or Uvo of e-xposure, are 
readily reproducible in most, if not all, species, and 
exhibit morphologic features distinctive for each of 
the agents. In many instances there are accompany- 
ing toxic lesions in other organs, especially In the 
kidney. 

The histologic changes in the liver vary not 
only with the agent involved but also with the dose 
and route of adminirtral/on. In general, however, 
the acute lesions tend to be distributed uniformly 
throughout the lobules in either a central or a peri- 
portal zonal pattern, and show all stages of paren- 
chyma! degeneration from simple sweUing to acute 
necrosis with httle or no inflammatory reaction- 
Often fatly infiltration is a prominent feature. 
Usually the lesion is reversible, but death may 
occur before healing takes place. Some poisons, 
such as the Amamta pheUoides toxin and the 
chlorinated naphthalenes, produce subacute and 
massive hepatic necrosis, which, if not fatal, leads 
to the development of postnecrotic cirrhosis. Even 
the agents that produce reversible lesions, such as 
carbon tetrachloride, may give rise to cirrhosis if 
the exposures are repeated at close enough inter- 
vals to prevent normal healing. 

Usually the chnfcal picture resembles that of 
acute viral hepatitis, except for the absence of pre- 
icteric fever and constitutional symptoms. Anorexia, 
nausea, and vomiting are the principal symptoms, 
while jaundice and hepatomegaly are the major 
physical findings. It sho^d be noted, however, that 
significant liver damage may occur without produc- 
ing jaundice. The lahoratorij features also are simi- 
lar to those in viral hepatitis, although the changes 
.in cephahn-cholcsterol flocculation and thymol tur- 
bidity tend to be less striking. 

In addition to the symptoms of liver injury, there 
may be others referable to the extrahcpatic pharma- 
cologic and toxic effects of the offending agent 
Often It is difficult lo distinguish between these two 
groups, but renal failure and severe gastrointestinal 
irritation usually are due to extrahcpatic lesions 

As a rule, recovery occurs more rapidly and 
residuals are less common than in acute viral hepa- 
titis. However, subacute or massive hepatic necrosis 
may- be fatal or nwy give rise to postnecrotic cir- 
rhosis Occasionally death occurs as a result of an 
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accompanying renal lesion despite satisfactory heal- 
ing of the liver. 

The diagnosis is seldom difficult. Ho\vever, er- 
rors are inevitable unless a specific inquiry about 
possible exposure to hepatotoxins is miide in every 
case of hepatitis. The sudden occurrence of oliguria 
and azotemia during an attack of acute hepatitis 
should always arouse suspicion of an intoxication, 
even if there is no history of exposure, since poison- 
ing may occur without the patient’s knowledge. 

Treatment is very much like that described for 
acute viral hepatitis. However, greater considera- 
tion must be given to the status of the Iddneys, 
since hepatoto.rins not infrequently produce acute 
renal tubular necrosis. In such cases measures de- 
signed to reduce nitrogen retention and to attain 
a normal internal environment take precedence over 
the less urgent needs of the liver. This usually 
entails marked restriction or actual omission of 
protein, provision of sijfficient carbohydrate and fat 
calories to minimize protein catabolism, and careful 
regulation of fluid and electrolyte balance. 

Hepatitis Due to Drug Hypersensitivity. The fea- 
tures that characterize this type of hepatic damage 
and serve to distinguish it from that produced by 
true hepatotoxins include the following; (1) the 
hepatitis occurs in only a small proportion of indi- 
viduals exposed, (2) neither the incidence nor the 
severity of the injury can be correlated with the 
amount of drug consumed, (3) the lesion is not 
reproducible in animals, (4) tbe onset of hepatitis 
bears no constant tempoml relationship to the in- 
stitution of drug therapy, occurring with dramatic 
suddenness after the first dose in some individuals, 
and only after prolonged administration, or even W- 
Imving its wthdrawal, in others, (5) the lesions are 
more variable than in toxic hepatitis, and (6) signs 
of bver disease often are accompanied by other 
manifestations of hypersensitivity. 

Two generalizations are worth bearing in mind 
in interpreting the role of drugs in the patho- 
genesis of hepatitis: (1) if a drug produces bver 
injury in man but fails to do so in other species, it 
almost certainly is a sensitizing agent, (2) if a 
drug gives rise to any other manifestations of hyper- 
sensitivity, it can be predicted that sooner or later 
it will produce hepatitis in some individuals. 

Experimentally it has been sho^vn that simple 
chemical compounds by combining with proteins 
may serve as antigens and induce hypersensitivity. 
Also the striking clinical similarities between drug 
reactions and serum sickness suggest that the 
former are allergic in nature. However, drug re- 
actions differ from the classical types of anaphylac- 
tic and tuberculin hypersensitivity in that (1) car- 
culating antibodies and skin sensitivity can rarely 
be demonstrated, (2) the interval between the first 


exposure to a drug and the appearance of a reaction 
is inconstant, and (3) the manifestations of the 
reaction are unpredictable, varying not only in dif- 
ferent individuals but also u’ith the particular drug 
mvolved. It is especially difficult to explain why a 
single drug may produce fever and rash in one 
individual, hepatitis in another, or a depression of 
myelopoiesis in a third, and why different drugs 
vary with respect to the frequency m'th which they 
induce one or another manffestation of hypersensi- 
tivity. 

The morphologic changes in the liver vary from 
case to case but, in general, fall into one of two 
patterns. In the first, the hepatocellular type, there 
are irregularly distributed focal areas of parenchy- 
mal degeneration and necrosis, and an intense por- 
tal inflammatory reaction with little or no fatty in- 
filtration. Occasionally the lesions are difficult to 
distinguish, from those of acute viral hepatitis, and 
rarely they ate sufficiently extensive to produce the 
picture of subacute hepatic necrosis. As a rule, the 
lesions regress when the offending agent is with- 
drawn, but occasionally the hypersensitivity re- 
action appears to trigger a progressive inflammatoty 
process which may result m cirrhosis. 

The second or cholestatic type, seen following 
reactions to drugs such as chloipromazine, is char- 
acterized by marked intralobular bile stasis and 
sigruScant, predominantly mononuclear and eosino- 
philic inflammatory reaction in the portal triads 
In contrast, the parenchymal cells show bttle or no 
change. These features bear a striking resemblance 
to those of "cholangiolitic" hepatibs and extrahe- 
pabc biliary obstruction. Occasionally the disease 
runs a long course despite the cessation of drug ad- 
ministration, and rarely a type of biliary cirrhosis 
develops. 

The clinical and laboratory features of the hepato- 
cellular type of drug hepabtis resemble those of 
acute vital hepatitis. However, the signs of liver 
disease are often preceded or accompanied by other 
manifestations of hypersensitivity, such as fever, 
rash, arthralgia, lymphadenopathy, and signs of 
renal or hematopoietic injury. Also there is a tend- 
eruy for the serum alkaline phosphatase to be higher 
and tbe cephalin-cholesterol and tliymol turbidity 
reactions to be weaker than in viral hepatitis. 

In the cfiolesfQfi'c type of hepatib’s produced by 
drugs such as chloipromazine, symptoms suggest- 
ing an extrahepatic biliary obstruction appear fol- 
lowing a brief episode of fever and other constitu- 
tional symptoms. The latter may or may not be 
associated with more distinctive signs of hypersen- 
sitivity. Often the icterus is accompanied by dark 
urine and clay-colored stools, and pruritus may be a 
promirwnt feature. The serum bilirubin and alkaline 
phosphatase levels tend to be as high as in obstruc- 
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live jaundice, while the cephalin-cholesterol fine- 
culation and th)'inol turbidity reactions nrc nonnal. 

It shovild be noted that in some drug reactions, 
features of hepatocellular and cholestatic hepatitis 
coexist. 

Usuall)’ the hepatitis subsides svilhin a few wtcVs 
following mthdrawal of the offending drug. How- 
ever, it may run a more chronic course, occasionally 
terminating in a form of biliaiy cirrhosis fp. 1691). 

The diagnosis may be exceedingly (liIHcuIt if 
there are no other manifestations of hypersensitiv- 
ity A history of drug ingeslion is helpful, hut obvi- 
ously it does not exclude the possibility of an tm- 
rehited viral hepatitis or biliary obstruction. Eosino- 
philia is an inconstant Ending but when present 
favors a drug reaction Unfortunately, even .1 liv'er 
biopsy may be inconclusive, so that exploratory 
laparotomy may be indicated in cases with pro- 
longed cholestatic jaundice of doubtful etiology. 

In patients receiving a number of dnigs It may 
bo difficult to determine which is responsible for 
the reartion. Even a clinical trial following recov- 
ery may be misleading, since multiple sensitivities 
may develop as a result of a reaction to a single 
drug Moreover, it is unwise to cany out such tests, 
since severe and even fatal reactions may ensue. 

Tlie principles of treatment are the same as for 
toxic hepatitis In addition, ACTH and prednisone 
may he useful adjuvants in severe illnesses Ob- 
viously, Bt the first sign of a reaction the offend- 
ing dnig should be withdrawn. However, this may 
fail to nlrart the re.action. Occasionally, spontaneous 
or induced desensitlzatlon permits resumption of 
drug therapy following recovery However, unless 
the drug is urgently needed it is unwise to use it 
again. 

Hepatitis Associated with Systemic Infections 

Dacterial Infections. Many systemic infections 
are accompanied by minor functional and struc- 
tural changes in the liver that have little clinical 
significance. Occasionally, hovvevet, severe bacterial 
infections give rise to sufficiently extensive hepatic 
lesions to produce jaundice and, in rare instances, 
may be responsible for progressive hepatocellular 
failure. 

Although the liver plays an important role in 
removing baclena that gain access to the blood, 
the parenchyma seldom becomes infected in the 
process. More often the signs of hepatic damage 
which accompany systemic infections are doe to 
circulating toxins or to the effects of such nonspe- 
cific factors as fever, anemia, hypoxia, and malnu- 
trition. Some of the infectious agents involved are 
kmown to h.ave in vitro liemolytic jiropertics. How- 
ever. except in the case of ClosIrUhiim tcetchii (C. 
perfringens) sepsis, it is doubtful that hemolysis 

) 


plan’s a significant role in Uie production of j'aun- 
dicc. 

Almost any severe Iwcterial infection may give 
rise to toxic hepatitis, but the organisms implicated 
most frequently include pneumococci, streptococci, 
gonococci. Escherichia coH. and the salmonella 
group. While bacteremia is often present in such 
infections, it docs not appear to be essential for the 
development of toxic hepatitis, as for example in 
pneumococcal pneumonia, scarlet fever, t^hoid 
lever, and fond poisoning with Salmonella typhi- 
murium anil Salmonella enfcrilldis 

The jHilhologlc changes in the liver are nonspe- 
cific. Tlicy may include focal areas of hepatocellu- 
lar degeneration and necrosis, signs of regeneration, 
and an inDammatory reaction in the portal triads. 

Tlic clinical and laboratory features resemble 
those m toxic hepatitis. As a tule, the signs of 
hepatic d.amage subside promptly as the underly- 
ing Infection is brought under control In most cases 
die hepatitis docs not appear to odd materially to 
the severity of the illness. However, in rare in- 
stances severe hepatocellular failure may be con- 
Iributofy to a fatal outcome. 

Not forms of jaundice accompanying severe 
Infections can be nltnbuted to toxic hepatitis In 
E. coli bacteremia and in ij-phoid and parat)'pho{d 
fever it may be due to n complicating acute ehol- 
angitis, while in C tcclchil sepsis it is usually the 
result of acute intravascular hemoJ)’sis and the 
destructive action of the invading organisms on the 
hepatic parenclivTTia. Occasionally the jaundice that 
occurs m s.-ilmnnelln and shigella infe^ions is due 
to a coincidenl.-iI acute viral hepatitis. Double In- 
fections of this t)pe are not rare during concurrent 
epidemics of the two diseases Finally, the possi- 
bility of a drug-induced hepatitis must not be for- 
gotten in evaluating the pathogenesis of any hepa- 
titis that occurs during an infection. 

Infectious Mononucleosis, On the basis of histo- 
logic studies and tests of hepatic function, it vvxjuld 
appear that the liver almost always participates in 
the generalized inflammatory reaction of the reticu- 
loendotliehal system tliat cliaractcrizcs infectious 
mononucleosis. However, overt cluneal rnanifesta- 
tions of hepatic involvement are relatively uncom- 
mon. jaundice occurring m 5 to 10 per cent of 
cases, and hepatomegaly only slightly more fre- 
quently. 

The outstanding finding in the liver is an intense 
inflammatory reaction involving the sinusoids and 
portal triads The exudate is largely mononuclear, 
consisbng of .itjpic-al Kmphneytos, monocytes, 
plasma cells, and swollen proliferating FCupffer 
cells. Occasionally the latter are arrayed in rosettes, 
forming small granulom-itous nodules In the sinus- 
oids A few scattered parenclymal cells may ex- 
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hibit early degcncralh'c changes, but hepatocellu- 
lar necrosis is unusual, despite the fact tliat the 
paronchjmal cells oltcu show e\idcncc of acth'e 
regeneration. In jaundiced cases the canaliculi not 
infrequently contain bile thrombi. Extept for swell- 
ing and cellular infiltration, the portal Inads are 
not altered. 

Abnormalities of "liver function” arc demon- 
strable in most cases, those depending on alterations 
in the serum protein pattern, such as the ccphalin- 
cholestcrol flocculation and thjmol turbidity reac- 
tions, predominating. Since the latter can seldom 
be correlated uith e^idence of hepatocellular in- 
jury histologically, and since they often persist long 
after clinical rccosery, it is highly probable that 
they are, in part at least, due to nonspecific changes 
in serum protein related to the underlying infection. 
Characteristically Uie serum albumin ]e\-el falls, 
svhile the y-globulin concentration rises. Occa- 
sionally there is a less pronounced increase in 
o,- and /7-gIobiiIin Strongly positive ccphalin- 
cholesterol flocculation reactions and increased 
levels of thymol turbidity are seen in at least 80 
per cent of cases. Bromsulphalcin retention, high 
levels of serum alkaline pliosph.ntasc, increased 
serum transaminase activity, increased urine uro- 
bilinogen, and decreases in prothrombin and serum 
cholesterol esters are less common findings. Hyper- 
bilirubinemia and bilirubinuria occur in 10 to SO 
per cent of cases. 

In general, the histologic changes and alterations 
in hepatic function parallel the severity of the 
underlying infection. SlTiat role the former play In 
producing clinical manifestations is difficult to as- 
sess. HD\ve>’cr, it is doubtful that the minor changes 
in the liver that occur in most anicteric cases con- 
tribute significantly to the symptomatology or clin- 
ical course of the disease. \\'hen the hepatic lesions 
are more extensive, and particularly when jaundice 
occurs, the sj’mptoms may resemble those of acute 
viral hepatitis, suggesting th.nt they are of hepatic 
origin. 

The jaundice that occurs in infectious mononu- 
cleosis tends to be mild and usually clears up wthin 
a few weeks. Its appearance may precede or co- 
incide with the onset of lymphadenopathy. Occa- 
sionally the IjTnph nodes fail to enlarge, in which 
case the etiology of the fever and jaundice may be 
more difficult to identify. Often the jaundice is ac- 
companied by slight tenderness and enlargement of 
the h\er and by splenomegaly. The other dinical 
manifestations of infectious mononucleosis are de- 
senbed elsewhere (p 1249). 

The biochemical changes suggesting hepatic in- 
volvement usually return to normal by the end of 
the second month, but in occasional instances they 
persist for many months. However, there is no eon- 


vindng evidence that infectious mononucleosis 
gives rise to cirrhosis or to any other form of 
chronic hepatic disease. 

In the presence of jaundice it may be difficult 
to differentiate infectious mononucleosis from acute 
xiral liepatitis. The occurrence of sore throat, sig- 
nificant lymphadenopathy, or chills favors the for- 
mer. Atypical lymphocytes may appear in the blood 
in both diseases but seldom exceed 10 per cent of 
the total leukocyte count in acute saral hepatitis. In 
the last analysis the diagnosis must be established 
serologically (p. 1250). 

The hepatic lesions of infectious mononucleosis 
require no special treatment. There is no convincing 
evidence to indicate that dietary measures shorten 
the course of the disease or ha\’e any effect on the 
symptoms. 

Leptospirosis. See p. 1084. 

Granulomatous Hepatitis 

The liver often participates in generalized granu- 
lomatous reactions of such varied etiology as sar- 
coidosis, tuberculosis, bruceUosis, certain mj'coses, 
and beiy'lliosis. The lesions, which consist of dis- 
crete coUectioQS of epithelioid and giant cells ap- 
parently derived from the reticuleondotheJium. tend 
to displace adjacent hepatic cells as they expand 
However, they usually remain quite small, so that 
the loss of parenchyma is minimal c^’en when the 
lesions arc numerous Barely, they coalesce to form 
large lesions, in which ease they may produce signs 
and symptoms of liver disease. 

As a rule, it Is difficult to distinguish betw’een 
the hepatic granulomas of different diseases on a 
morphologic bosis alone Central necrosis is more 
common in tuberculosis, brucellosis, and mycotic 
infection than in sarcoidosis and berylliosis, but it 
is an inconstant finding, and caseation, which is 
such a common feature m tuberculous lesions else- 
where m the body, is rare in the fiver. Occasion- 
ally, by means of special stains or cultural methods, 
it is possible to demonstrate the underlying etiologic 
agent. 

Sarcoidosis. In approximately 70 per cent of pa- 
tients with sarcoidosis it is possible to demonstrate 
the presence of hepatic granulomas by means of 
needle biopsy. Since this approaches the incidence 
found at autopsy it may be inferred that usually 
the lesions are numerous and uniformly distributed. 
Nevertheless, they seldom give rise to symptoms, 
although mild degrees of hepatomegaly and minor 
alterations of function are common. The high 
scrum alkaline phosphatase level seen in this 
disease appears to be more closely related to the 
presence of hepatic granulomas than to the oc- 
currence of lesions in bone. Rarely, tlie granuloma- 
tous reaction and tbe fibrosis that follow's are so 
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exlcnshe that overt signs of liver disease appear. 
Tliese signs may include marked Iicpalomegdy, 
jaundice, ascites, splenomegaly, and bleeding eso- 
phageal varices, and they may be mistaken for 
evidence of other types of cirrhosis, especially If 
there arc no extrahepatic manifestations of sar- 
coidosis. As a rule, the diagnosis depends on liver 
biopsy, although it may be suspected when llicrc 
are other signs of the disease. 

Tuberculosis. Needle biopsy studies indicate that 
hepatic granulomas can be demonstrated In most 
patients with acute miliary tuberculosis and in ap- 
pro.ximately half of those with other forms of the 
disease. Presumably the lesions are indicative of a 
hematogenous spread of the infection, but, since 
acid-fast organisms can seldom be demonstrated, 
the question arises whether the granulomas may 
not represent a nonspecific response to the infection. 
In addition to the granulomas, fatty infiltration, 
porta] fibrosis, and, less commonly, Lacnnecs cir- 
rhosis may’ be found. These appear to be related 
to the malnutrition which may accompany this dis- 
ease. 

Occasionally the number of hepatic gramdom.'is 
in acute miliary tuberculosis is so great that signifi- 
cant hepatomegaly and jaundice develop. In most 
other forms of tuberculosis, however, signs of liver 
disease are unusual, except for slight hepatomegaly 
and nonspecific minor alterations in function, which 
may be unrelated to the presence of hepatic granu- 
lomas. 

Three rare forms of hepatic tuberculosis are 
characterized by marked enlargement and tender- 
ness of the liv'er, chills and fever, jaimdice, and a 
rapid dovvnluU course. They are (1) pylephle- 
bogenous tuberculosis, in which thorc is massive 
dissemination of tubercle bacilli to tlic liver by 
way of the portal vein from an intraabdominal 
focus, (2) hepatic tuberculomas, which arc large 
cascating masses or abscesses of tuberculous origin; 
and (3) tuberculous cholangitis, or tubular tu- 
berculosis of the liver, a condition wluch arises as 
a result of rupture of a cascating tuberculoma or 
abscess into the biliary tract, and subsequent spread 
of the infection along its course. 

Brucellosis. Granulomas can be demonstrated in 
the hvei in a high proportion of patients with active 
Brucella a&orfus infections; they arc rekilively un- 
common in BniccHa suit and Brucella meUtensis 
infections. 

The lesions seldom give rise to clinical manifes- 
tations, altliough hepatomegaly is common Several 
instances of jaundice hav'e been reported, but they' 
are rare. Hepatic function is little impaired and may 
be normal even in the presence of granulomas. 

Occasionally cirrhosis is a late complication of 
brucellosis. 


CIIUIIIOSIS 

Any diffuse fibrosis that destroys the normal lolni- 
lar architecture of tlie liver may be properly classi- 
fied as a form of cirrhosis. Chiractcristically the 
parenchymal cells lying between the connective 
tissue septums are arranged in islands that differ 
from norm.vl lobules not only In size and shape but 
also In llieir lack of normally oriented central veins 
and portal triads They may represent segments of 
lobules isolated by encircling fibrous bands, or 
nodules of regenerating parmchyma, and may vary 
in size from less than a millimeter to several centi- 
meters in diameter Other fe.aturcs seen in many but 
not all cases of cirrhosis include degeneration, 
atrophy and necrosis of parenchymal cells, an in- 
flammatory reaction, usually most marked in Ute 
periportal areas, proliferation of the sm.all peri- 
lolndar bde ducts, and alterations in the intrahe- 
patic vasculature cliiractcrized by compression, dis- 
tortion. and reduction in the size of either the por- 
tal or hepatic venous I>«1, and the occurrence of 
abnormal shunts between the major vascular com- 
ponents of the lobules In addition, there m.ny be a 
number of changes related to the specific effects of 
certain etiologic factors The deposition of iron- 
containing pigment in hcmoclirematosls may be 
cited as on example. 

Although there are well-defined differences In the 
pathogenesis of the sev era! known types of cirrhosis, 
tlic basic fibrotic process in all oppears to be the 
consequence of hepatocellular necrosis or atrophy 
resulting In colkipse and condensation of the normal 
supporting rcliculiim, followed by deposition of col- 
hgen U IS doublful that the apparent prolifcra- 
tion of connective tissue from periportal and peri- 
central foci is the primary cause of parenchymal 
replacement, although it may contribute to tlio 
process by compressing odjaccnl hepatic cells or by 
reducing their blrod supply. 

As the cirrhotic process advances, signs of he- 
paloccllular failure and portal hypertension appear, 
owing to progrcssiv’c degeneration and obliteration 
of the parenchyma and to obstruction to the out- 
flow of portal blood. However, cirrhosis is not al- 
ways progressive. Indeed, the disease may remain 
asymptomatic, or may regress once overt mmi- 
festations have appeared. Although eTperimenlal 
evidence suggests that even fibrosis may diminish 
under certain conditions, the improvement that oc- 
curs in man appears to be due to the recovery of 
in|urcd liver cells, the replacement of lost cells by 
active regeneration, and iJie resolution of inflamma- 
lory exudates. 

Occasionally the etiology of the cirrhotic process 
may be inferred from the morphologic changes in 
the hver, but more often the differentiation among 
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the several hno«Ti t)’pes of cirrhosis depends, in part 
at least, on collateral historical and clinical evi- 
dence. This is not surprising, considering the lim- 
ited number of ways in which the liver can react 
to diverse types of injury. 

The forms of cirrhosis that are recognized <din- 
ically include the following; (1) Laennecs, (2) 
posbiecrotic, (3) biliary, (4) cardiac, (5) hemo- 
chromatosis, (6) hepatolenticular degeneration 
(Wilson’s disease), (7) cirrhosis due to schisto- 
somiasis, and (8) rarer tj^pcs. 

Lacnnec's Cirrhosis 

Definition. Laenncc’s cirrhosis, by far the most 
common type encountered, is characterized by a 
fine diffuse fibrosis of the liver, often accompanied 
by fatty infiltration and degeneration of the paren- 
chyma. Malnutrition and chronic alcoholism are the 
major factors inv’olved in its pathogenesis, but in 
some instances the etiology is obscure. Occasionally 
the hepatitis virus and certain poisons give rise to 
lesions which in their late stages closely resemble 
those of Laennecs cirrhosis, ^^o^vever, because of 
the manner in which they develop, such lesions are 
usually classified as forms of postnecrotic cirrhosis. 

Lacnnec’s cinhosis is knovvm also as alcoholic, 
jotUj, portal, or atrophic cinhosis. These terms 
would appear to be inappropriate, since (1) alco- 
hol is not always an etiologic factor, (2) fatty in- 
filtration is not demonstrable in all cases, (3) the 
fibrous septums radiate not only from the jwrtal 
triads but also from the central veins, and (4) the 
liver may be either large or small, depending on 
the relative degrees of fatty infiltration, fibrosis, and 
hepatocellular necrosis and regeneration. 

Etiology. Laenncc’s cinhosis is thought to be the 
consequence of a specific type of malnutrition usu- 
ally related to chronic alcoholism and/or faulty 
dietary habits. In this country and in many parts 
of Europe, chronic alcoholism is a major etiologic 
factor in approrimately 75 per cent of cases, but in 
England and in other parts of the world It plays a 
relatively unimportant role. A faulty diet probably 
accounts for the prevalence of the disease among 
nonalcohoLcs in certain tropical and subtropical 
areas but does not appear to be a significant 
factor in the pathogenesis of cirrhosis among non- 
alcobolics in the Temperate Zone. On the basis 
of indirect evidence, it has been suggested that 
viral hepatitis may be of etiologic importance in 
such cases. To be sure, the hepatitis virus is capable 
of producing a finely nodular cirrhosis, but the re- 
sulting lesion differs from that in the usual form of 
Laennec’s cirrhosis not only in its mode of develop- 
ment but also in many of its histologic features and, 
bence, should be classified as postnecrotir^ along 
with other forms of posthepatitic cirrhosis. 
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OccasionaUy Laennec’s cirrhosis is a complieah’on 
of other diseases. In a few instances the lesion ap- 
pears to be the consequence of malnutrition, due 
either to an absorptive defect, as in pancreatic in- 
sufficiency, Of to a poor dietary intake, as in ulcera- 
tive colitis, chroiuc malaria, and chronic dysentery, 
but in other conditions, such as diabetes mellitus, 
galactosemia, and thyrotoxicosis, the pathogenesis 
of the cirrhosis is obscure. 

It is generally believed that alcohol is not a hepa- 
totoxin and that its effects on the liver are secondary 
to an associated nutritional disturbance. However, 
the nature of the deficient:)' and the precise mech- 
anism responsible for the development of cir- 
rhosis are still uncertain. According to one widely 
held theory, e.xeessi\’e drinking merely reduces food 
intake and, thus, leads to a deficiency of lipotropic 
substances, including choline, its precursor methio- 
nine, vitamin Bjn, folic acid, and possibly some of 
the other amino acids, Lke threom’ne, lysine, and 
tryptophan, that affect the lipid content of the liver. 
As a result, the liver becomes fatty and ultimately 
undergoes fibrosis. It is believed that the accumu- 
lation of fat under these conditions may be due to a 
reduced rate of fatty acid oxidation in the liver, but 
it is not known whetlier the fibrosis Is the direct 
consequence of fatty infiltration or is an independent 
sequela of the lipotropic deficiency. In support of 
the b'potrope theory, it has been shown that (1) 
diets rich in protein, and, hence, high in lipotropic 
activity, are effective in the treatment of Laennec's 
cinhosis, (2) it is possible to produce a similar 
lesion in animals by reducing the intake of protein 
and other lipotropic substances, and (3) the diet in 
tropical and subtropical areas, where Laennec’s 
cirrhosis is common, is low in protein content. How- 
ever, it has been found that in animals on low 
protein diets, and in children with kwashiorkor, a 
form of malignant malnutrition seen in the tropics, 
supplements of protein are far more effective in 
reversing the associated hepatic lesions than equiv- 
alent amounts of choline or methionine, suggesting 
that the injurious effects of low protein diets on the 
bver are due to more than a simple deficiency In 
lipotropic activity. Moreover, since the hepatic 
lesions of uncomplicated protein deficiency show 
few of the characteristic degenerative and inflam- 
matory changes seen in Laennec’s cirrhosis, the 
question arises whether nonclietary factors may not 
be involv'ed in dieir pathogenesis. 

A number of clinical observations cast doubt on 
the concept that the effects of chronic alcoholism 
on the liver are due solely to a reduction in food 
consumption. In particular it should be noted that 
alcoholics occasionally develop Laennec’s cirrhosis 
despite an apparently adequate diet.ir)’ intake, and 
that simple undemutrifion, such as occurs in many 
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chronic illnesses, seldom gives rise to dnhosls. 
In animal experiments it has been shovvn that while 
the ingestion of alcohol leads to a decrease in food 
consumption, apparently in response to the homeo- 
static mechanism controllmg the caloric intake, it 
also raises the requirement for lipotropic substances, 
first, by increasing the total caloric intake and, 
second, by some other as j'ct unidentified mecha- 
nism not dependent on the calongenic activity of 
alcohol. This may explain «hy apparently adequate 
diets occasionally fail to protect against the develop- 
ment of cirrhosis in individuals wlio consume a 
large number of alcohol calories, and why the na- 
tives of tropical and subtropical areas, whose diets 
are low in protein but high in carboliydrate calories, 
are more likely to develop cirrhosis than under- 
nourished invalids whose diets are likely to be 
deficient in both protein and calories. 

It should be noted that, while chronic alcoholism 
m.n’ be an important factor in tlic pathogenesis of 
cirrhosis, only a small proportion of chronic users 
of alcohol actually develop cirrhosis. No doubt dif- 
ferences in dietary habits play a role, but marked 
differences in individual susceptibility appear to bo 
an equally important factor. Tliis has been con- 
Gimed in animal experiments. 

Pathology, In the incipient stage of the disease, 
the liver is enlarged and pale, owing to the pres- 
ence of large fat globules in the parencluTnal cells 
As these become more numerous, stellate-shaped 
areas of fibrosis appear in the portal areas and, to a 
lesser extent, around the central veins Later, thin 
connective tissue septums join the port.il triads and 
traverse the lobules, breaking them up into islands 
of cells, which tend to proliferate, forming small 
nodules or pseudolobules. As the disease progresses, 
the fibrous bands become tliicker and more numer- 
ous, are infiltrated by mononuclear cells, and incor- 
porate an increasing number of blood vessels and 
regenerating perilobular bile ducts At the same 
time foci of degeneration and necrosis infiltrated 
with mononuclear and pol)Tnorphonuelear cells .ap- 
pear in the parenchvTna, while the amount of fatty 
infiltration tends to decline Often the cjtoplasm 
of the hepatic cells contains highly cliarncterislic 
eosinophilic droplets and club-shaped masses of 
h) alinelike material kmown as MaVary bodies. 
These are especially common when chronic alco- 
holism is an etiologic factor and m.ay be very nu- 
merous when the disease is severe. In ]atmdiccd pa- 
tients the canahculi may contain plugs of inspissated 
bile, and occasionally there is bile staining of the 
parcnchjnnal and Kiipffcr cells. 

Late in the disease the liver is fimi and finely 
nodular or granular, but occasionally it is coarsely 
nodular with broad intervening connective tissue 
septums, very much as in postnecrotic cirriiosis. 
Whether this represents a morphologic variant of 


Lacnnec’s cirrhosis dependent on a more acutiJ 
patchy type of necrosis with more active rcgcncra- 
tion than in the usual case, or whether it is the 
sequela of an unrecognized intercurrcnl infection 
wiUi the hepatitis vims Is still uncertain. The size 
of the liver is variable, being small in some cases 
and large in others. 

As previously indicated, the fibrosis in L.icnncc’s 
cirrhosis appears to be the consequence of hepato- 
cellular necrosis and collapse of normal supporting 
reticulum. Wiclhcr fatty infiltration plays an im- 
portant role in this process is still imcfrlain, par- 
ticularly since fatty livers do not necessarily become 
fibrotic In animal expeninents it has been shown 
that large fat globules in ndj.vcent cells tend to 
coalesce, forming large cysts, and that, as the fat 
is rcalisorbed, the reticulum fibers derived from the 
original cells collapse to form a network of fine 
septums which ultimately undergo coll.igenizalion. 
It is doubtful that this is the only wny m which 
fibrosis can develop. 

In tlic florid form of Laennee's cinliosis. which 
occtirs exclusively in alcohol addicts, the predom- 
inant findings are extensive hcpatocclhikir degen- 
eration and necrosis with numerous Mallory Iwdios 
and infiltrating pol)moqihonucIcar cells. Fatty in- 
filtration and fibrosis vary in extent and may be 
negligible. 

Clinical Features. Usually the onset is Jnsidiniis 
with nonspecific complaints, including anorexia, 
weakness, and unusual fatigabilitj’, that relate both 
to early hepatic disfunction and to the accompan)- 
ing underlying malnutrition and chrome alcoholism 
Allliough weight loss is common kite in the disMse, 
it may be absent in its early phases This relates to 
the fact that while the .ilcoholic is malnounsheil. 
In the sense that the quality of his diet is poor, he 
frequently obtains a sufficient number of calories 
In the form of alcohol to maintain or even gain 
weight. Similarly, the natives of tropic.il areas vvliti 
develop nutntional cirrhosis often show no evidence 
of wasting, since their c.iloric ml.ike in the form 
of carbohydrate tends to high despite a defi- 
cienev of protein 

As the disease advances, signs of frank hepatocel- 
lular failure and portal hj^jertension appear. The 
former include jaundicx', ascites, edema, pleural 
effusion, alterations in serum electrolytes, spider 
nevi, paim.ir erythema, gynecomastn. testicul.ir 
atrophy, impotence, loss of a.xillary and pubic hair, 
and a bleeding tendency; the latter splonoinegal). 
esophageal varices with or without massive bleed- 
ing, and a visible venous collateral circulation over 
the alxlomen (p 156). Usually the above symp- 
toms of liepatocelliilar failure dominate the clinical 
picture, but not infrequently the signs of portal 
liypertension can be demonstrated even before 
^mptoms appear, and occasionally massive bleeding 
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from esophageal varices is the initial manifestation. 

Low-grade fever, nausea, vomiting, diarrhea, 
and abdominal pain are common complaints in the 
stage of advanced hepatic failure. As indicated pre- 
viously, the pathogenesis of these s)7njitoms is un- 
certain. Usually the pain is mild and aching in char- 
acter, but occasionally, and especially in the florid 
form of the disease, it may be severe and may be 
mistaken for biliary colic or a sign of ruptured 
peptic ulcer. Hcp.itomegaly is an inconstant but 
fairly frequent finding. When palpable, the liver 
usually is firm; occasionally it is slightly tender. The 
nodules on its surface can rarely be felt. 

Impending and overt hepatic coma usually are 
signs of termin.al hepatocellular failure. However, 
they may be indicative of portacaval shunting of 
nitrogenous substances from the intestine as a con- 
sequence of massive hemorrhage or the ingestion of 
e.xcessive amounts of protein (p. 157), and they 
may be reversible. 

In the florid form of the disease, the onset tends 
to be more acute and the progression of symptoms 
more rapid and less responsive to treatment. Often 
nausea, vomiting, abdominal pain, high fever, and 
marked leukocytosis are prominent features. 

Usually hepatic decompensation is the conse- 
quence of progressive hepatocellular failure result- 
ing from prolonged malnutrition and overindutgence 
in alcohol. However, It may be precipitated acutely 
by massive gastrointestinal bleeding, intercurrent 
infection, surgical trauma, or the development of a 
complicating hepatoma. 

The principsd complications of Laennec’s cir- 
rhosis include bleeding from esophageal varices, 
hepatoma, portal vein thrombosis, and intcrcurrent 
infection. Bacteremia, apparently arising In the 
tributaries of the portal vein, is an occasional ter- 
minal event. Peptic ulcer and acute pancreatitis arc 
common complications but appear to be more 
closely related to the accompanying chronic alco- 
holism than to the cirrhosis. 

Laboratory Features. The resvilts of liver func- 
tion tests point to hepatocellular damage. Brom- 
sulphalein retention is an almost invariable finding, 
even when other tests are negative. The serum al- 
bumin level falls progressively as the disease ad- 
vances, while the serum globulin, and especially the 
gamma fraction, tends to rise. The direct and total 
serum bilirubin concentrations may be normal but 
often are increased to a variable degree. The 
cephalin-cholesterol flocculation test usually is 
positive, but thymol turbidity often remains normal. 
The serum alkaline phosphatase concentration tends 
to increase slightly but occasionally it rises to the 
levels seen in obstructive jaundice. In most cases 
there is no change in the total servim cholesterol, 
but often the unesteriSed fraction is increased, spe- 
cially when jaundice is present. A subnormal cho- 
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Icsterol concentration usually signifies adv'anced 
hepatocellular failure and is a bad prognostic sign. 
Hie serum transaminase levels tend to rise when 
the disease is active. Usually they remain below 
500 units, but in the florid t)’pe higher Icv’cds m.a)’ 
be seen. All these changes tend to revert toward 
normal under treatment, although Bromsulphalcin 
retention usually persists. 

Moderate anemia is a common finding. Usually it 
is normocytic or slightly macrocytic in cliiwactcr, 
and often it is accompanied by a hyperactive normo- 
blastic bone marrow, mild reticulocytosis, and a de- 
crease in the red cell survival time, features suggest- 
ing a hemolytic basis possibly related to ovenJCtivity 
of the spleen, although other factors cannot be ex- 
cluded. A few instances of frank hemolytic Anemia 
with a positive Coombs test have been repotted. 
These have been attributed to “hyperspl^uism. 
Occasionally the anemia is microcytic and hj'po- 
chromic, as a result of chronic blood los? from 
esophageal varices or hemorrhoids Rarely the 
anemia is megaloblastic and responds to v Ramin 
Bi 2 or folic acid, suggesting a nutritional b^sis. 

Slight feukopenifl and thromhocf/topenia ar® com- 
mon and probably represent manifestations of 
“hypeisplenism.” As previously mentioned, feuko- 
cytosis is the rule in florid cirrhosis, the count often 
ranging between 20,000 and 50,000 per cU nim 
In other cases lesser degrees of leukocytosis may 
occur when there is active hepatocellular necrosis 
and degeneration. 

Diagnosis. With a history’ of chronic alcoholism 
and/or malnutrition, a firm liver and signs of hepa- 
tocellvilar failure and portal hypertension, thi? diag- 
nosis of Laennec’s cirrhosis presents no problem. 
However, in the absence of any one or several of 
these features, the differenti.ation from other dis- 
eases may be difficult. The particular disorders to 
be considered in any given case will depend on the 
presenting manifestations; they include such diverse 
conditions as other forms of cirrhosis, hepatitis, 
mtiahepatic malignancy, portal and hepatic vein 
obstruction, congestive heart failure, constrictive 
pericardib's, various infiltrative and granulomatous 
diseases that involve the liver and spleen, and 
bleeding peptic ulcer. Usually a thorough clinical 
investigation, including tests of liver function, will 
serve to distinguish among these disorders, hut in 
doubtful cases a biopsy of the liver may V>e re- 
quired. 

Prognosis. There is no doubt that the modem 
therapeutic attack on Laennec’s cirrhosis is e/fec- 
Uve in restoring many patients to good health, 
provided vigorous treatment is begun at an early 
stage of the disease. This is reflected in the in- 
creased life expectancy reported by several iti'csli- 
gators. However, the mortality rate is still distress- 
ingly high in patients vv-iih advanced hcpatocvllniiT 
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faUure or bleeding esophageal varices. Tlius, of 
patients with ascites, approximately 33 per cent are 
dead in 1 year, 50 per cent in 2 years, and 70 per 
cent in 5 years. Even more alarming statistics may 
be cited for the group with massive bleeding, but 
there is some hope that recently deTCloped surreal 
tecliniques for controlhng portal hypertension may 
reduce these figures. 

The improvement in tlie outlook for the cirrhotic 
patient usually is credited to the introduction of 
modem dietary therapy. However, whOe Ws repre- 
sents an important advance, there is hide doubt 
that more effecti\e methods of combating infection 
and controlhng hemorrhage and more stringent con- 
trol over the patient’s drinking habits and ph)’sical 
activit)' have contributed to the iKults. It should 
be noted in this connection that intercurrent in- 
fection and hemorrhage still account for almost half 
the deaths that occur, which emphasi 2 es the need 
for meticulous care and close supersdsion of the 
cirrhotic patient 

Treatment. A nutritious diet, strict prohibition of 
alcohol, judicious regulation of salt and water 
balance, prompt control of hemorrhage and replace- 
ment of lost blood, a prompt and vigorous attack 
on all intercuirent infections, and provision for 
adequate rest are the mainstays of treatment in 
Laennec’s cirrhosis. 

A palatable diet containing 80 to 120 Cm protein 
and 2500 to 3000 Cal, depending on the patient's 
size and degree of malnutrition, appears to be ade- 
quate for the needs of the liver and the replenish- 
ment of depleted tissue stores. There is no con- 
vincing evidence that a larger intake of protein is 
more effective as far as the recovery of the Lver is 
concerned, but it may restore the wasted tissues 
more rapiiy However, it usually is difficult to get 
sick patients to consume such large amounts of 
food, and there is the potential hazard of precipitat- 
ing hepatic coma in those with extensive portacaval 
shunting There is no need to restrict fat, so that 
the patient’s personal preferences and tolerance 
may be used as a guide in adjusbng the ratio of 
fat to carbohydrate calories. 

Vifamin stipplements are indicated in patients 
with overt signs of deficiency and in those who 
will not or c.^nnot eat, but they are an unnecessary 
expense to patients who are consuming a well- 
balanced diet Similarly, choline and methionine 
supplements may be helpful in individuals with 
fatt)’ livers who are poor eaters, but they are of 
no value if the protein intake is adequate. More- 
over, methionine may be toxic in some individuals 
(p. 158). 

Frcdnlsone in small doses (15 to 20 mg per 
day) may be useful in the management of Laen- 
nec’s cirrhosis since it often stimulates the appetite, 
induces a sense of well-being, and potentiates the 
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action of diuretics. According to some authorities 
it also facilitates healing of the hepatic lesions, but 
this has not been established. Prednisone must be 
used with caution since it occasionally accentuates 
salt and water retention, may lead to potassium 
depletion, and predisposes to bleeding from eso- 
phageal varices and peptic ulcer. 

Salt restTiciion is the simplest and one of the 
most effective means of managing fluid retention 
and should be the first employed when asdtes, 
edema, and hydrothorax appear (p. 154). Often 
limitation of the sodium intake to 500 mg (22 
mEq) a day will suffice, but it may be necessary 
to reduce the intake to 200 mg (10 mEq) to 
promote a diuresis. Unfortunately, restricting salt 
makes it difficult to prepare diets that are palatable 
and rich in protein. The use of salt substitutes, salt- 
poor derivatives of milk protein, such as Lanolac, 
and salt-free bread is helpful in this connection. 

If salt restriction is ineffective in relieving ascites 
and edema, diuretics, such as the mercurials, 
chlorothiazide, and the aldosterone antagonist. 
Aldactone, may be used either singly or in com- 
bination, due care being taken to avoid sodium 
and potassium depletion, Potassium supplements are 
almost alvvaj’s required with prolonged diuretic 
dierapy. These not only prevent bj-popotassemia 
but also potentiate diuresis and prevent the devel- 
opment of dturebc-induced impendmg hepatic 
coma. 

Intravenous infusions of concentrated salt-poor 
humon olhuniin may be helpful in produdng a 
diuresis when other measures have failed, and 
occasionally, for reasons that are net dear, they 
appear to improve the genera] clinical status of 
severely ill patients. Unfortunately, they may 
produce bleedmg from esophageal varices or may 
precipitate pulmonary edema if given too rapidly, 
so that they must be used with caution and only 
when other therapeutic measures have been inef- 
fective. 

Paracentesis and thoracentesis are indicated 
whenever the amount of fluid accumulated is suf- 
ficiently great to produce symptoms. Their number 
should be kept to a minimum, since they waste 
protein and subject the patient to the hazards of 
the salt depletion syndrome. Application of a tight 
abdominal binder and restriction of water for a 
period of 24 hr following paracentesis will do 
much to prevent the latter. If this fads, a slow 
infusion of albumin to maintain the blood volume 
may be more effective. Obviously sodium adminis- 
tration H indicated once the salt depletion syndrome 
has appeared. 

The occurrence of massive bleeding from eso- 
phageal varices calls for prompt action including: 
(1) intravenous replacement of losses in blood, 
water, and electrolytes, (2) balloon tamponade of 
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the esophagus and cardia with a Sengstaken-BlaJce- 
more tube, (3) lowering ol portal venous pressure 
by the use of diuretics and intravenous surgical 
Pituitrin (20 units in 100 ml of 5 per cent gluawe 
every 4 hr), (4) suppression and neutralization of 
gastric acid secretion with Banthine and antacids 
to prevent further erosion of the esophageal mucosa 
and digestion of newly formed clots, (5) correc- 
tion, if possible, of any defect in the clotting 
mechanism, and (6) removal of blood from the 
intestinal tract to prevent coma by means of gastric 
aspiration, catharsis, and enemas. Although balloon 
tamponade is an effective method for controlling 
active bleeding from esophageal varices, it may 
give rise to such complications as ulceration and 
rupture of the esophagus, aspiration of esophageal 
or gastric contents with residtant pneumonia, and 
asphyxia as a consequence of aspiration of gastric 
contents or accidental dislodgment of the balloon 
into the pharynx. Accordingly it is advisable to try 
diuretics and intravenous Pituitrin before resorting 
to tamponade. These agents are known to lower 
portal venous pressure, and not infrequently they 
slop esophageal bleeding in this way. Should they 
prove ineffective and it becomes necessary to use 
tamponade, the balloon should be deSated at the 
end of 48 hr and removed 24 hr later unless 
bleeding recurs in the interim, necessitating further 
tamponade. In using the Sengstaken-Blakemore 
tube, (1) check the pressures in both balloons 
at frequent intervals to ensure that they are Intact 
and in proper position, (2) have a nurse well 
trained in the management of esophageal tampon- 
ade in constant attendance if the patient is uncon- 
scious or disoriented, (3) fi.x the tube at the ex- 
ternal nares vWth adhesive tape, do not use a 
suspended weight for traction, (4) use hand re- 
straints if the patient is uncooperativ’e or dis- 
oriented. and (5) be on the alert for possible dis- 
lodgment of the balloon into the pharynx; transect 
the tube with scissors and immediately withdraw 
the balloons at the first sign of inspiraloiy distress; 
under these conditions do not attempt to deflate the 
balloons in the usual way since their removal may 
be delayed and result in a fatality. 

If hemorrhage from esophageal varices cannot 
be controlled by conservative measures, emergency 
surgical intervention m.ay become necessary. The 
procedures used include resection of the cardia 
and lower esophagus, transthoracic-transesophageal 
suture of the varices, and portacaval shunt. Of tlicsc 
the last two appear to be the most effective and 
least hazardous. However, Uie mortality following 
any of tlicsc procedures is higli, so th.it none should 
be undertaken unless it is certain tliat tamponade 
and transfusion arc ineffective and that the degree 
of hemorrhage is a threat to life. 

Once n patient has had a massive hemorrhac«* 
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from esophageal varices, the risk of recurrence is 
great, even after ligation of the vessels and strict 
adherence to a good medical regime, and with 
each subsequent hemorrhage the chances of sur- 
vivTil dimmish. For this reason there is a growing 
tendency to adWse a surgical attack on eiUier the 
underlying portal hypertension or the site of varix 
formation as soon after the first hemorrhage as the 
patients ccpndition permits. The most impressive 
results have been obtained with portacaval shunts. 
Recurrences of massive hemorrhage have been 
infrequent, and there is suggestiv’e en'dence that 
longenty has been increased. However, while it 
has been shmsm that 70 per cent of the patients 
operated upon are alive after 2 years, as against 
only 20 per cent for randomly collected untreated 
cases, lilde attention has been paid to the fact that 
the patients selected for surgery have, in general, 
been the ones in the best condition and, hence, 
the ones most likely to surx'ive multiple hemor- 
rhages if left untreated. Nevertheless, it cannot be 
denied that if hemorrhage js presented the chances 
of survival for the cirrhotic patient must be im- 
proved. Unfortunately, the postoperative mortality 
rate following portacaval shunt is still 10 to 20 
per cent, so that the decision whether to operate 
and when requires fine judgment. 

Ligation of the hepatic and splenic arteries 
with splenectomy, in the hope of reducing porta! 
pressure, is less effective tnan portacaval shunt 
and carries an even higher mortality rate. Resec- 
tion of the cardia and lower esophagus, in an at- 
tempt to remove the site of varix formation, is 
used but cannot be recommended, since recurrences 
of varices and hemorrhage arc common. Recently 
there has been a renewal of interest in the infection 
of esophageal varices with sclerosing solutions. 
While this is not the treatment of choice, since 
varices are likely to recur, it may be useful in pa- 
tients whose physical condition contraindicates a 
surgiciJ procedure, or in individuals in whom 
thrombosis of the portal and splenic veins makes 
portacaval shunt impossible. 

A period of bed rest is strongly recommended 
for the sick cirrhotic patient. Not infrequently it 
is followed by striking improvement in individuals 
who haw done poorly’ on an ollicrwisc excmphiry' 
regime. Similarly', in ambulatory patients physical 
activity should be regulated in an attempt to avoid 
undue fatigue and exhaustion. The basis for the 
efBcacy of rest is not known; it may be related to 
the increase in hepatic blood flow and decrease in 
over-all metabolic activity that accompany inactiv- 
ity and recumbency. 

The prinriplcs of treatment in hepatic coma arc 
based on current concepts of its pathogenesis (p. 
157). Tlicy include (I) restriction or omission of 
protein and provision for maintenance of calorie 
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needs in the form of carhohydrate and fat; in the 
comatose patients 2 to 2.5 liters of intravenously 
administered 15 per cent glucose will suffice; 
(2) correction of any deficits in water, blood, or 
electrolytes; (3) intravenous administration of l- 
arginine monohydrocldoride, 23 Cm in 500 ml 
distilled water, repealed once or hvice daily de- 
pending upon the response of the blood ammonia 
level; (4) neomycin, by mouth or lube, 8 to 12 
Cm daily; and (5) clearing the intestinal tract of 
blood, if present, by means of gastric aspiration, 
ealbarsis, and enemas. Neomycin may cause diar- 
rhea and occasionally leads to the development of 
staphylococcal enteritis, so that it should be used 
with caution and for only limited periods of time. 

Postnecrotic Cirrhosis 

Definition. In contrast to Laenncc's cirrhosis, 
which is characterized by the gradual disintegra- 
tion of cells in small s)-mmetrica] foci giving rise to 
a fine diffuse fibrosis with small nodules, post- 
necrotic cirrhosis is the result of a more acute type 
of necrosis involving larger areas of parenchyma in 
a more irregular pattern, which produces a char- 
aetcrisbe picture of large nodules separated by 
broad bands of stromal collapse and fibrosis. The 
size of the nodules and the breath of the con- 
nective tissue septums vary, depending on the dis- 
tribution and extent of the original necrosis In typi- 
cal cases, broad zones of necrosis travenc the 
parenchyma, subdiWdmg it into large lobular ag- 
gregates which lend to proliferate, thereby increas- 
ing the size and distorting the architecture of their 
constituent lobules. Occasionally the necrosis is so 
extensive that an entire lobe, usually the left, is 
destroyed, leaving notiung but stroma. A finely 
nodular or granular cirrhosis may be produced if 
the zones of necrosis and collapse arc diffusely dis- 
tributed in a fine pattern This type may be diffi- 
cult to distinguish from Laenncc’s cirrhosis, unless 
the process is active and some of the characteristic 
histologic features of tlio underlying acute disease 
are still evident Although there is reason to believe 
that postnecrotic cinhosis represents the healed 
stage of acute hepatic necrosis, the initial inlLim- 
mation and ncCTOsis may persist so tliat not infre- 
quently the disease runs a chronic or intermittently 
active progressive course. 

Postnecrotic cirrhosis is knomi hy a variety of 
other names, including posttwcrolic scarring, toxic 
cirrhosis, posthepatitic cirrhosis, coarsehj nodular 
cirrhosis, healed ijclhio atrophij, and MarchantTs 
tnulliple nodular hyperplasia. 

Etiology. Many inst.mces of postiietrotic tirrliosis 
n-present the sequcl.ve of subacute hepatic necrosis 
due to the hcp-ihlis virus (p. 1075). In some the 
in.uiifcst.ilions of cirrhosis follow so tIoseJy on the 
^ heels of a typical atlaek of acute viral hepatitis tliat 


there can be little doubt about the etiology, but 
m others the onset is insidious, so that the viral 
origin of the lesion must be inferred from either 
the character of the histologic changes in the liver 
or a history suggestive of infection in the past. Less 
commonly, postnecrotic cirrhesis js the consequence 
of subacute hepatic necrosis due to poisoning vvitli 
carbon tetrachloride, chloroform, tlie chlorinated 
naphthalenes and diphenyls, tetrachlorethane, TNT, 
or mushrooms (Amanita phalloldes), or to the ad- 
ministration of drugs like cinchophen. 

Late in the disease there may be none of the 
earmarks of the acute necrosis responsible for the 
fibrosis, so that the etiology of the lesion may bo 
difficult to estabbsh, especially if the nodules are of 
the smaU v’ariety. Many instances of cirrhosis seen 
among nonalcoholics M into this group. 

Although diets deficient in selenium and tocoph- 
erol lead to subacute hepatic necrosis and post- 
necrotic cirrhosis in rats, there is no convincing 
evidence that nutritional factors are involved in 
the pathogenesis of postnecrotic cirrhosis in man 

Pathology. The evolution of tlie lesion in the viral 
type of postnecrotic cirrhosis has been desenbed 
elsewhere {p. 1680) Except for the occurrence of 
fatty infiltration early in the course of the disease, 
the zonal distribution of the necrosis, and the char- 
octci of the infiammaloTy reaction, which lends to 
be less extensive but more polymorphonuclear in 
type, the toxic form of postnecrotic cirrhosis devel- 
ops in the same manner. 

The features that distinguish the posthepatitic 
type from Laenncc's cirrhosis include the following! 
(1) the nodules usually are larger, vary more in 
size and shape, and ohen contain several intact, 
but abnormally oriented central veins and portal 
triads; (2) the septums tend to be broader, show 
a more intensive mononuclear inflammatory reac- 
bon. and contain many more blood vessels, regen- 
erating bile ducts, and collapsed and thickened 
rebculum fibers but fewer collagen fibers; (3) tlwj 
parenchyma shows a more active type of regen- 
erab'on, with the appearance of bizarrely shaped, 
mullinudeated cells, and often exhibits eosinophilic 
Councilman-hke hyaline bodies (p. 1672), scattered 
foci of necrosis and degeneration, and a mononu- 
clear exudate, (4) often the veins show an inQ.vm- 
matory reaction in their walls; and (5) fatty infil- 
tmlion and Mallory bodies (p. 1501) ore rare. 

Clinical Features. Often the overt manifcst.ntious 
of arrhosis appear insidiously (1) during conva- 
lescence from an otherwise uncomplicated, and 
sometimes v^iry mild, attack of acute viral or toxic 
hepatitis, (2) after one or more relapses following 
an attack of acute hepatitis, (3) following a vogue 
anicteric illness, presumably due to the hepatitis 
vints, or (4) in an individual in .apparent good 
health who may or may not give a liistor)’ of pre- 
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vious hepatitis. Occasionally the onset is acute and 
severe with signs of subacute hepatic necrosis (p. 
1875), following which, progression to the stage of 
fibrosis may be remarkably rapid. 

The dinical features are very much like those 
of Laennec’s cirrhosis (p. 168G), e.vcept' that (1) 
jaundice appears at an earlier phase and is more 
likely to be persistent or to recur at intcrv'als, (2) 
abdominal pain and gastrointestinal symptoms are 
more frequent and tend to be more severe, (3) pur- 
pura, epistaxis, and other hemorrhagic phenomena 
are more common, (4) the liver tends to be smaller 
and is more often nodular on palpation, (5) once 
ascites appears the Ufa expectancy is x'ery much 
shorter, and (6) therapy is far less effective. 

Laboralor>’ Features. The rcsvrlts of hver func- 
tion tests ate like those in Laennec’s cirrhosis, ex- 
cept that (1) the serum globulin level tends to be 
higher, occasionally reaching concentrations of 8 
or 9 Gm per 100 ml, while the serum albumin level 
tends to be lower, (2) hypocholesteremia is more 
common, and (3) thymol turbidity is increased nitli 
greater regularity, and higher values arc more 
frequent. 

Treatment. The principles of treatment outlined 
for Laennec’s cirrhosis (p. 1038) are equally appli- 
cable In this disease. Although dietary therapy is 
less effective as far as recovery of the li^cr is con- 
cerned, it is, nevertheless, important in maintain- 
ing the patient’s nutritional status during his pro- 
longed illness and in controlling water and salt 
retention. Bed rest is particularly important during 
the early phase of the disease and during periods 
of acute progression. ACTH and prednisone may be 
helpful, and should be tried in all cases with esi- 
dence of active hepatocellular necrosis and inSam- 
malion. Usually prolonged therapy Is indicated, so 
that the dose must be reduced to low maintenance 
levels as soon as maximum benefit has been 
achieved in order to minimize undesirable side 
effects. 

Biliary Cirrhosis 

Definition. \Vliile it m.iy be difiicult to differenti- 
ate between biliary and other forms of cirrhosis on 
morphologic grounds alone, especially late in the 
disease, the clinical manifestations and laboratory 
features of biliar)’ cirrhosis arc highly character- 
istic. They include (1) the early appc.inince and 
persistence of an obstructive-Iike jaundice, with 
pruritus, dark urine, and high levels of scrum alka- 
line phosphatase, cholesterol, and phospholipid; 
(2) marked hepatomegaly; (3) a tendency to de- 
velop xanthomas of the skin as the serum lipids 
increase progressively; and (4) a relatively benign 
Course for a number of years, during which Uiere 
arc few if any clinical or laboratory signs of hepato- 
cellular failure, followed ultimately by (enninal 
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hepatic decompensation or massive bleeding from 
esophageal varices. 

Etiology and Classification. There arc tvv(> major 
types of biliary cirrhosis; one develops following 
prolonged obstruction of the extrahepalic bile diicl.s, 
the other Is the consequence of a chronic infra- 
hepatic inflammatory' reaction due to a v’afioty of 
factors, some of which are still unkmown. The^se two 
types may be conveniently classified as folio'vs: 

CLASSIFICATION or BILIAHV CIRIIIlOSlS 
1. Cxlr.iiiepabc — due to partial or complete oPclusion 
of the major bile ducts 
11. Intrahepatic 

A Primary — etiology unknown 
B. Secondary— due to; 

1. Viral hepatitis 

2. Drug sensitization rc.'ictions 

The cxtrahepaiic type is seen most frequently fol- 
low'ing prolonged partial occlusion of the ci’^imon 
bUe duct by postoperative stricture or stone. How- 
ever, it may be the result of congenital atresi-i. enr- 
dnoma, or benign cysts anywhere along the course 
of the biliary tract from the ampulki of Vflter to 
the bifurcation of the hepatic duct in the porta 
hepatis, provided the patient survives sufRcientl) 
long and the obstruction is not relieved. 'There ap- 
pear to be marked differences in indiv'idual sus- 
ceptibility. biliary cirrhosis occurring within a few 
months of obstruction in some instances, afld not 
for several years, or not at all. fn others. Th(5 ques- 
tion of whether biliary tract infection is a contribu- 
tory (actor is still unsettled. 

Tlwiptinuiry type of vnlrahepatic biliary clrrlio.ri.t 
occurs almost exclusively in women. Neither the 
etiology nor the reason for the unusual sex distri- 
bution Is known. How-ever, it is noteworthy that 
many of the patients have an allergic backjtround, 
and that the number of cases reported has in- 
creased since the introduction of the sulfonamides 
and other sensitizing drugs. Since some of the lat- 
ter have been implicated in the pathogenesis of 
the secondary type of intrahepatic biliary' ciirhosis, 
it is conceivable that unreco^ized drug reactions 
are a more important ctiologic factor in the primary 
type than is generally recognized. Similarly, unrec- 
ognized infections with the hepatitis vims rnay’ be 
a factor in some cases, since ft is kmowm that they 
are capable of prorlucing biliary cirrhosis. 

Tiic secondary type of intrahepatic biliary cir‘ 
rhosls appears to be the end stage of a progressii c 
‘’cholan^olitic" hepatitis, due either to the hepatitis 
Wnis (p. 1G75) or to drug hypersensitivity (p 
lOSl). Thus, typical cases have been report^ fol- 
lowing acute viral hepatitis and reactions to neoars- 
phenamine, nrpcincJiophcn and clilorpron’azfne. 
"Ht one time the primary intrahepatic t>pc of 
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biliaiy cirriiosis was c.illed xanthomatous bOiary 
cirrhosis in the belief that tlie xanthomatosis was 
a manifestation of a primary disturbance in lipid 
metabolism, and that the hepatic lesion was sec- 
ondary to xanthomatous obstruction of the biliaiy 
tract. However, it is now known that the hyper- 
cholesteremia and xanthomatosis in both extra- and 
intrahepatic biliary cirrhosis are manifestations of 
the underlying liver disease and bear no relation- 
ship to familial hypercholesteremia and xanthoma- 
tosis, and that xanthomatous deposits in the biliary 
tract play no role in the pathogenesis of cirrhosis. 
It should be emphasized that not all cases of biliary 
cinhosis develop xanthomatosis, the occunence of 
such lesions depending on the mapiitude and dura- 
tion of the serum lipid elevation. In general, xan- 
thomas occur more frequently in the primary intra- 
hepatic type than in any of the other forms of 
biliary cirrhosis. The longer duration of the disease 
in the former and the greater delay in the appear- 
ance of hepatocellular failure, which tends to lower 
the serum lipids, probably account for this dif- 
ference. 

Other s)Tionyms sometimes applied to the pri- 
mary type of intrahepatic biliary cirrhosis include 
Hariof's hypertrophic, pcricholangiollltc, cholangia- 
Utlc, and nonobsinrrtive chofangiilc bilianj cirrhosis. 

Palhology, Folloss'ing occlusion of the extra- 
hepatic bde ducts the liver shows a number of 
characteristic changes, which include (1) signs of 
bile stasis, as evidenced by the presence of bile 
thrombi in the central canaliculi, and bile staining 
of scattered parenchymal and Kupffer cells, (2) 
foci of parenchymal necrosis in the periportal and 
midronnl areas, presumably due to the effects of 
escaped bile, (3) elongation, dilatation, and pro- 
liferation of the interlobular and pcnlobukir bile 
ducts, (4) e.xudation of pcljinorphonuclear, eosino- 
philic, and mononuclear cells in the portal triads, 
and (5) thickening of the portal triads due to 
edema, exudate, duct piolifciation, and fibrosis. Jf 
the obstruction is not relieved, the portal triads con- 
tinue to thicken and extend farther and farther into 
the parench)Tna, ultimately bridging adjacent portal 
triads and giving rise to a perilobular fibrosis. At 
this stage the lobular pattern is still evident, but 
extension of the Cbrotic and inflammatory process 
to the parenchyma ultimately destroys the normal 
lobular pattern, producing llie full-blown picture 
of biliary cirrhosis. The Iber is enlarged, finely 
granular, firm, and bile stained. Large nodules are 
unusual, since the regenerative response of the 
p.xrcnchyma is limited in the face of bile stasis. It 
should be noted that the transition from simpfe bile 
st.isis to outspoken cirrhosis is a veiy gradual one 
and sehlom can be recognizixl clinically, except Lite 
m the disease. 


Early in primanj intrahepatic biliary drrhosis 
there is a low-grade chronic inflammatory reaction 
centered about the small perilobular cholangioles. 
This is accompanied by perilobular bile stasis and 
degenerative changes in the adjacent parencbjina] 
celb. As the disease advances, fibrosis and inflam- 
mation extend into the parenchyma, bridging adja- 
cent portal triads and producing the type of peri- 
lobul^ fibrosis seen in early obstructive biliary cir- 
rhosis. However, the reduplication of the terminal 
cholangioles is less striking, the large interlobular 
ducts tend to diminish in number, and evidence of 
bile stasis is less prominent. Later, as the fibrotic 
process progresses, the lobular pattern is obbterated 
and tlie picture of cirrhosis emerges. At this stage 
the liver is enlarged, bile stained, and finely granu- 
lar. 

The evolution of the lesion in posthepatitic bilianj 
cirrhosis has been described elsewhere (p. 1675). 

In drug-induced biliary cirrhosis the pathogenesis 
of the lesions closely resembles that of the primary 
intndiepatic type. 

It should be emph-isized that, while it may be 
possible to distinguish between the lesions in the 
various forms of biliary cirrhosis early in the course 
of the disease, it is rarely possible to do so by the 
time the fuU-blovx’n picture of cirrhosis has devel- 
oped. 

The pathogenesis of the jaundice in the intra- 
hepatic type of biliary cirrhosis is uncertain. Ob- 
struction of the cholangioles by infiammatory exu- 
date and fibrosis, and increased diolangiolar per- 
meability with regurgitadon of bile are thought to 
be the principal factors inx’olved, but the evidence 
for this is indirect and inconclusive. 

Clinical Features. In the primary intrahepatic 
type of biliary cirrhosis the onset is insidious, with 
pruritus or, less commonly, with jaundice. As the 
disease advances, pruritus becomes more trouble- 
some, jaundice deepens slowly, bile appears in the 
urine, and the stools tend to lighten in color. Often 
these signs of biliary “obstruction" fluctuate in 
intensity. Progressive enlargement and induration 
of the liver occurs and usually is accompanied by 
significant splenomegaly. Many patients develop a 
striking melanotic pigmentation of the sldn, and oc- 
casionally this is associated with vitiligo. General- 
ized Ij-mphadenopathy is common, and occasionally 
dubbing of the fingers is seen. 

Some months to years after onset a certain 
number of patients develop xanthomatosis. Usually 
this can be correlated \nth a sustained elevation 
of the serum lipids. It has been found that if the 
total lipids exceed 1,800 mg, or if the total choles- 
terol exceeds 500 mg per 100 ml for a period in 
excess of 3 months, xanthomas may be expected to 
appear. This occurs first as typical xanthelasma of 
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the eyelids, and then as flat planus lesions in the 
palmar creases and over the sldn of the neck, chest, 
and back. Later, more nodular tuberous lesions ap- 
pear over the extensor surfaces of the knuckles, d- 
bou’S, knees, and ankles, and o\'er the buttodrs. 

Another striking feature of this disease is steator- 
rhea, due apparently to mal.ibsorption of fat re- 
lated to a decrease in bile salt excretion. The stools 
tend to increase in frequency and occasionally are 
bulky, foul, and loose. A more important complica- 
tion is decalcification of bone, which often is accom- 
panied by compression of the vertebral bodies and 
back pain. This appears to be the consequence of 
excessive fecal losses of vitamin D and caldum in 
relation to the steatorrhea, but a postmenopausal 
defect in bone matrix formation may be involved in 
some cases. It has been suggested that losses of 
other fat-soluble vitamins, and especially xntamin A, 
may play a role in the pigmentation and thickening 
of the skin that occurs in this disease. 

In contrast to other forms of cirrhosis, the pa- 
tient feels remarkably well and loses httle or no 
rveight over a period of years, despite the fact that 
the disease is progressive. Also, there is a striking 
absence of anorexia, indigestion, abdominal pain 
and tenderness, chills, and fever. Ultimately, how- 
ever, signs of hepatic failure (p. 1088) or massive 
bleeding from esophageal varices appear. Death 
may occur within 2 years, but many patients LVe 
as long as 10 years. Of interest is the fact that, as 
hepatocellular failure develops, there is a fall in the 
serum lipids and a disappearance or decrease in the 
size of the xanthomatous lesions. 

The clinical course in the other forms of biliary 
cirrhosis is very similar, except that attacks of ab- 
dominal pain, chills and fever, and a history of 
antecedent gallbladder disease or bfliary tract sur- 
gery are common in the extrahepatic type, svhile an 
onset with typical acute viral hepatitis or a drug 
sensitization reaction is characteristic of the second- 
ary intrahcpatic type. 

Laboratory Features. Early in the disease the 
principal findings are those of obstructive Jaundice, 
viz., an elevated direct and total serum bilirubin, a 
high serum alkaline phosphatase level, slightly 
raised levels of serum transaminase, increased 
serum cholesterol and phospholipid, and a decrease 
in fecal urobilinogen. Characteristically the serum 
is clear despite its high lipid content, apparently 
because the concentration of neutral fat is not m- 
creased. The serum albumin level is normal or only 
slightly decreased but falls when hepatocellular 
failure occurs. However, the serum globulins, and 
especially the p- and y-fractions, are increased from 
the beginning. The cephalm-cholesterol floccula- 
tion reaction may be positive or negative, but 
thymol turbidity is increased with regularity, high 


values being especially common in pah'ents \rith 
marked hypercholesteremia. Despite steatorrhea 
and jaundice, the prothrombin level is nonnal, 
or if depressed, is readily corrected by the paren- 
teral administration of vitamin K. 

Diagnosis. The possibility of biliary cirrhosis 
must be considered in any case of prolonged “ob- 
structive” jaundice accompanied by significant 
hepatomegaly. Once signs of portal hypertension 
or xanthomatosis appear the diagnosis can be made 
chnically with reasonable assurance, but earlier in 
the disease biopsy of the liver may be necessary. 
Usually die most difficult problem is the distinction 
between the extra- and intrahcpatic types. Since 
this can seldom be made ivilh certainty on clinical 
or even histologic grounds, every patient with 
biliary cirrhosis deserves a thorough surgical ex- 
ploration with cholangiography to exclude the 
presence of a remediable obstruction in the extra- 
hepatic biliary tree. 

Treatment. Surgical relief of biliary obstmcb'on 
is essential in those with extrahepatic biliary cir- 
rhosis. If this can be accomplished, remarkable im- 
provement may be expected, even when the disease 
is advanced. 

The objectives of treatment in the intrahepatic 
type of cirrhosis are the maintenance of nutrition, 
control and prevention of complications, and 
the relief of pruritus. 

While a high protein, high caloric diet is of 
value in maintaining weight and strength, it appears 
to have little effect on the underlying hepatic 
lesion. Fats need not be restricted unless steator- 
rhea becomes troublesome. There is no evidence 
that limitation of dietary fat alters the course of the 
disease or the accompanying hypercholesteremia 
and xanthomatosis. Daily supplements of vitamins 
A and D and a high calduni intake are indicated 
to compensate for fecal losses. Vitamin K is admin- 
istered if the prothrombin level is low. It may be 
necessary to administer the fat-soIuble vitamins by 
the parenteral route if steatorrhea is severe. 

The management of ascites ai\d bleeding eso- 
phagal varices is the same as in Laennec’s cinhosis 

(p. 1688). 

Pruritus is a difficult therapeutic problem. Occa- 
sionally soothing lotions and baths and the anti- 
histamine drugs are helpful, but when itching is 
severe only methyltestosterone in daily doses of 25 
to SO mg sublingually appears to be effective. Al- 
though it usually produces an increase in jaundice, 
it has no long-term ill effects. Moreover, it tends to 
lower the serum cholesterol and phospholipid levels 
and may thus prevent further xanthoma formation. 

A course of prednisone is worth trying, partic- 
ularly in patients whose biliary cirrhosis is thought 
to be posthepatitic, since It occasionally suppresses 
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die activity of the disease and induces a partial 
remission. 

Cardiac Cirrhosis 

Pathology. Characteristically the liver enlarges in 
congestive heart failure. Microscopically there is 
engorgement of the pericentral sinusoids with 
atrophy, degeneration, and necrosis of the inter- 
vening parenth)Tnal cells, and little or no inflam- 
matory reaction. The central veins arc dilated and 
thiclccncd, and occasionally there is hemonhage 
into the pericentral zone of degenerating liver cells. 
Usually dicse changes arc tlie consequence of the 
increase in hepatic venous pressure, the stasis of 
blood, and the hypoxia that follow congestive heart 
failure. However, very similar changes may be pro- 
duced by occlusion of the hepatic veins (Clilari’s 
sjTidrome), constriction of the pericardium, and 
vascular shock. 

If congestion is prolonged and severe, the peri- 
central zones of parenchj’mal atrophy and necrosis 
extend until adjacent central veins are bridged. 
Since hepatoeeUubr regeneration is relatively in- 
effective under these conditions, the stroma tends 
to collapse, ftimnng bands of condensed and thick- 
ened reticulum fibers, which ultimately undergo col- 
lagenization. This gives rise to a reversal of the 
normal lobular pattern, with centrally placed portal 
triads and perilobular rings of fibrous tissue Join- 
ing adjacent central veins Later, the zones of con- 
gestion. atrophy, and reticular collapse extend to 
the portal triads, so that ultimately the lobular 
architecture is destroj'cd, resulting m the develop- 
ment of cirrhosis. As a rule, there is little active 
regeneration, so that the liver is finely granular 
and tends to dimmish in size Occasionally, however, 
particularly when bouts of severe congc*stion alter- 
nate with periods of compensation, regenerative 
nodules of varying size may be formed. 

Clinical Fenjurcs. In uncomplicated chronic pas- 
sive congestion, the liver is enlarged and tender, 
and in long-standing cases it may be firm, even in 
the absence of fibrosis Pulsation of the liver is char- 
acteristic of tricusp/d valvular disease. Pressure 
over the liver often produces a significant mcrcasc 
m the distention of the jugular veins (hepatojupi- 
lar reflux). Occasionally the spleen is enlarged, 
hut other sipis of portal hypertension arc rare, al- 
lliinigh small asymptomatic esophageal varices nuiy 
be observed at autopsy Many patients with conges- 
tive failure e.xhibit mild hyperbilirubinemia, but 
frank jaundice and bilinibinuria are imusital, ex- 
cept in patients witli severe tricuspid valvular dis- 

e. -ise or in those with tomplic.atiiig pulmonary iii- 

f. vrction. The jaundice is primarily of hepatocellular 
origin, but mcreaswl hemolysis may be a factor in 
cases vvnlh pulmonary infarction. Ascites Is a com- 

j'_-mon finding in adv.anccd congestive failure. No 


doubt the increase in hepatic venous pressure plays 
a role in its patliogcnesis, as it does in other condi- 
tions (p 154), but how much the accompanying 
hepatocellular injury contributes to the general phe- 
nomenon of salt and water retention in cardiac 
failure is still a matter of conjecture. 

Tlie transition from chronic passive congestion 
of the liver to cardiac cirrhosis is a very gradual one 
and difficult to recognize clinically, since the signs 
and symiptoms in tlie two conditions are very’ much 
the same. However, intractable ascites, a firm, non- 
fender fiver, absence of a demonstrable hepatojugu- 
lar reflux, and progressive splenomegaly arc fea- 
tures that should suggest the diagnosis. In contrast 
to otlier forms of cirrhosis, deep jaundice, spider 
nevi, bleeding from esophageal varices, and hepatic 
coma are unusual. 

WTiile cardiac cirrhosis may occur in any type of 
heart disease, it is seen most frequently in rlicii- 
matic heart disease, severe cor pulmonale, and 
constrictive pericarditis. 

I.aboralory Features. The most frequent func- 
tional abnormalities associated with congestion of 
the liver include Dromsulphalein retention, a slight 
rise in the servm bilinibin fevef, an increase in 
urine urobilinogen, and a fall in the serum albu- 
min These parallel the seventy of the hepatocel- 
lular changes However, there is some evidence to 
indicate tlut Bromsulphalein retention may, in part 
at least, be a function of reduced hepatic blood 
flow In patients with overt jaundice the unne may 
contain bile Occasionally there is an increase m 
serum globulin, cephalin-cholestcrol flocculation, 
and thymol turbidity. 

The changes m cardiac cirrhosis are very similar, 
but the Scrum albumin concentration tends to fall 
to a lower level. 

Diagnosis. The recognition of congestive hepato- 
megaly and cardiac cirrhosis is seldom difficult 
However, they may be mistaken for other forms of 
cirrhosis when the signs of heart disease are 
nutsked. as in conslnctivo pericarditis. 

Ilemochroma tosis 

Seep 785 

Hepatolenticular Degeneration (Wilson’s Disease) 

Sccp.76S. 

Cirrhosis Due to Schistosomiasis 

Infestaliuns with Sc/iisfosoma mafisoni or Schisto- 
soma fai>onictitn may give rise to an unusual type 
of cirrhosis Although the disease is not indigenous 
to this country, it is very common among Puerto 
iliean immigrants, and is seen occasionally m vet- 
erans of the Second World \^’ar who served In tlie 
Pacific area. 



THE LIVEIl, CALLBLADUCn, AND BILK DUCTS 


Pathology. Some of the schistosome ova depos- 
ited in the distal tributaries of the portal \ein are 
swept back into the liver, where they produce a 
granulomatous reaction in the portal triads, the 
periportal parcnchjTna, and the inliahepatic portal 
radicles themselves. As the lesions age and become 
fibrotic, the encapsulated o%’a degenerate. Occa- 
sionally the process is confined to the larger inlra- 
hepatic periportal areas, giving rise to so-called 
“white, pipestem fibrosis," which mimics cirrhosis 
clinically but differs from it in that tfie remaining 
parenchyma is intact. However, patients with he- 
patic schistosomiasis may develop a fine nodular 
cirrhosis of the Laennec’s type. In some, this ap- 
pears to be the consefiuence of a widespread 
granulomatous reaction to ova, but in others the 
etiology is uncertain and may be related to accom- 
panying malnutrition. 

Clinical Features. The principal findings in he- 
patic schistosomi.asis are progressive enlargement 
of tile liver and signs of portal hyTiertcnsion. Bleed- 
ing from csopliageal varices is a frequent compli- 
cation, while signs of hepatocellular failure are 
relatively uncommon, except in patients with mal- 
nutrition, in whom dve disease behaves mote like 
Laennec’s clnhosis. 

Some patients have frank signs of intesUn.!! 
schistosomiasis, but many of the Puerto Ricans 
seen in this country, who present with hepatomeg- 
aly or esophageal bleeding, have no other clinical 
manifestations of the disease. Often rectal biopsy 
is positive for ova, but if not the diagnosis can 
usually be established by means of ne^e biopsy 
of the liver. 

For a more complete discussion of schistoso- 
miasis see p. 1225. 

Rare Forms of Cirrhosis 

Granulomatous Cirrhosis. Occasionally, granu- 
lomatous diseases are accompanied by cirrhosis- In 
the case of sarcoidosis (p. 1683) and brucellosis 
(p. 1681) it IS reasonably certain that the cirrhosis 
follows healing of extensive granulomatous lesions, 
but in tuberculosis (p 168-1) it is doubtful that the 
cirrhosis is of granulomatous origin. 

Cirrhosis Associated with Metabolic Disorders. 
A significant number of patients with diaheies meU 
litus have fath’ livers, and a few develop a lesion 
resembling Lacnnec's cirrhosis. Many authorities 
attribute the fatty infiltration to obesity, stan-alion. 
or poor regulation of the di.ibetcs and regard the 
association of diabetes and cirrhosis os fi^iilous. 
However, this opinion is not shared by all investi- 
gators. so that the pathogenesis of cirrhosis in dia- 
betes is still an unsettled problem. 

Rarely, Itijpcrthijroidism is accompanied by dr- 
rhosis. It Is generally believed that the cirrhosis is 
the consequence of congestive heart failure, but it 
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lias been suggested that in some instances it mav 
be tile result of a specific circulator)' disturbance, 
an induced nutritional deficiency', or a relative hy- 
poxia related to the hyperthyroid state. 

Not infrequenlly infants with palcdoscmia, a con- 
genita] disease in which galactose cannot be metab- 
olized, develop an hepatic lesion resembling Laen- 
noc's cirrhosis. This has been attributed to the 
toxic action of galactose or ti> a nutrition.al defi- 
ciency' rcLited to the inability to utilize the g.ilac- 
lose in milk. However, neither of these theories 
has been established. 

Rarely' tow Cirrics disease (p. 772) is associ- 
ated W’llh cirrhosis. 

Occasionally Uie dc Toni-Fanconi stjndrome is 
accompanied by a coarsely nodular cirrhosis. The 
pathogenesis of the hepatic lesion is unknowai. A 
nutritional deficiency related to the loss of amino 
acids has been postulated, but the cxidenee for this 
Is not convincing. 

Ef^lhrohlastosis Fetalis. Often the liver is se- 
verely injured in erythroblastosis, and rarely cir- 
rhosis is a sequela On the basis of indirect evi- 
dence it has been suggested that other forms of 
infantile or juvenile cirrhosis may be the conse- 
quence of other unrecognized maternal blood in- 
compatibilities. 

INnLTRATlONS OF THE LU'ER 
Fatty Liver 

U$u.aUy fatly infiltration of tlie liver is due to a 
doficicnry’ of lipotropic substances secondary to 
faulty' dietary’ habits, chronic alcoholism, absorptive 
defects, or the malnutrition of certain chronic wast- 
ing diseases. However, it is seen also in metabolic 
disorders such as diabetes mcUitus and galacto- 
semia, in obesity, and as a transient phenomenon 
in poisoning w’ith agents like carbon tetrachloride 
and phosphorus. The pathogenesis in the latter 
group is uncertain. Except in the case of obesity', 
long-continued fatty infiltration appears to pre- 
dispose to the development of cirrliosis. 

Often tlie fatty liver is enlarged to palpation, 
and not infrequently there is mdeJ Bromsulphalein 
retention. Other signs of hepatocellular failure and 
portal hypertension do not occur unless there is 
accompanying hepatic necrosis or fibrosis. 

Hemosiderosis 

Usually abnormal deposits of hemosiderin in the 
liver are a sign of increased total body stores of 
iron, niis may be the result of an excessive uptake 
of iron from the gastrointestinal tract due to (I) 
a congenita] absorptive defect, as in liemochroma- 
losis, (2) ihe slimulm of chronic anemia with fail- 
ure to utilize the absorlxd iron, as in certain homo- 
lytic stales, (3) an cscrssive intake of iron, (^) the 
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use of low protein, low phosphate diets tliat en- 
liance iron obsoiplion, or (5) the transfusion of 
large amounts of Wood. 

Uncomplicated hemosiderosis of the liver pro- 
duces no s)Tnploms. The question of whether the 
fibrosis seen in advanced cases is the result of 
hepatocellular degeneration related to cxcessh’c 
storage of iron is still unsettled. 

Tlie reader is referred to Uie chapter on hemo- 
chromatosis (p. 785) for a more complete discus- 
sion of tills subject. 

CI}Cogcn Storage (von Gierke’s) Disease 

See p. 772. 

Am>IoJdosis 

The liver is inveh-ed in a high proportion of 
patients with secondary amyloidosis, and somewhat 
less frequently in those with primary amyloidosis 
and the tyT^c associated with multiple myeloma. 
Amyloid is deposited between llie sinusoids and 
the parenchymal cells, slowly obliterating the for- 
mer and causing atrophy of the latter. In addition, 
the walls of Uie blood vessels may be infiltrated, 
especially in the primary type. 

The liver is enlarged, smooth, and firm Jaun- 
dice, spider nevi, and ascites are rare, except in 
advanced cases. Port.!! hypertension is not a fea- 
ture, but the spleen may l)c enlarged as a result of 
amjlold deposition. The remaining clinical signs 
and symptoms relate to involvement of other tis- 
sues and are described elsewhere (p. 783). 

Despite extensive Infiltration of the liver, hepato- 
cellular function tends to be little deranged, except 
for slight Bromsulphalein retention. Hypoalbumm- 
emla and hypercholesteremia, common In ad- 
vTinccd cases, appear to be more closely related to 
the accompanying nephrotic syndrome. Hyperglob- 
Wmerma te an hicoTis\an\ finiltng, and usuaUy 
cephalin-cholcslcrol and thymol turbidity reactions 
arc nonnal. Occasionally high levels of scrum alka- 
line phosphatase are seen. 

Lymphomalous and Ollier 
ncticulocndothcli.'il InfiUrntioos 

Not infrequently the liver participates in tlic 
nbnorm.al generalized reticuloendothelial reactions 
that characterize leukemia, //or/gA/n's disease, and 
Ujmphosarcoma. \V1ictlier the licpatic lesions repre- 
sent infiltrations from without or a local rcticuJo- 
cndolhelial reaction to the underlying slimiihis Is 
not clear. Hepatomegaly is the principal finding, 
apart from the other manifestations of the tmder- 
lying disease, and, except for jaundice, rarely is 
accompanied by other signs or symptoms of liepa- 
toccllubr failure. While jaunslice may occur In any 
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of these conditions, it is most common in Hodg- 
kin’s disease, where it usually is due to a combina- 
tion of biliary obstruction and parencliymal de- 
struction. Occasionally a hemolytic process is 
Inc'olved. 

In extramediillarij /icmo/opo/csis the liver m.ny be 
enlarged owing to infiltration of the sinusoids and 
portal triads with megakaryocytes and immature 
erythrocytes and leukocytes, ^!arked splenomegaly 
is an invariable aec-ompaniment. The disease rep- 
resents a reversion to a fetal ty'pe of hematopoietic 
activity in response to aplasia or replacement of 
the normal hone marrow. The hepatic lesions sel- 
dom give rise to any symptoms, the principal mani- 
festations being related to the underlying bone 
maritiw disease. 

Gaucher's disease and Niemann-Fick disease are 
hereditary disorders characterized by a generalized 
proliferation of abnormal reticuloendothelial cells 
containing lipid, a cerebroside (kerasin) in the for- 
mer, and a phospholipid (sphingomyelin) in the 
latter. In both diseases the liver and spleen are 
infiltrated with these cells, resulting in hepatomeg- 
aly and splenomegaly. The hepatic lesions give rise 
to no symptoms, the clinical manifestations being 
due to involvement of other tissues (p. 780) 

SPACE-OCCUPYING LESIONS 
Primary Carcinoma of the Liver 

Carcinomas that arise in the liver may be derived 
from cither the parenchymal cells or the inlrahe* 
patic bile duct epithelium, and are known respec- 
tively ns hepatomas and ciiofirngiomas. The former 
are twice as common as the latter. Occasionally 
tumors show features of both types. 

Males arc affected more frequently than females, 
and the onset js more common after the age of 
fifty, aUliQuglv Uve disease ma.y occur in children 
and young adults The incidence is particular!)' 
high in areas where nutritional and parasitic dis- 
ease of the liver is endemic. Thus, in this country 
primary hepatic carcinomas comprise only 2.5 per 
cent of all malignancies, while in South Africa. 
China, and Malaya the incidence among natives 
ranges from 30 to 50 per cent. 

Cirrhosis appears to be an important predispos- 
ing factor and is found in approximately 75 per 
cent of patients with hepatoma and 50 per cent of 
those with cliolangioma. YMiile the inciilcnce of 
primary lunatic carcinoma is only 0.3 per cent in 
routine autopsies, it varies between 2 and 8 per 
cent in the cirrliotic group, being highest in the 
postnecrotic and hcmochromatotic types. 

Often the clinical picture is that of the underly* 
ing cirrhosis, so that the presence of a complicating 
hepatoma may be overlooked. In patients known 
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to have cirthosjs^the possibility of t his complica-- 
tion should be_ considered when (1) jaundic^ 
ascites, or bleeding from esophageal vatkes~bccurs 
without provocation, (2) abdominal pain is a 
prominent_ feature, (3) the liveFjs unusually large 
and tender, has l arge p alpable nodules on its sur- 
face, is enlarged asymmetrically, or has an overly- 
ing friction rub or vascular bruit, (4) there is rapid 
weighMoss out of beeping with the dietary^iMf^e, 
(5) high fevet_and leukocytosis are present, (6) 
the sermn alkaline phosphatase level is unusually 
high, or (7) the ascitic fluid is bloody. It must be 
emphasized that these features are not seen in all 
cases, and, indeed, some are relatively uncommon. 
Jaundice occurs in only half the patients and may 
be due to obstruction of bile ducts or to extensive 
destruction of the parenchyma. Ascites and eso- 
phageal bleeding are frequent but inconstant fea- 
tures. While they may be related to the accom- 
panying cirrhosis, the tendency of the tumor to 
invade tJie hepatic and portal veins appears to be 
an important factor in many cases. High fever, 
marked leukocytosis, friction rubs, and bruits are 
unusual but are important clues when present. A 
high alkaline phosphatase level Is not a constant 
finding but is highly suggestive of intrahepatic 
malignancy, particularly in the absence of jaundice. 
Bloody ascitic fluid is seen occasionally in uncom- 
plicated Laennec's cirrhosis but is more common 
in the presence of malignancy. 

In the absence of overt signs of cirrhosis, the 
diagnosis may be very difficult, since wchexia, ab- 
dominal pain, jaundice, ascites, and hepatomegaly 
are features common to other forms of intraabdom- 
innl malignancy with metastases to the liver and 
peritoneum. There is a clinical impression that 
hepatomas rarely metastasize. However, this is not 
borne out by autopsy studies, which indicate that 
metastases occur in approximately 65 per cent of 
cases, the sites of pteddecUon being the periportal 
and peripancreatic lymph nodes, the lungs and 
pleura, the peritoneum, the bones, the brain, and 
the adrenal glands. Occasionally symptoms refer- 
able to bony metastases are the first to appear. 

Needle biopsy of the liver is an important diag- 
nostic aid and is positive in a high proportion of 
cases. X-ray studies are useful in excluding primary 
carcinomas in other sites and, occasionally, are 
helpful in establishing the presence of an intra- 
hepatic mass by demonstrating a localized deva- 
tion of the right leaf of the diaphragm. 

The outlook is virtually hopeless, most patients 
dying within a few months to a year. Successful 
excision of carcinoma localized to a single lobe 
has been reported, but this is a rarity, sin(» the 
tumor has usually spread by way of the intra- 
hepatic vessels to involve the entire liver by the 
time the disease is recognized clinically. 
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Other Primary Tumors of the Liver 

Hemanghmes are common in the liv'er. Usually 
they are small and asymptomatic, but occasionally 
fliey are large or very numerous, producing Jiepatic 
enlargement or localized swelling of the liver. Fe- 
males are affected more frequenUy than males, and 
left lobe involvement is more common than right. 
When the tumor is large it may produce pain or 
may give rile to a fatal hemorrhage into the peri- 
toneal cavity, either spontaneously or following 
trauma. Occasionally, obstructive jaundice is a 
complication, and, rarely, congestive heart failure is 
the result of extensive arteriovenous shunting of 
blood through the tumor. An hepatic bruit is audi- 
ble in some cases, and not infrequently calcifica- 
tion is demonstrable radiographically. Successful 
surgical removal of localized hemangiomas is pos- 
sible and is generally recommended to prevent 
massive hemonhage and to relieve pressure symp- 
toms. 

Malignant hemangioendotheliomas and other 
forms of sarcomo are very rare. 

Metastatic Neoplasms of the Liver 

These occur at least twenty times as frequently 
as primary carcinoma of the liver and are found 
in approximately one-third of all malignancies. 

The liver appears to provide a peculiarly favor- 
able environment for the growth of tumor cells, and 
by virtue of its double circulation is in a strategic 
position to trap metastasizing cells gaining access 
to either the portal venous or hepatic arterial blood 
stream. In addition, retrograde invasion of its lym- 
phatics from adjacent organs is possible. As might 
be eiqiected, tumors arising in the distribution of 
the portal vein, such as gastrointestinal and pan- 
creatic carcinoma, metastasize to the liver more 
commonly than to tlie lung. However, it is surpris- 
ing to find that the same is true of tumors arising 
in the breast, uterus, ovary, and kidneys, whose 
venous drainage reaches the lungs first. Only in the 
case of thyroid and prostatic carcinoma is pulmo- 
nary involvement more common. Whether tumor 
cells pass through the Jung and reach the liver by 
way of the arterial circulation or extend to con- 
tiguous tissues drained by the portal vein is un- 
certain. In the ease of the breast, it is believed that 
metastasis occurs by way of lymphatics. 

Metastases are usually multiple and, once im- 
planted, tend to grow rapidly, inx’ading blood ves- 
sels and lymphatics and extending to other parts of 
the liver. Not infrequently the growth of tumor tis- 
sue in the liver is far more conspicuous than at 
the primary site, and, indeed, the clinical manifes- 
tations may be predominantly hepatic at a time 
when the primary lesion is not detectable. This is 
particularly true of carcinomas arising in the pan- 
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creas, gallbladder, kidney, and lung, and of mela- 
nosarcomas. 

Tlie clnical features vary, depending on the 
tent and location of the lesion. At one eTlreme, 
there may be no signs or symptoms suggesli\e of 
metastasis, while at the other, invasion may be so 
estensive that signs of hepatocellular failure and 
portal obstruction are produced. 

Sooner or later, weight loss, anorexia, abdominal 
pain, and hepatomegaly develop. Usually the liver 
is very hard, because of the fibrotic reaction fre- 
quenOy associated with mahgnanl inBltration, ond 
often nodules arc palpable. Although the liver is 
not palpable in all instances, it tends to enlarge 
progressively os the disease advances, and occa- 
sionally it grows to tremendous size. Rarely, an 
o\’eil)*ing friction rub may be audible. Jaundice is 
an inconstant and late finding and may be due to 
obstruction of major bile ducts, either within the 
liver or at the porta hepatis, or, less commonly, 
to hepatocellular failure. Usually ascites follows 
spread of the tumor to the peritoneum, but it may 
be llie result of invasion of the hepatic or portal 
sein, severe hjT)oalbumincmia, or hepatic decom- 
pensation. Splenomegaly occurs in 10 to 15 per 
cent of cases It is said to be especially common in 
pancreatic carcinoma because of splenic vein ob- 
struction, but in the author's experience spleno- 
megaly has not been limited to this particular 1)70 
of tumor and usually has been due to massive in- 
vasion of the liver producing portal hypertension. 
Esophageal varices and massive upper gastromtes* 
Unal bleeding may be complications in sudi cases 

Hepatocellular function may be completely nor- 
mal, even in the face of extensive metastasis. How- 
ever, Bromsulphalem retention and a significant 
elev’ation of scrum alkaline phosphatase are com- 
mon findings. Usually cephalin-cholesterol floccula- 
tion and th)Tnol turbidity are normal, except very 
late in the disease. Often the scrum albumin level 
is lowered, but this may be the ccmscqucnce of 
malnutrition. Tlie high alkaline phosphatase level 
is of particular diagnostic significance in the ab- 
sence of jaundice and signs of bone inv'olvemenl; it 
should suggest the possibilit)' of hepatic malig- 
nancy or some other t)pe of infiltration. 

Short of surgical exploration, needle biop^ of 
the liver is by far the most useful and accurate 
diagnostic aid in this disease. Approvmately 80 
per cent of hepatic metastoses can be demonstrated 
by this technique, not infrequently in the absence 
of any overt signs of the disease. Considering the 
focal character of the gross lesions seen at the 
autopsy and their scattered distribution, this ind- 
clence appears incredible. However, the infiltrab'oQ 
usually is mucli more diilusc than is evident on 
macroscopic examination, because of the tenderwy 
of the tumor to spread along vascular channels. 


Amebic Abscess 

Seep. 1197, 
pyogeme Abscess 

The incidence of pyogenic abscess, which has 
always been lower than that of the amebic variety, 
has declined Appreciably since tlie introduction of 
antibiotic therapy in the management of infections 
that predispose to abscess formation. 

Almost always, pyogenic abscess of the liver is 
the result of parenchymal invasion by organisms 
stemming from an adjacent or distant septic focus. 
Ilow'cver, the source of infection may be difficult 
to detect, and rarely the infection is primary in the 
liver as a result of a penetrating or crushing wound. 
Organisms may gain access to the liver via the 
portal vein, hepatic artery, or lymphatics, or by 
direct extension from the biliary tract or other 
contiguous structures. 

Any suppurative focus in the drainage area of 
the portal vein may give rise to an hepatic abscess. 
At one time acute appendicitis was the most fre- 
quent offender, but it has been superseded by 
biliary tract infection, probably because the latter 
Is less amenable to chemotherapy. Usually there 
is an initial local thrombophlebitis, from which 
organisms are fed into the liver, either by embolfza- 
tiOQ or by direct extension of the phlebiUc process 
to the nortal vein and its intrahepatlc radicles 
fpylepluebitis). 

Direct extension of infection to the hepatic 
parenchyma occurs most commonly in suppurative 
cholangitis associated with biliary obstruction, but 
It may also follow rupture of the gallbladder, per- 
foration of a peptic ulcer, pancreatic abscess, or 
other conditions leading to subhepatic or sub- 
phrenic suppuration. No doubt spread of infection 
by way of the l)’mphatics or portal radicles is an 
additional factor in many such cases. 

Rarely, pyogenic infections are the result of bac- 
terial embolization by way of the hep.'itic artery in 
hematogenous infections associated with osteomye- 
litis, bacterial endocarditis, or pulmonary dise.ise. 

The lesions may be single or multiple, tlie latter 
occurring more frequently when the infection has 
spread fay way of the biliary tract or the vessels. 
Occasionally small abscesses coalesce to form a 
large solitary lesion. The right lobe is involved 
more often than the left. 

Most pyogenic abscesses of tlie liver are due to 
infection with Escherichia coU, streptococci, staphy- 
lococci, or Friedliinder’s bacilli, but occasionaUy 
Clostridium uclchii (C, perfringens). Pseudomonas 
aenigmosa, salraoncUas, gonococci, Bactcroides fun- 
dlliformis, and other agents are implicated. 

The principal symptoms arc those of sepsis, 
natncly, recurrent chills and fever, sweats, prostra- 
tion, anorexia, nausea, vomiting, and weight loss. 
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In addition, there are signs pointing to involvement 
of the liver, including abdominal pain, disteirtion, 
and hepatic enlargement and tenderness. Usually 
the pain is acliing in character and localized over 
the hepatic area or epigastrium, and not infre- 
quently it radiates to tlie riglit sliouldcr and is 
aggravated by respiration. Percussion and compres- 
sion of the liver are painful. Occasionally a large 
abscess may be palpable as a localized mass be- 
neath the costal margin, or may cause fullness and 
tenderness of the intercostal spaces. When the 
abscess is located high in the right lobe, secondary 
involvement of the diaphragm and pleura may 
ensue, giving rise to cough, splinting of the chest, 
pleural effusion, and signs of atelectasis. On x-ray 
examination the diaphragm is elevated and fixed, 
the cardiophrenic angle is blunted, and occasionally 
a local bulge can be made out. If a gas-producing 
organism is present, it may be possible to demon- 
strate fluid lexxls within the abscess. Jaundice is 
not a prominent feature, except in multiple abscess 
associated with suppurative cholangitis or pyle- 
phlebitis, Usually its presence denotes a grave 
prognosis. 

In addition to the signs of hepatic abscess, there 
may be others related to ( 1 ) the underlying source 
of infection, such as acute appendicitis, (2) con- 
comitant metastatic suppurative foci in the lungs, 
spleen, kidney, or brain, or (3) any of the com- 
plications of hepatic abscess, including peritonitis, 
subphrcnic abscess, empyema, lung abscess, and 
bronchohepatic fistula. 

Usually the patient is acutely ill, but solitary 
abscesses may encapsulate and nm a more indolent 
course, charactetized by Imv-grade fever, sweats, 
wasting, and abdominal pain. 

Marked Icukocj'tosis and an increase in the per- 
centage of polymorphonuclear cells are the out- 
standing laboratory features. Liver function lest 
results may be nonn.nl, but in patients with faondicc 
the concentrations of serum bilirubin and alkaline 
phosphatase are increased. With prolonged infec- 
tion the serum albumin lei’cl falls and the globulin 
rises. 

Most pyogenic abscesses of the liver can be pre- 
vented by prompt use of antibiotics and appropri- 
ate surgical measures in the treatment of intraab- 
dominal infections. Once the abscess has dex'cl- 
oped, surgical drainage and intensive antibiotic 
therapy are indicated. Unfortunately, drainage is 
seldom successful when multiple abscesses are 
present. Ho\ve\’er, in those abscesses associated 
with siippurathe cholangitis, drainage of the extra- 
hepatic bOe ducts may be effective. 

Gumma 

Gummas, the necrotic masses of conglomerate 
granulomas seen in late syphilis, are rare at presenL 


In the liver they give rise to deep scars as they heal 
and, if multiple, may produce the type of deformity 
known as hepar lobaium. Solitary lesions seldom 
produce symptoms. However, hepar lohatum, while 
not a form of cirrhosis since the lobular pattern of 
the remaining parenchyma is normal, occasionally 
produces signs of po.-tal hypertension, ascites, and 
jaundice. Pain and low-grade fever are prominent 
in some cases. Usually the liver is palpable and 
cairsely nodular. Predominant involvement of the 
left lobe is said to be characteristic, but this is 
denied by many authorities. Liver function is little 
deranged, except terminally. 

Echinococcus Cyst 

Seep. 1234. 

Pol> cystic Disease 

As a result of a congenital developmental defect, 
isolated segments of the intrahepatic bile ducts 
may undergo cystic change within the trabeculae 
of the liver. The cj’sts vary in size and number and, 
if numerous, may cause great enlargement and 
honeycombing of the liver. In approximately half 
ihe cases there arc associated polycystic lesions in 
otlier organs, including the kidney, spleen, pan- 
creas, and lungs. 

As a rule, hepatic cysts give rise to no symptoms 
OccasionaJI)’, howescr, the Hr-er enlarges during 
middle age and, by exerting pressure on adjacent 
struclurcs. produces pain and gastrointestinal 
^roploms. Rarely, portal hj’pertension is a com- 
plication. 

FUNCTIONAL DISORDERS ACCOMPANIED 
BY JAUNDICE 

Gilbert’s Syndrome (C onsti tutional Hypcrbiliru- 
bincnTia, Crmsenital Ilyperbilinibrnemia, Familial 
Nonhemolytic Jaundice, Chronic Intermittent 
Juvenile Jaundice) 

This is a disorder of varied etiology character- 
ized by a mild fluctuating hyperbilirubinemia of 
the indirect-reacting type in the absence of overt 
hemolytic or hepatic disease. In most cases the dis- 
turbance in pigment metabolism is attributable to 
impairment of the uptake and/or transport of bili- 
rubin by the hepatic cells. Usually the etiology is 
unknown, but in some instances the defect appears 
to be the sequela of an antecedent attack of viral 
hepatitis or is due to underlying chronic biliary dis- 
ease Less commonly the hyperbilirubinemia is re- 
lated to (1) a hercditaiy deficiency of glucuronyl 
transferase activity in the liver, (2) a well-com- 
pensated hemolytic process with increased bilirubin 
production, or (3) nonhemolytic overproduction of 
bilirubin from sources other than circulating hemo- 
globin, as in the familial disorder described .by 
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Israels and his associates, and in some fonns of 
posthepatitic hj'perbiUrubinemia. To di^inguish 
between the various forms of Gilbert’s sj-ndrome 
requires an exhaustive investigation, including 
measurement of tlie red cell survival time, relicu- 
locjte count, fecal urobilinogen excretion, and the 
capacity of the liver to conjugate test compounds 
with giucuronide, examination of the bone mar> 
row; liver biopsy; and tests of liver function. 

In the idiopat/iic type, jaundice usually is first 
noted in adolescence or early adult life, although it 
may appear at any age. Thereafter it runs an inter- 
mittent course, often tending to regress with ad- 
vancing age. Charactenstically the jaundice is 
mild; the serum bilirubin level rarely exceeding 5 
mg per 100 ml In some individuals, the exacerba- 
tions are accompanied by lassitude and vague di- 
gestive complaints. However, not infrequently the 
jaundice is asymptomatic, and is discovered quite 
by accident during an unrelated illness or in the 
course of a routine physical examination Occa- 
sionally exacerbations can be related to overindul- 
gence in alcohol, inlercurrcnt infection, or exces- 
sive physical exertion. The liver and spleen are not 
enlarged, and on biopsy the liver usually shows no 
abnormalities. Except for impaired bilirubin toler- 
ance, tests of hepatic function yield nonnal results. 
Tlie capacity to conjugate N-acetyl-p-aminophenoI, 
menthol, and other compounds vvith giucuronide 
is normal. Fecnl urobilinogen excretion, the reticu- 
locyte count, and the life span of the red cell are 
nonnal. 

Hie clinical and laboratory features in cases vvith 
impaired uptake and/or transport of bilirubin fol- 
lowing viral hepatitis are similar to those described. 
Occasionally, however, there is splenomegaly, and 
the liver may show residuals of the antecedent 
infection on histologic e.xaminat!on. 

The hcredtlanj ttjpe associated with a deficiency 
of hepatic glucuronyl transferase activity prob-ibly 
represents a nonlethal variant of the Crlgler-Najpar 
sjndrome without kemicterus (see p. 152) Its 
distinguishing features include (1) a family history 
of jaundice, (2) onset In infancy, (3) levels of 
serum bilirubin that often exceed 5 mg per 100 ml, 
and (4) impairment of the capacity to conjugate 
compounds that are excreted as glucuronidcs 

In cases vvith chronic h)’pcrbilirubincmia associ- 
ated with a compensated hemoli/tlc process, the 
cr)lhroc}'tc and reticulocyte counts may be nor- 
m.i1, but the red cell survival time is reduced, fecal 
iirobdinogen excretion is increased, and often the 
bone marrow shows erylhroid hyperplasia. As a 
rule the degree of hemolysis is insufficient to ac- 
count for the hyperbilirubinemia, so that it must be 
assumed that such patients also havx? a defect in 
bilirubin uptake and/or transport or are producing 
an excess of bilinibin from sourers other than cir- 
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culating hemoglobin. In some cases the spleen is 
slightly enlarged. 

The distinguishing features of nonJiemohjtic 
occrprodiiction htjpcrhiUrtihinemia are (1) in- 
creased fecal urobilinogen, (2) a normal red cell 
life span, and (3) a normal reticulocyte count. In 
tlie familial type described by Israels and his asso- 
ciates the bone marrow shows erythroid hyper- 
plasia. Splenomegaly and minor histologic changes 
in live liver are common in cases of nonhemolytic 
overproduction hyperbilirubinemia attributable to 
antecedent viral hepatitis. 

Dubin-Johnson Sjaidrome (Chronic Idiopatliic 
Jaundice with Pigmentation of the Liver) 

As in Gilbert’s syndrome, this disease affects 
young individuals and is characterized by a clironic 
intermittent jaundice. However, in contrast, the 
increase In serum bilirubin is of the direct-reacting 
type, there ore other associated abnormalities of 
hepatic function, and histologically the liver shows 
a curious type of pigmentation which is pathog- 
nomonic. 

Usually the onset is insidious, but in approxi- 
mately a third of tlie eases it Is acute and simulates 
an attack of acute vital hepatitis. The chief com- 
plaints are jaundice, right upper quadrant pain, 
anorexia, nausea, vomiting, weakness, and fatiga- 
bility. Tlie liver may be enlarged and tender and, 
when inspected during surgical exploration, ap- 
pears dark brown or green-black in color. On 
histologic examination, a highly characteristic, 
coarsely brown pigment is found in the eentrolobu- 
lar parenchymal cells. The nature of this pigment 
is not known, but It does not appe.xr to be bili- 
rubin, hemosiderin, ceroid, or sny of the known 
lipochromes. In many respects its staining proper- 
ties resemble those of the fine granular pigment 
found in many nonnal livers, but in very mnch 
smaller amounts. Usually the liver shows no other 
abnormalities, although the portal triads may con- 
tain a small number of mononuclear cells. 

Tlie principal laboratory findings arc a slight to 
moderate increase in serum bilirubin and a mild 
degree of Dromsulphalein retention. Approximately 
half die bilirubin reacts directly and is made up of 
a mixture of pigments I and II. The capacity of 
the liver to conjugate bilirubin and other aglycones 
vvith giucuronide is unimpaired, but its capacitv’ 
to clear the serum of injected bilirubin is reduced. 
Often at the height of the jaundice the unne con- 
tains bile and an increased amount of urobilinogen 
Occasionally, ccphalin-cholesterol flocculation and 
thjxnol turbidity are abnormal, but usually tlie 
Icvxils of serum protein, cholesterol, and alkaline 
pliospliatase remain within normal limits. On chole- 
cysto^phy the gallbladder usually fails to fill vnlh 
dye. 
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In the cases fcported thus far, there has been 
no evidence of progressive hepatic damage, al- 
tliough the disease has shown no tendency to abate 
o\'cr a period of years. 

The jaundice appe.ars to be due to a defect in 
tlic transport mechanism of the hepatic cells, result* 
ing in impaired excretion not only of bilirubin, but 
also of BromstilphaJein, cliolecj-stogram dye, and 
possibly die pigment that accumulates in lire pa- 
renchymal cells. 

Although the disorder is familial in some in- 
stances, sporadic cases are more common. Tim sug- 
gestion that the disease is hereditary' in nature has 
not been established. The possibility that it may 
be acquired, in some instances at least, following 
an attack of acute viral hepatitis has not been ex- 
cluded. 

It is difficult, if not impossible, to difFcrenliate 
this condition from the v'artous forms of chronic 
hepatitis and low-grade extrahepatic biliary' ob- 
struction on clinical grounds alone, so that liver 
biopsy is essential for diagnosis. 

Rotor and Related Syrndromes 

Tim Rotor syndrome is a rare familial form of 
chronic Jaundice accompanied by increased levels 
of conjugated bilirubin in the scrum in whiclv 
neither biliary nor hepatocellular lesions can be 
demonstrated. It closely resembles the Dubin- 
Johnson syrndrome, ctcept for the absence of pig- 
ment in the parenchymal cells, and shows the same 
defects in pigment metabolism. Whether or not the 
disorder is hereditary is not known. Of interest Is 
the fact that in two reported families with die 
Dubin-Johnson syndrome Some affected memlwrs 
exhibiietl no abnonnal pigment in their Ihcrs. TJiis 
suggests the possibility that the Rotor syndrome 
may be a variant of the Dubin-Jobnson syndrome. 

Similar nonfamilial cases of unknown etiology 
have been reported. 

Criglcr-Naj/ar Syndrome (familial Nonhemolytic 
Jaundice in the Newborn) 

Seep. 152. 


HEPATOMLIARY DISEASE 

Exlrabepatic Biliary Obstruction 
Any obstruction to the outflow of bile from the 
ampuUa of Vater to the bifurcation of the common 
hepatic duct in the hilum of the liver will result in 
jaundice. Since the excretory capacity of the Uver 
for bilirubin greatly exceeds the normal demands 
made upon it, uncomplicated occlusion of the right 
or left hepatic duct alone docs not produce jaun- 
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dice. Hie pathogenesis of the jaundice and the 
nature of the associated hepatic lesions hav'e been 
described elsewhere (p. 149). 

The most frequent causes of obstruction include 
stone, stricture, congenital atresia, carcinoma of die 
bile duct, and carcinoma of the head of the pan- 
creas, Extrinsic pressure by malignant, cystic, or 
inflammatory masses, enlarged hepatic liilar lymph 
nodes, or inflammatory reactions in the pancreas 
may constrict the duct, but this occurs less fre- 
quendy than is generally believed. Even in the case 
of carcinoma of the head of the pancreas, invasion 
of the duct wall appears to be a more important 
factor than extrinsic pressure. Choledochal cyst and 
invasion of the biliary tree by Ascoris hmihricoidct 
are rare causes of obstructive jaundice. 

The obstruction is rarely complete, except in the 
case of congenital atresia and malignancy, and even 
in the latter It may be incomplete for some time 
and may fluctuate in degree, os a result of inflam- 
malor)' swelling and necrosis of the tumor. 

Usually the on ret of obstructive jaundice is grad- 
ual, but it may be sudden when the common duct 
Is occluded by stone or when a partial obstruction 
is complicated by an acute cholangitis. Neverthe- 
less, the jaundice rarely deepens with the rapidity 
seen in acute viral hepatitis, since the interruption 
of bile flow is seldom so sudden or complete. The 
depth of jaundice ultimately attained depends on 
the degr^ and duration of the obstruction and, to 
some extent, on the presence or absence of com- 
plicating cholangitis and hepatocellular injury. The 
most intense forms of jaundice are seen in malig- 
nant obstruction and not infrequently are associ- 
ated with a greemsh b’nt to the skin and sclerae 
due to the presence of bihverdin. The course of the 
jaundice is variable, depending on the nature of the 
obstruction. However, it seldom follows the regular 
paltcm seen in acute viral hepatitis (p. 1673). 

rmritus is 0 common feature but is not pathog- 
nomonic of obstructive jaundice, occurring as a 
transient phenomenon in viral hepatitis and as a 
more penislent sj’mptom in primary hepatic biliary 
cinhosis. Usually tiie tirinc darkens, because of the 
presence of bilirubin, and if the obstruction is rea- 
sonably complete Uie stools become clatj-cohred. 

If the obstnjction is sustained, the Uver enlarges, 
and may be tender. Often in carcinomatous ob- 
struction of the common duct the gallbladder is 
distended and palpable. This is unusual when stone 
or stricture is present, since the gallbladder is apt 
to be Contracted ns a result of chronic inflamma- 
Uon and scarring (Courvoisiers law). Occasionally 
the gallbladder is palpable because it contains nu- 
merous large stones, is distended by an impacted 
stone In the cystic duct (hydrops), or is the site of 
carcinomatous infiltration. Splenomegaly is un- 
usual, except when die obstruction is due to card- 
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noma of ihc pancreas or is associated with cartcn- 
shc Intralippallc mctastascs. 

refer, particularly If accompanied by recurrent 
chiUs, usually in<licatcs the presence of a compli- 
cating ascending cholangitis, ^o^^c\cr, it may be 
related to an underlying malignancy. 

Pain is an inconstant feature in obstructive Jaun- 
dice and may be due to ibe presence of stone, acute 
cholangitis, carcinoma, or other complicating dis- 
ease. The occ-urrence of typical biliary colic almost 
always points to a common duct stone. However, 
not infrequently stones produce obstruction with- 
out inducing pain. In acute cholangitis, which m-ay 
accompany either a common duel stone or a stric- 
ture, die pain tends to be more constant and is 
located either in die epigastrium or over the Iher 
itself. As a rule, the onset of carcinoinaVous ob- 
struedve jaundice is painless, but frequendy as the 
rliscase progresses and the underlying tumor in- 
vades adjacent structures, pain is produced. 

Other clinical and diagnostic features related to 
the specific diseases that gue rise to obstructive 
jaundice are described in the chapter that follows. 

The principal laboratortj features include hyper- 
bilirubinemia with a high proportion of the direct- 
reacting Iraedon, bilirubinuria, and significant ele- 
vation of the serum alkaline phosphatase and 
cholesterol levels, Usually the transaminase level 
rises, but seldom evcccds 200 to 300 units Fecal 
urobilinogen is decreased, and if the obstruction is 
complete, ns in carcinoma, the daily excretion is 
less than 5 mg. Usually urine urobibnogen is 
decreased or absent, but if cholangitis is present. 
It may be increased, owing to the production 
and renbsorption of urobilinogen m the biliary 
tract. Cephalin-diolesterol ilocculation and thymol 
turbidity are normal early in uncomplicated biliary' 
obstruction, but often they are abnormal, and 
may be accompanied by hypoalbuminemla and 
hypcrglobwlincmva. wlwn acute cKolawglUs is pres- 
ent or when the obstruction is prolonged. These 
changes relate both to infection and to licpalocel- 
lul.ir injury. The prothrombin concentration lends 
to fall, It will usually rise following the partufctal 
administration of vitamin K. 

Acute diolangitis, biliary cirrhosis, and hc^Uc 
abscess arc the chief complications of biliary ob- 
struction. 

Once the diagnosis of c.straliepaUc biliary ob- 
struction is firmly established, the treatment of 
choice is surgical relief of the obstruction and anti- 
biotic tlicnipy for .any occompanving mflammatory 
process A brief period of vsalthful waiting Is war- 
ranted in the c.ase of common duct stone, since tlie 
Litter may pass spontaneously, and in the case of 
certain infiammitory obstructive lesions, such as 
pancreatitis, which may subside spontaneously or 
following appropriate chemotherapy. Conservative 


therapy is indicated also in patients with common 
duct stricture who have been subjected to repeated 
plastic procedures and who are not likely to benefit 
from further attempts at repair. Not infrequently 
the obstructive symptoms in such cases are due to a 
supentnposed cliolangitis which may respond to 
antibiotics. 

Cliolangitis 

Acute cholangitis of bacteria! origin is almost 
always a complication of (1) bile stasis due to 
cxtrahepatic biliary obstruction by stone, stricture, 
or carcinoma, (2) spread of infection from adja- 
cent structures, such as the gallbladder and pan- 
creas, (3) enteric infections such as tj'plioid and 
para^'phoid fever, or (4) parasitic inv-asion of the 
bile ducts vvalh Ascnris iiimbncoides, liver flukes 
(Clonorchis sinensis and Fasciola hepatica), or 
Giardia lambha. Common duct stone is by far the 
most frequent cause of acute cholangitis, while 
enteric infections and parasitic infestations are of 
little ctiologic importance in this part of the world 
Tlie relationship between cholangitis and panefe- 
atilis is a curious one, since each may be a comph- 
cation of the other. As a result, ft may be diHicuIt 
in any given case to determine which is the pri- 
mary disorder. 

Escherichia coli and enterococci arc the organ- 
isms most frequently recovered from infected bde 
ducts, but a wide variety of other bacteria are 
capable of inducing acute diolangitis. Most infec- 
tions .appear to be of the ascending tj-pe, organisms 
g.'uning entrance to the common duet in the duode- 
num. However, hematogenous infections are known 
to occur and are of special importance in baclerc- 
mic diseases like t)-plioid and paraty-phoid fever. 

It is doubtful that acute cholangitis occurs as n 
primaiy disease of tlie bile ducts. In the curious 
s^drome known as cholangitis lenta, it is alleged 
that live ptotcacted Streptococcus ciridaws bactere- 
mia, wlijcli charactenzes the disease, is the result 
of a primary infection of a previously normal biliary 
tract However, in most cases that have been ln- 
vcsUgalcd thoroughly, an underlying biliary stone 
or tumor has been found. 

Often evtrahcpatic biliary obstruction is accom- 
panied by an inflamm.-itory reaction witliin the 
walls of the ducts and their supporting stroma fn 
tlie liver, even when there is no accompan)ing 
infection (p. 1701). Similar, but less acute reac- 
tions. are seen in ebronic diolecystifis and a wide 
variety of nonbactcria! hepatocellular diseases 
Often tlicsc are classified on an anatomic basis .ss 
forms of cholangitis. However, tlie term, as used 
clinically, implies a baclenal infection of the bile 
ducts, often accompanied by a purulent exudate. 

Chills, fever, and jaundice arc the outstanding 
diaical features in acute cholangitis. Jaundice is 
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not a constant finding, although an increase in 
scrum bilirubin can almost always be demon- 
strated. When present it may be due to (1) an 
underlying calculous or malignant biliary obstruc- 
tion, (2) increase of a previously as 3 ’mptomatic 
partial occlusion by inflammatory edema, or (3) 
hepatocellular injury as a result of the infection 
spreading to the parcnchjTna. Often the liver en- 
larges and is painful, but biliar)' colic »s unusual, 
except in those with an underlying common duct 
stone. Anore-tia, nausea, and %’omiting are frequent 
complaints, 

If the cholangitis is secondary to an unrelieved 
partial biliary obstruction, and especially a com- 
mon duct stone, chills and fever may recur at inter- 
vals of a few days to a few montlis, a syndrome 
known as Charcot's intermittent biliary' fever. 

Bacteremia, liver abscess, and p)’lcphlcbitis arc 
the m-ijor complications. Barely chronic infection 
leads to contracture and occlusion of the extra- 
hepatic bile ducts. 

Lahoratonj studies usually reveal marked leuko- 
cytosis, hj-perbilirubineinia, bitirubinuria, and a 
high serum alkaline phosphatase level. Often the 
latter is present even in the absence of jaundice, 
and this may bo of considerable diagnostic value. 
Not infrequently there is a modest increase in 
serum transaminase, as in c’clrahepatic biliary ob- 
struction. 

Treatment depends on the underlying etiology 
but in general consists of surgical relief of biliary 
obstruction and tlic administration of antibiotics. 

VASCULAB DISEASE OF TIIE LIVER 
Chronic Passive Congestion 

Seep. 1694. 

Occlusion of the Hepatic Veins 
(Budd-Chiari Syndrome) 

The hepatic veins may be occluded by Utrombus 
or tumor arising either locally or by extension from 
the inferior vena cava. Barely a congenital or ac- 
quired stricture is responsible. 

Hepatic vein thrombosis may be the result of 

(1) hepatic cirrhosis, suppuration, or mnligiyncy, 

(2) congenitaijstricture, 'polycythemia,. (4) 

crushing injur y to th e abdomen, (5) local or gen- 
eralized phleb^s, (6) .lyhh senecio, 

a we^’Iound in South’^frica, or (7) thrombosis 
of the inferior vena cava secondary to intraabdomi- 
nal suppuration, malignancy, or trauma. Occlusion 
of the hepatic veins by tumor usually follows car- 
cinomatous invasion of the vessels, either directly 
from the liver, or indirectly by way of the inferior 
vena cava from the kidney. 

The changes produced in the liver are those of 


CHAP. 2S0 1703 

severe congestion or cardiac cirrhosis (p. 1694), 
depending on the duration of the disease. 

Tlie clinical course is variable, depending on the 
extent of the occlusion, the rapidity mth which it 
develops, and the nature of the underlying eti- 
ology. Occasionally the onset is abrupt, with ab- 
dominal pain, vomiting, progressive enlargement 
and tenderness of the liver, and rapid accumula- 
tion of ascites. Jaundice is an inconstant finding 
and when present is mild. Patients with an acute 
and complete occlusion may go on to shock and die 
within a few days. Others may surv'iv'e for months 
or even years. In the more chronic form of the dis- 
ease, ascites, hepatomegaly, and signs of portal 
h)’pcrlen$ion predominate. Ultimately the patient 
dies of hepatocellular failure, mesenteric thrombo- 
sis, hemorrhage from esophageal varices, or as a 
result of the underlying disease responsible for the 
thrombosis. Signs of inferior vena eaval obstruc- 
tion may antedate or accompany those pointing to 
occlusion of the hepatic veins. 

Occasionally hepatic vein thrombosis is discov- 
ered as an incidental finding at autopsy in indi- 
viduals who allegedly have bad no sjTnptoms. Pre- 
sumably incomplete occlusion, recanaliration of the 
thrombus, and the development of a collateral clr- 
cubtion account for the absence of symptoms in 
such cases. 

The lahoratonj findings are very much like those 
in chronic passive congestion and cardiac cirrhosis 

Occlusion of the Portal Vein 

Most occlusions of the portal vein are the result 
of thrombosis, but a few are of congenital origin, 
due cither to anomalous development of the vein 
or to neonatal extension of the obliterative fibrotic 
process in the ductus venosus and umbilical vein 
to the portal vein. Occasionally, the portal vein is 
replaced by a mass of thin-walled vessels, a condi- 
tion known as cflcernomatous transformation. When 
it occurs in young individuals it usually is regarded 
os a congerutal anomaly resulting from failure of 
the portal vein to canalize normally. However, 
since recanahzation of an obstructed portal vein 
and the derxilopment of centripetal collateral ves- 
sels produces a similar picture, cavemomatous 
transformation of the portal vein may represent an 
acquired anomaly even in children. 

Usually acute thrombosis is a complication of 
suppurative pylepWebitis or of surgical manipula- 
tion of the portal vein during splenectomy or 
portacaval anastomosis. Less commonly, it occurs 
during the course of a prolonged febrile illness such 
as typhoid fever, or following abdominal trauma. 
Chronic thrombosis, which is more common, is seen 
in approximately 10 per cent of cirrhotic patients 
and may be a complication of polycythemia vera 
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Agent 

Totic 

Type of injury 

[ Drug bs-persensitivity 

Hepatocellular 

Cbolestatic 

Industrial and plant poisons: 




Carbon tetrachloride 

+ 



Chlorinated naphthalenes and di|iheu>{s 

+ 



Dimeth} loitrosnmine 

+ 



Mushroom poisoning (Aiaonitn phoUoirlu) 

+ 



Phosphorus.. 1 

+ 



SenccJo (ragwort poison) 

+ 



Tetraehlorcthana . 

+ 



TnnitrotoUiene . . 1 

+ 



Anesthetic agents. 




Chloroform. . I 

+ 



Drnnil cthtT. . . 1 

P 



Oher (dicth)Icthcr) . . 

± 



Tnbromcthanol . . i 

P 



Antiarthritie agents 




Cinchopben and rehtted derivatives , 




Desaeetj Imethj leolehicine (Colecmidc) 



+ 

Gold eornpoumii 



+ 

I’hcnylbutaznno (Dutazolidin) 




Probroecld (lleuemid) .... 1 


+ 


Antibiotics: 




Cblofnmphenico! (Chloromyeetin) 


+ (7) 


Chiortetracjcline (.Aut«m>eiti) 


+ (?) 


Novobiocin • 

+ (t) 



Oxytctracyclme {Tcrramidn) 

+ {?) 



Penicillin 




Streptomycifl. 


+ (?) 


Anticonvulsants and scdAtitec 




Soibum diphenjlbjdAntoinatc (Dilantin) 




I’licnolfifbital . 




Phcnjlacetilurc.a (Plicnurone) 




TrimclhafJiono (Tridionc) 


+ 


Chcmotberapeutic agents used In infection: 




Antimony comiwinds (jientavaknl) . 

1 V 



Ar«enieals Cmorganic) . 

+ 



Arsenicals (organic) 

+ 


+ 

tjuinaerinc (Atabrine) 




Isoniazid (isonieotinic acid iiydrazide). 




I’arn-aminoN'ihejlie acid 




Pjrazinamidc (Aldinamiiie) 




Sullmmidine and related stills'iica 




Sulfonamides 

+ 



f'bemothrrapculic agents ii«cd in malignsnt disease: 




AminopteroilglutamMe eoiliiim (Amiriopter'iD) 

1 + (?) 



Chlorambucil (U ukmn) 


+ 


G•.^fcrc.ap(opurillc 

' + 

+ (?) 

+ (-) 

Nitrogen mustan! 

P 



Urethane., 

+ 



Hormonal and metabolic agents: 




Curbiitamidc {UZ-55) . ...... 




CUorprepainidc (Duil'cnepe) ... 




Dinitrophenol . . . . 

± 


+ 

Metiklicxainiilc (EuRl>rin) . 


+ 
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Agent 

1 Typo of injury 

1 

Tone 

. _ - . 

1 Drug hypersensitmty 

Hepatocellular 

Cholestatic 









Nicotinic acid 



-1- 

Norethandrolone (Nilevar) 



+ (?) 

Tranciuilizcrs and psycldc energizers: 















+ 

/3-Plienylisopropylhydfazine (Catron) 


+ 1 

Promazine (Sparine) 


+ (7) 

+ (?) 

Miscctlancoua: 




Apiol 




Chlorthiazide (Diuril) 

1 


+ «) 

Phenindione (Hedulin) ... 


+ 

+ 

Tannic acid 

+ 




+, fraat hepatitis; ±, minor hepatic injiiry; P, potential hazard, produces injury in animals, but not as mU 
TepoTted b man; 1, hepatitis reported, but etiology and pathogenesis uncertain. 


or q£ carcinomatous invasion of the vein from any 
of the structures that it drains. 

The principal cUnical manifestations relate to the 
development of portal hypertension and congestion. 
In addition there may be signs pointing to the 
underlying disease responsible for the thrombosis. 
The liver is not affected by the thrombosis per se 
but may be mvolved as a result of other concomi- 
tant factors. 

In acute thrombosis the early signs include ab- 
dominal pain, ileus, vomiting, and diarrhea. Later, 
there may be ascites and splenomegaly, and if the 
thrombosis spreads to the tributaries of the portal 
vein, gastrointestinal infarction may ensue, result- 
ing in hematemesis, melena, and peritonitis. 

The signs of chronic thrombosis are those of 
portal hj'pertension, which have been discussed 
elsewhere (p. 153). Often the occurrence of 
thrombosis is or’erloolced, particularly in patients 
with an underlying cirrhosis. The possibility of this 
complication should be considered wheneA’er sud- 
den ascites or hematemesis occurs in a previously 
well-compensated case of cirrhosis. 

Acute rjlcphlebitis. Acute bacterial bfecllons 
of the portal vein are always secondary to sup- 
purative foci in tissues drained by its tributaries, 
or to suppuration in contiguous structures. As pre- 
viously noted (p. 1698), acute appendicitis and 
biliary tract infections are the most common causes. 

Tlie portal vein and its intrahepatie radicles 
show an acute inflammatory reaction and not in- 


frequently cootaitr pus or thrombi. Hepatic abscess, 
peritonitis, and septicemia are common complica- 
tions. 

The clinical features resemble those of pyogenic 
hepatic abscess and include chills, fever, nausea 
and vomiting, abdominal pain, and enlargement 
and tenderness of the liver. Jaundice is an incon- 
stant finding and, if present, is usually mild. Signs 
of hepatic abscess or acute portal vefn thrombosis 
may complicate the picture. 

Recovery' may follow antibiotic therapy and sur- 
gical drainage of septic foci, but the mortality rate 
is still high in the suppurative type of pylephlebitis. 
Portal thrombosis and hypertension may bo im- 
portant sequelae. 

CurvciUiicr-Baumgarten Symdromc 

The outstanding feature in this condition is a 
periumbilical or epigastric venous brviit, often ac- 
companied by' a thrill, and usually associated w/di 
dilatation of the abdominal veins, especially around 
the umbilicus, where they form a rosette of vessels 
known as a caput medusae. 

Originally it was believed that the syndrome was 
always due to a congenital anomaly cliaracterized 
by patency' of the umbilical vein, hypoplasia of 
the portal vein, and secondary' atrophy of the liver. 
However, it is now knowm that the dilated vessels 
and bruit usually' arc due to a greatly increased 
venous collateral cirailation reaching the abdomi- 
nal wall by way of the falciform ligament as a 
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result of an acquired portal hypertension. Both the 
umbilical and paraumbilical %ems may paitidpate 
in this process. The sjTidrome occurs most fre- 
quentl)' in cirrhosis but may be seen in any other 
form of portal hypertension. 

To distinguish belss’ccn the congenital ^pe due 
to failure of the umbilical vein to close, and the 
acquired t)pe related to portal hypertension, it is 
customary to designate the former as Cruveahicr- 
Baumgarten disease and the latter as the Cnneil- 
hier-Baumgarten sijndromc. However, some author- 
ities believe that the condition is always tlie result 
of portal hypertension and that patency of the 
umbilical vein in the congenital tjpe is the result 
rather than the cause of the associated hypoplasia 
of the portal vein. 
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Sj-mplomalology. The outstanding symptoms of 
disorders affecting the extraliepatic biliary sj-steni 
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are pain and jaundice. Very common but less spe- 
cific sj-mptoms arc fe\cr, chills, and a variety of 
digestive disturbances. 

Pain. As is true of digestive viscera in general, 
the major cause of pain in the biliary tract is an 
abrupt increase in intramural tension. Thus any 
process which suddenly lenses the wall of the gall- 
bladder or bile ducts — whcllier spasm or obstruc- 
tion by stone — may precipitate biliary tract pain, 
usually known as hiharfj colic. To the patient bil- 
iar)’ colic is severe and disabling, a grinding pain 
that builds up rapidly, persists maxim.'jlly for JO 
to 40 min, tapers oil gradiwlly over hours, and 
then terminates in a residual soreness lasting a day 
or more. Altliough produced by smooth muscle and 
given the name colic, biliary colic is a relatively 
steady pain wilboiit the extreme fluctuations char- 
acteristic of colic arising in the intestine. Biliary 
colic originating in the hepatic or common duct is 
located high in the midepigastrium initially but 
spreads, as the attack de^‘clops, to the right and 
straight through the body to an area bounded by 
the vertebral column and the inferior angle of the 
right scapula. If the gallbladder or c>st(c duct is 
the source of trouble, colic is felt predominantly in 
the right epigastrium and tends to radiate along 
the costal margin to the right scapula. Varianb, 
hcr\ve\’er, do occur, and in one out of ten cases, 
pain extends princip.illy to the left upper or right 
imver abdominal quadrant. Biliary colic is not in- 
tensified by moving about— in fact, the patient is 
often restless— but lifting the right arm or taking 
a deep breath may hurt, presumably because of 
reflex spasm of upper abdominal and lower inter- 
costal muscles. 

Cradual stenosis of the biliary passages, as op- 
posed to sudden obstruction, is relatively painless. 
Under such conditions an increase in intramural 
tension apparently is presented by progressive 
atony of the biliary tract and diminished hepatic 
secretion. 

Biliary tract pain can also be caused by inflam- 
mation. Slower in onset and duller in character, 
this pain is also more persistent than biliary colic. 
Because the inflammatory process usually irritates 
nearby parietal peritoneum, pain of this type often 
becomes quite sharply localized in the right hypo- 
chondrium, but patients with a markedly distended 
gallbladder or inflammatory mass projecting dosvn 
to the level of the umbilicus place the rnaxunum 
distress correspondingly lower. 

Jaumlice. Obstruction of the hepatic or common 
bile ducts leads to jaundice svith regurgitation of 
conjugated bilirubin and bile salts into the blood. 
The rate at which jaundice appears and ib degree 
depend upon the nature of the obstruction and the 
function of the gallbladder. In gradual olwtruction 
of the common duct, as by neoplasm for example. 
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bfljaiy congestion fs initially cushioned by the stor- 
ing and concentrating functions of the gallbladder, 
wUch becomes greatly enlarged and filled with a 
riiiclc and viscid concentrate of bile. Jaundice usu- 
ally does not become noticeable until considerable 
dilatation of both the e.\tra- and inlrahepatie 
biliary' tract has taken place. In spite of the dilated 
bile cliannels within the liver, however, rnarked 
hectic enlargement rarely occurs on the basis of 
bile stasis alone, at first because of the safety valve 
function of the gallbladder, and later because 
hepatic secretion is increasingly inhibited in the 
face of progressive biliary stasis. M’ith prolonged 
biliary obstruction, indeed, resorption of pigment 
from the stagnant bUc takes place and may leave 
a clear and mucoid residue in the common duct. 

The situation is vastly different when the gall- 
bladder is nonfunclioning or absent. Under these 
conditions, an acute obstruction of the common 
duct, as by stone, can produce slight icterus and 
choluria within hours, and prolonged obstruction 
may lead to considerable enlargement of tlie hv’er, 
particularly if biliar)’ stasis is complicated by 
chronic iruection. Enlargement of the gallbladder 
is, on the contrary, unlikely since the nonfunction- 
ing gallbaldder usually has lost its elasticity and 
cannot take up bile. 

Complete occlusion of the cystic duet has little 
effect on a gallbladder permanently scaned by 
fibrosis, but if llic viscus is elasbe, it enlarges pro- 
gressively to form a huge cysllike mass; hydrops 
of the gallbladder. Tlie contents of a hydropic^ g^l- 
bladder gradually become colorless, and occa- 
sionally calcium salts precipitate to form a turbid 
fluid Imovvn as miffe of cofcium bile. 

Fever and Chills. These s)Tnptoms result from a 
combination of two factors: biliary stasis and some 
mechanism permitting infection of the biliary pas- 
sages. Either condition alone is not enough. For 
example, patients with free regurgitation of chj’me 
into the biliary radicles of the liver because of 
suigical anastomosis of hepatic duct to duodenum 
do not have fever or chills if the stoma is widely 
patent. Biliary’ stasis without infection, as is charac- 
teristic of cancer in the head of the pancreas, is 
likewise insufficient to cause fever and chills. MTen 
btliacy stasis occurs as a compheatfon of gallstones, 
however, or when ulcerating cancers in the area 
of the ampulla of Vater allow bacteria to enter the 
common duct, cholangitis develops, and the patient 
is shaken by intermittent agues (Charcot’s inter- 
mittent hepatic fever). The chills probably repre- 
sent bouts of transient bacteremia. 

Disorders of the Castrointcslinal Tract. Common 
manifestations of biliary tract disease include 
nausea, vomiting, belching, epigastric bloating, 
flatulence, and constipation. With severe biliary 
pain or inflammation, intestinal distention and 
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obstipation may be suffidcntly marked to munic 
obstruction of the gut. Diarrhea is rare but may 
occur if an inflammatory cholecystic mass irritates 
the contiguous colon. 

If an obstruction of the biliary channels pro'ents 
bile from entering the intestine, the digestion and 
absorption of fats is impaired, and 10 to 40 per cent 
of the fat intake may be lost in the feces. Fat- 
soluble vitamins are similarly lost, but the adult 
patient with biliary obstruction tolerates the loss 
of vitamins A, D, and E without serious conse- 
quences. Decreased absorption of \ltamin K, how- 
ever, may rapidly induce liypoprotbromhinemi.a. 

Imjiaircd function of tlie gallbladder, unlike ob- 
struction of the common duct, docs not affect in- 
testinal digestion or absorption, and symptoms such 
as belching, bloating, and regurgitation are caused, 
not by indigestion, but by rcilex disorders of gastro- 
intestinal motility Thus the epigastric “lump” which 
distresses some patients after a fatly meal is not 
fat intolerance in lire sense of impaired digestion 
of fat, it is fat intolerance characterized by abnor- 
mal gastroduodenal motor mechanisms. Since there 
arc many e-xtrabilmry causes for denanged gastro- 
duodenal motility, the symptoms of "indigestion” 
are not specific for g.allbladdcr disease. A p.alicnt 
with postcibal epigastric distress may have gall- 
bladder disease or, more likely, a functional dis- 
order unrelated to the biliary tract. 

Dleedlng. Tlie question u often asked whether 
Of not gallstones and thetr complications can cause 
bleeding Into the gastrointestind tract. A few case 
reports etist of biliary tract bleeding caused by 
stones eroding Into the hepatic artery or a minor 
vessel, but as a general rule gallstones, if not com- 
plicated by hypoprothrombincmia, do not cause 
clinically significant blood loss. 

Diliari/ Tract Iladiology 

Radiopaque gallstones may be observed by plain 
films of the riglit upper abdomen To opacify vari- 
ous portions of the biliary s)stem, iodmated organic 
compounds escrcted by the liver are used. In 
routine cholec)stography the compound is given 
by mouth Some 12 hr later, the gallbladder con- 
tains sufficient dye to render it radiopaque, pro- 
vided that (1) gastrointestinal motility and absorp- 
tion are normal, (2) hepatic function is normal, (3) 
the bili.iry channels are free of obstruction, and 
(•1) the g.allbladdcr takes up. concentrates, and 
stores bile. A gallbladder well filled vvitli radiopaque 
d)e indicates a norm.il viscus. If racbolucent stones 
are present, Uiey are silhouetted ag.iinst the contrast 
medium, but small stones may nt times be obscured 
by the vety density of tlie dye. This error may be 
avoided to a great estent by taking pictures with 
the patiemt standing, or by taking successive pc- 
lures after evaai.ition of the g.allbl.idder has been 
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stimulated by a fatty meal (Fig. 281-1). As better 
preparab'ons of cholecystokinin become available, 
this humoral agent is also being used to promote 
emptying of the gallbkadder. 

Failure to visualize the gallbkadder suggests an 
abnormal viscus provided the first three of the four 
conditions listed above are fulfilled. At times, ev'cn 
a normal gallbladder may fail to take up, concen- 
trate, or stoic the dye. Tliis, however, happens only 
sporadically; if the gallbladder hails to fill in eacli 
of two attempts at cholecystography, the hkelihooil 
of gallstones is 90 per cent, Poor concentration of 
the dye, or increased or decreased rate of gall- 
bladder evacuation in response to a fatty meal lias 
little diagnostic significance. Because of the entcro- 
hepatic circulation, indeed, a gallbladder may con- 
tain dye for many days following cholecystography. 

The dyes used for oral cholecystography are not 
sufficiently radiopaque to outline the biliary pas- 
sages before concentration by the gallbladder. The 
development of compounds which contain over 60 
per cent by weight of iodine and which are ex- 
creted by the liver (and in part by the kidney) 
within 5 to 50 min of their intravenous fn(ccfion 
lias permitted moderately satishactery visualization 
of the larger biliary channels independent of gall- 
bladder function Intravenous cholangiography fs 
thus used to study pab'ents whoso gallbladders 
have been removed or are nonfunctioning because 
of disease. A rodiolucent stone in the common 
duct may at times be outlined by this procedure; 
more often the partial obstruction produced by 
various choledochal lesions causes widening of 
the common duct (usual diameter less than 10 mm; 
diameter over 15 mm definitely abnormal, but 
magnification by x-ray technique must be taken 
into account) and imparts a blunted, dilated, and 
tortuous appearance to tlie intrahepatlc radicles. 
Like oral cliolecjstography, intravenous cholangiog- 
raphy is unsuccessful ia the face of hepatic disease 
or advanced biliary obstruction. Failure to produce 
visualization vvith either procedure therefore has 
no diagnostic significance in a patient with an 
increased serum level of conjugated bibrubin. On 
the other hand, visualization of cither the gall- 
bladder or the bile ducts is at times possible in 
patients with bilimbinemia up to 5 mg per 100 ml, 
espeaally if jaundice is subsiding. 

Direct cholangiography consists of injecting an 
iodmated water- or od-soluble medium into the 
common duct, either at the time of surgery or sub- 
sequently while a T tube is maintained in the 
common duct- In intact patients, radiopaque sub- 
stances may be injected into the biliary passages, 
especially the gallbladder, by means of a needle 
percutaneously inserted and guided, once in the 
abdomen, under pcnloncoscopic control. A more 
hazardous procedure is puncture of the liver with 
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Fic. 281-1. Results of cholecystograpliy. (Upper left) Normal gallbladder. The concentrated radiopaque dye 
outlines the gallbladder and cystic, hepatic, and common ducts. The dye appears in the ducts because this pic- 
ture -was taVen after gallbladder evacuation had Wen stunulated by a fatty meal. (Upper right) Cholelithiasis. 
Nonopaque stones of varying sizes are shown as negative shadows within a gallbladder outlined by concentrated 
dye. (Lower left) Cholelithiasis. Numerous small stones are grouped in a layer near tlie bottom of the gallbladder. 
This picture was taken with tlie patient standing. SnuU stones such as these are dispersed when the patient is 
in a horizontal position and may be diSicuIt to see. (Loicer fight) Cholelithiasis. Multiple radiopaque stones 
in a gallbladder with impaired concentrating ability. 
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a percutaneously inserted needle that is advanced 
until bile is aspirated; at this point, tlie radiopaque 
dye is injected. These last two techniques obviously 
entail risks and are indicated only in jaundiced 
patients presenting difficult problems in differential 
diagnosis and not considered candidates for explora- 
tory laparotomy. 

Bilianj Tract 3/anonjefri/ 

In many European and Latin American covmtrics, 
biljaiy tract dynamics ore studied at laparotomy 
by measuring basal intraluminal pressure, the resist- 
ance to perfused fluid, and the response to drugs 
such as morphine and nitrites. The purpose is to 
delect abnormal motor function of the gallbladder 
and bile ducts or increased or decreased resistance 
of the sphincter of Oddi. Such tests have found 
bttle favor elsewhere, partly because bihary pres- 
sure readings taken during laparotomy are probably 
not representative of pressures existing under usual 
conditions, and partly because surgical attacks 
(e B., section of autonomic nen’es, spbmctcrolomy) 
undertaken to correct real or fancied abnoimalities 
do not appear to yield substantial benefit. 

GALLSTONES 

At the age of thirty a fesv women and a rare 
man have gallstones; by the time they die, 25 per 
cent of women and 10 per cent of men are so 
alHicted VVhy or how these stones form is stiff 
uuknosMi Cholesterol and pigments in the bile arc 
normally kept in solution by the action of bile 
salts, phospholipids, and perhaps Iipoprotem ag- 
regates When this pIi)sicochcmical equilibrium is 
disrupted by changes in hepatic bile, by deranged 
fimclion of the gallbladder mucosa, or by infection 
of the bile itself, cholesterol, bile pigment, and 
sometimes calcium may precipitate. Thus, as in 
the case of pigment (bUimbin) stones found in 
patients with chronic hemolytic anemia, the high 
concentration of bilirubin in the bile is said to 
cause precipitation of pigment. Similarly, a postu- 
lated but unproved abnormality in the biliary 
excretion of lipids may explain svhy cholesterol 
stones arc alleged to be more common in multip- 
arous women, in diabetic patients, and in the obese. 

A patient may have one gallstone, or she may 
have over 200. Multiple stones are usualfy small 
and faceted; sometimes tliey occur in groups of 
seseral sizes as if produced in successive crops. 
L.irgcr stones, commonly one to three in number, 
tend to be round or elliptical. Pure pigment or 
pure chnlesterol stones are rare; usually both 
siibst.inces make up a gallstone, and approximately 
50 per cent of stones contain sufficient calcium 
to make lliem radiopaque. 


Symptoms and Signs. Half of all persons with 
gallstones have no biliary sjTnptoms. The other 
half suffer distress ranging from mild postprandial 
belchmg and bloating to full-blown attacks of 
biliary colic. The episodes of colic occur inter- 
mittently, each attack presumably representing the 
reaction of tlic biliary tract as a stone passes 
through the common duct or is wedged into the 
CTilrance of tlie cystic duct. As might be expected, 
therefore, stimulation of the gallbladder by a fatty 
meal may precipitate biliary colic, but many an 
attack seizes the patient in tlie middle of the night 
without any obvious dietary reason. At the height 
of the colic, nausea, vomiting, and difficulty in 
taking a deep breath are frequent but not invari- 
able complaints. Tenderness and spasm in the right 
upper abdomen are present xvhen pain is maximal 
but thereafter recede rapidly. Residual sensitivity 
to fist percussion over the ribs may, howes’er, persist 
for several days. Transient biHrubinuria and mild 
bilirabinemia probably follow biliary cohe caused 
by stone in about one-third the cases, but the icterus 
is usually imperceptible and the darkening of the 
urine unnobeed by the patient. Between attacks 
the pabent may fed in the best of health. 

Diagnosis. Characteristic biliary colic, typical in 
location and radiation, is usually recognized without 
difliculty. Though intense, it is less disabling and 
prostrating tlian the pains of intestinal perforation, 
mesenteric occlusion, severe myocardial fnfarcUon, 
or hemorrh.igic pancre.vtitis. Less severe forms of 
myocardial infarcUon or pancreatitis may, however, 
cause pain not easily istinguished from bihary 
cohe. As a rule biliary cohe is briefer than the pain 
of pleunsy but lasts much longer than each fluc- 
tuating wave of intestinal colic. Both biliary colic 
and peptic ulcer pain may occur during the night, 
but biliary cohe tends to strike in irregular and 
isolated attacks, whereas the pain of severe peptic 
ulcer returns regularly night after night. 

X-ray examination (see above) is the most fruit- 
ful method of establishing the diagnosis of gall- 
stones. Duodenal drainage serves as a supplemental 
procedure when cholecystograms are inconclusive, 
as in jaundiced cases with nonfilling of the gall- 
bladder; or when radiologic and dinical indica- 
tions ore contradictory, ns in the case of patients 
who has’c typical biliary colic but apparently normal 
x-ray findings. The identificabon of cholesterol 
crystals in bile obtained by duodenal drainage is 
strong but not unequivocal evidence for cholelithia- 
sis. Granules of calcium bilirubinate in duodenal 
aspirate indicate gallstones with an accuracy of 
about 50 per cent in patients who are not icteric, 
in jaundiced patients, these granules have little sig- 
nificance os Uiey may precipitate as a result of 
prolonged hepatogenous jaundice. 
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Course and Indicallons for Surgical Treatment. 
The possible complications of gallstones are many: 
acute and chronic cholecystitis, choledocholilhiasis, 
cholangitis, hepatic abscesses, biliary cirrhosis, 
fistulas from the biliary tract to adjoining viscera, 
and gallstone ileus. In addition, gallstones appear to 
predispose the gallbladder to cancer. Although 
the hhelihood of these complications is greatest in 
those who develop gallstones at an early age, have 
many small stones, or suffer repeatedly from biliary 
colic, any gallstone, including so-called silent stones 
(i.e., asymptomatic stones discovered accidentally 
by x-ray or at operation), must be regarded as a 
potential source of trouble. 

Patients with gallstones and one or more attacks 
of biliary colic should be treated by ch<j!e<^’stec- 
tomy; there is no medical means of cure, and the 
probability of further colics and worse complica- 
tions is great. Patients with stones who suffer 
merely from "indigestion” also dcscrr'c to have the 
gallbladder removed, but the complaints may not 
be alleviated completely because their relation to 
the gallstones may be merely coincidental. Fin.iUy, 
a middle-aged woman with a “silent" stone faces 
the following choice: 

1. Do nothing. In Uils case, the chances arc ap- 
proximately even that she will develop sj-mptoms 
warranting cholecystectomy later. Furthermore, be- 
cause she faces the risks of serious complications, 
surgical fatality, and cancer of the gallbladder, the 
chances are about six out of a hundred that the 
"silent" gallstone eventually will cause her death. 

2. Immediate elective cholecystectomy. The mor- 
tality risk varies widely, but it probably averages 
about 1 per cent throughout the country. In addi- 
tion there is a 0.5 per cent risk of a surgical accident 
leading to stricture of the common duct, a crippling 
and potentially fatal complication. 

Most surgeons, pointing to the 4:1 ratio of mor- 
tality risks between these alternatives, recommend 
immediate cholecystectomy. These slalisUcs, how- 
ever, give only a two-dimensional picture. Tlie 1.5 
per cent risk is immediate and threatens a woman 
just beyond middle age. The 8 per cent risk is 
usually incurred when the patient is sixty-five to 
seventy-five years old, an age when her life expect- 
ancy is threatened by many disorders. In other 
words, in terms of patient years, nothing is gained 
by electiv e cholecystectomy, and it appears reasona- 
ble to follow the patient with “silent” stone and 
to recommend surgery if and when the first bOiaty 
colic takes place. 

ACUTE CHOLECYSTITIS 
Acute inflammation of the gallbladder js asso- 
ciated with gallstones nine times out of ten. The 
part played by biliary calculi in precipitating acute 


dioletystitis is not clear, but in some cases sudden 
occlusion of the cystic duct by a gallstone produces 
bfliary stasis and thus promotes an eruptive growth 
of the few bacteria that indolently inhabit many 
calculous gallbladders. In nearly half the cases, 
however, bile removed from an acutely inflamed 
gallbladder contains neither bacteria nor pus: Ure 
evidence for a primary bacterial infection is not 
good. To explain these cases, it has been suggested 
that a stone in the cystic duct causes enough 
^asm and edema to compromise the nearby <ystic 
artery, with resultant ischemic damage to the gall- 
bladder wall. Acute cholecystitis has also been 
attnbuted to citemical irritants in the bile and, in 
the case of noncalculous varieties, to bacterial in- 
fection teaching the gallbladder by vascular or 
lymphatic routes. 

Symptoms. Upper abdominal pain and fever are 
the outstanding symptoms. The pain either may 
begin gradually or may explode with biliary colic; 
thereafter it settles as a chronic but severe distress 
in tile right upper abdomen. Ten per cent of cases, 
however, usually comprising those of advanced age, 
suffer relatively little pain. Nearly all patients have 
fe\-er, not necessarily striking, but often spiking 
to lOl’F at least once in 24 hr. Chills may precede 
the febrile peaks. Nausea and vomiting are common, 
but clinically perceptible jaundice appears in no 
more than 25 per cent of patients. If icterus is 
severe, an associated choledochohtliiasis may be 
responsible; milder and more transient bouts of 
jaundice can probably be ascribed to spasm, edema, 
or inflammation of the ducts draining the liver. 

Signs. In addition to fever, local signs ranging 
from slight muscular guarding and sensivity on 
fist percussion to acute tenderness and boardlike 
spasm are found almost invariably in the right 
upper abdomen. A tender, vague mass comprising 
the swollen gallbladder and adherent omentum is 
palpable in roughly half the cases. 

Laboratory and X-ray. A quite consistent finding 
is polymorphonuclear leukocytosis ranging between 
10,000 and 20,000. The results of other blood and 
urine tests are not remarkable except for the evi- 
dences of regurgitation jaundice in the icteric cases. 
Bromsuphalein retention and increased semm alka- 
line phosphatase may be noted even in the absence 
of bilinibtnemia, and the gallbladder usually fails 
to opacify if cholecystography is attempted. 

Dia^osis. The differential diagnosis includes 
coronary, pleural, and pulmonary diseases, right- 
sided heart failure, perforated peptic ulcer, pan- 
creatitis, mesenteric occlusion, appendicitis, acute 
salpingib's, pyelitis, intestinal obstruction, and in 
jaundiced cases, liver disease, hemolytic crises, and 
malignancy affecting the extrahepatic biliary sj’S- 
tem. Pancreatitis presents a special problem not 
only because many clinical and laboratory findings 
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are common to both conditions, but also because 
pancreatitis may ensue as a complication of gall- 
bladder infection. Olher\\ise the typical case of 
acute cholecj’slitis is readily differentiated from the 
conditions listed, particularly if clinical judgment 
can be supported by x-n'.)s, electrocardiograms, and 
appropriate examinations of blood and urine. The 
atypical, relatively painless case, however, may go 
undiagnosed. To avoid tin's error, any elderly patient 
uilh unexplained f e\ er and leukocytosis should bo 
suspected of biliary tract disease, and extra care is 
warranted in examining the right upper abdomen 
for slight guarding, minimal tenderness, or a v.ague 
mass. Sometimes a difiicult diagnostic problem is 
presented by acute colonic obstruction which may 
closely simulate acute cholecystitis, particularly if 
the responsible lesion is an ulcerated cancer near 
the hepatic flexure. Although many cases of chole- 
cystitis are nonictcric, early and repealed examina- 
tions of blood and urine for even fleeting signs of 
jaundice are invaluable in the correct interpretation 
of acute abdominal disorders. During the acute 
episode, intravenous cholangiography may be used 
to advantage. If the common duct Is opacified, 
indicating adequate hepatobiliary excretion of the 
dje, and the gallbladder does not EU, cliolecyslitis 
IS a good possibility. Conversely, fiJLng of the gall- 
bhidder under such conditions tends to rule out 
disease of this viscus. If neitlicr duct nor gall- 
bladder are shown to contain dye, no diagnostic 
inferences are possible. 

Course. Many attacks of acute cholccvstitis sub- 
side within 1 to 4 days, but in some 40 per cent 
of cases the process cither does not abate or is 
progressive. It is then tli.it the danger of empyema, 
gangrene, or perforation of the gallbladder bewmes 
acute. Other threatening complications are cholan- 
gitis, liver abscesses, pancreatitis, and pylephlebitis 
An occasional sequel of acute cholecystitis is erosion 
of the damaged gallbladder nail by a gallstone, 
whicli thereafter may continue to he outside die 
g.allbl.idder but in 90 per cent of these cases escapes 
into the g.nslroinlcstlnal tract by means of a fistula 
between the gallbladder and duodenum. 

cnnoxic cholecystitis 

Two tjpes of chronic cholec)’stilis roust be dis- 
tinguislicd: th.it which is clinically a bona fide 
entity and that v.hich is noL The bona fide variety 
presents the symptoms of acute cJioIccyslitis in 
dilute and chronic form. These include upper ab- 
dominal distress ranging from epigastric pressure 
to biliary colic, indolent bouts of fever, intermittent 
mdd jaundice, and various digestive complaints. The 
right hypochondrium is often tender and almost 
invariably sensitive to Est percussion. CboIcc)stog- 
^ rnphy reveals norifilhng of the gallbladder. In the 
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vast majority of cases with these clinical and radio- 
lo^'c findings, the pathologist finds a thick-walled, 
contracted gallbladder cont.'iining stones. Rarely, 
however, no stones are found. Under such circum- 
stances, the origin of the chronic inflammatory 
process is obscure. Some cases may be tlie residuab 
of an acute hematogenous cliolecyslitis; in other 
instances, it is probable that stones were present 
initially but were then passed via the bile ducts or 
fistulous communications into the intestinal tract. 
Bona fide chronic cholecystitis with the clinical and 
radiologic criteria here defined warrants chole- 
cystectomy. 

The bogus variety of chronic cholecystitis is a 
straw man conveniently erected to explain func- 
tional digestive complaints and waiting to be felled 
by useless operation. The patient usually has a 
large variety of digestive and systemic complaints, 
but belching, bloating, and epigastric pressure after 
meals are predominant Fat intolerance, in the sense 
that these symptoms are aggravated by a fatty 
meal, is topical. Tenderness may be elicited in 
many sjxits, but objective abnormalities on physical 
examination arc ml On cholecystography the gall- 
bladder is outlined and shows no stones, but the 
concentration of the dje or its evacuation in re- 
sponse to a fatty meal may not satisfy the radi- 
ologist 

I^tients with this clinical picture have been and 
are labeled as having clironic cholecjstitis on the 
grounds that improper cholecystic function literally 
causes indigestion vvvili deficient e.xposure of chyme 
to bile, that variations in the concentration and 
evacuation of clioleeystographic dyes provide o 
satisfaclOT)' index of gallbladder morphology and 
function, and that chronic inflammatory and de- 
gcnerabvc changes m the gallbladder wall furnish 
substantial evidence that the viscus causes clinical 
symptoms Aetually patients with alleged chronic 
cholecystitis have no demonstrable digestive or 
absorptive defect, the concentrabon and evaeuabon 
of gallbladdci djes are variable phenomena, and 
in very few fields is correlation between structur.il 
change and dimcal symptomatology so poor as m 
disorders of the gallbladder. Many an oldster has 
pathologic evidence of advanced choIec)’Stitis but 
never a biliary sjmptom, and conversely, the gall- 
bladder affected by acute cholecystitis may reveal 
few of the patlioJogic changes usually expectetl 
of inflammatory disease. The "strawberry gall- 
bladder” with Its prominent mucosal and submu- 
cosal deposits of cholesterol is another cnbty vvhicli 
is striking pathologically but of nebulous signifi- 
cance clinically. 

Perhaps the best evidence that this variety of 
noncalculous chronic cholecystitis is not a real clini- 
cal eiibty is found in its treatment. Those who treat 
the condition medically advise anb'spasmodics. ant- 
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acids, laxatives, rest, and sedatives for the insomnia 
of which a majority of these patients complain, 
measures that are usually marshaled to treat func- 
tional disorders of the alimentary tract. Those who 
go further and remove an allegedly poorly func- 
tioning but stoneless gallbladder account for many 
of the failures of cholectystectomy. Since the gall- 
bladder is not the cause of the symptoms, the 
patient can hardly be expected to benefit from its 
removal. 

CHOLEDOCHOUTHUSIS 

Gallstones are found in the common duct in one 
out of every seven patients operated on for biliary 
tract symptoms. Most of these stones originate in 
the gallbladder and become arrested as they pass 
from gallbladder to duodenum, but under some 
conditions biliary “mud" (precipitated bile pig- 
ment) and even larger concretions form in the 
hepatic and common ducts. It is therefore possible 
that stones found in the common duct of a patient 
who previously had a cholecystectomy were de- 
posited de novo, but it is more likely that the 
stones w’ere already in the biliary channels at the 
time of surgery but escaped detection. 

Symptoms and Signs. Gallstones in the common 
duct cause biliary colic, jaundice, fever and chills, 
but the pattern of these symptoms is xmlable. A 
stone rapidly passed from gallbladder to duodenum 
may prostrate the patient with colic, but the attack 
is brief, afebrile, and jaundice if present at all is 
light and evanescent. Two out of every five patients 
with common duct stones removed at surgery have 
had no evidence of jaundice. If stones pass more 
slowly or become lodged in the common duct, 
biliary colic may be accompanied by chills and 
fever and is usually followed by a definite wave of 
jaundice Avitb dark urine and light stools. Nausea 
and vomiting are more prominent than with colic 
originating in the gallbladder. Within 24 to 48 hr 
many attacks subside, and the patient, in spite of 
the continued presence of stones in the duct, is 
quite well until movement of the stones, spasm, or 
inflammatory edema precipitates the bout. 
Though choledocholithiasis may thus be sOent be- 
hveen attacks, botli extra- and inlrahepatic biliaiy 
passages are exposed to progressive dilatation and 
to smoldering infection by such organisms as 
Escherichia coU, Acrohacter aerogenes, and Strepto- 
coccus fecalis. 

Some attacks of colic are followed by persistent 
jaundice, which may be constant or may fluctuate 
as the stones in the common duct shift position or 
as the inflammatory reaction waxes and wanes. Dur- 
ing this period deep discomfort in the right hj'po- 
chondrium gradually replaces the initial colicky 
pains, presumably because choledochal motility 
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comes fatigued in the face of continuing ohstruefion 
and inflammation. In some patients with chronic 
distention and infection of the choledochal svall, 
pain is never prominent, and about 5 per cent of 
patients chronically jaundiced because of clioledo- 
cholithiasis have paitdess jaundice. Fever and chills 
indicate diat an ascending cholangitis is flourishing 
in the obstructed biliary passages and give warning 
that multiple hepatic abscesses or pylephlebitis may 
ensue if biliar)’ stasis is unreheved. Other S)Tnptoms 
are anorexia, meleorism, constipab’on, and pruritus. 

On physical examination, tenderness and some 
muscular guarding are usually found in the right 
hypochondrium. In chronically jaundiced cases, the 
bver is enlarged 1 to 4 cm beIo^v the costal margin 
because of biliary stasis, ascending cholangitis, or 
both. The sldn is often excoriated and may show 
the purpuric manifestation of hjpoprothrombine- 
mia. 

Diagnosis. When the whole clinical triad of 
biliaiy colic, jaundice, and spiking fever charac- 
terizes choledocholithiasis, diFerential diagnosis 
from the other major causes of penistent jaundice, 
i.e., liver disease and neoplastic biliary obstruction, 
is not difficult. By contrast, jaundiced patients with 
little pain or fever present knotty diagnostic prob- 
lems. In these, a past history of coliclike pain or a 
shaking chill points to choledocholithiasis. Itching 
and faUure to palpate the gallbladder should also 
characterize the jaundice of choledocholithiasis but 
often are relatively unreliable guides. Splenomegaty 
argues against calculous bJiary obstruction, as does 
a histoiy of colicless jaundice appearing after ex- 
posure to chlorpromazine or other drugs producing 
inlrahepatic but cholestatic jaundice. Intravenous 
cholangiography (see Biliary Tract Radiology, 
above) in patients who are minimally or not icteric 
helps to establish or exclude the diagnosis of com- 
mon duct stones when biliary colic occurs after 
cholecj'stectomy. Other findings that suggest cho- 
ledocholithiasis are leukocytosis, biiirubinemia, bili* 
rubtnuria, or increased amjlase values in blood or 
urine samples taken \Wthin 3 to 12 hr of an attack 
of colic. The diagnosis of choledocholithiasis is 
also supported by the discovery of abnormal biliary 
sediment on duodenal drainage and, in jaundiced 
patients, by a pattern of liver function and bile 
pigment tests indicati\’c of a fluctuating regurgita- 
tion jaundice. In the face of persistent cholangitis, 
howe'er, flocculation tests may yield increasingly 
positive '’alues. 

GALLSTONE ILEUS 

Fistulous tracts formed by gallstones creding 
through a chronically diseased gallbladder or com- 
mon duct may enter any adjoining 'iscus, but by 
far the most common route leads into the duo- 
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denum. Large stones, ‘lien’s egg" size, are most 
opt to be responsible, and, strangely enough, stones 
like this may erode into the gut without producing 
acute symptoms. Hours to days later, hou’cwr, an 
escaped gallstone, sometimes enlarged by layers of 
inspissated intestinal material, may suddenly cause 
gallstone ileus; ie., it may acutely obstruct the 
distal ileum or, very rarely, the sigmoid. Gallstone 
ileus accounts for only 1 to 2 per cent of all small- 
bowel obstructions but should bo suspected when- 
ever an elderly woman who has had biliary symp- 
toms for years suddenly experiences ileal obstruc- 
tion. 'The suspicion is changed to certainty if x-rays 
show gas shadows outlining the biliary passages, 
clear eWdence of an abnormal communication be- 
tween the biliary and enteric tracts. 

STRICTURE 

One of the most distressing disorders of the 
biL'ary tract is chronic stricture of the hepatic or 
common duct. Perhaps one-lcnlh of such strictures 
are spontaneous, in the sense that they appear 
mysteriously or are the iRrect results o! cholcdo* 
cholitliiasis. In most cases, however, accidental in- 
jury of the common duct during gallbladder surgery 
Is the cause. Sometimes the surgeon recognizes 
that he has cut the duct and attempts repair; more 
often, he is unaware of the accident until the 
patient becomes jaundiced or develops an external 
biliary fistula some days after operation. The exact 
incidence of such common duct Injuries is untmown; 
in experienced hands it is ^cry rare, but throughout 
the United States accidental injury of tlie common 
duct probably occurs In one out of every 200 
cholec) stectomies. 

Stricture, whether spontaneous or surgically in- 
duced, causes partial biliary obstruction usu.nlly 
complicated by chronic infection. The biliary tree 
behind the stricture becomes progressnely dilated, 
its branches tortuous and damaged by varying de- 
grees of cholangitis. With virulent infection multiple 
hepatic abscesses may deselop, but the more com- 
mon end result is biliary cirrhosis. Qmically the 
patient exhibits a course slowly carrying lum down- 
hill over months to years. Much of the time he 
suffers only from mild jaundice, itching, lassitude, 
and digestive disorders, but at irregular intervals 
he IS suddenly seized by rigors and headache fol- 
lowed by sharp increases in jaundice. These bouts 
probably are caused by transient exacerbations of 
(he chronic cholangitis, wnth bacteremia and in- 
creased biliary obstruction produced by the fnflam- 
matory reaction in the common duct. 

The only effective therapy is surgical correction 
of the partial obstruction, sometimes with the crea- 
tion of new bilwry-inteslinal anastomoses ‘Tills Is 
surgery that requires a master, but if repair is suc- 


cessful in the sense that bile flow' is unimpeded, not 
only Is the patient sjTnptomatically relieved, but 
even advanced grades of biliary cinhosis recede 
mitaculousiy. 

TREATMENT OF GALLSTONES AND 
THEIR CO.MPLICATIONS 

"rhe only definitive trwifmcnt of a gallstone Is its 
surgical removal. Medical measures, however, are 
necessary to relieve pain, to tide the patient over 
attacks, and to prepare him for surgery. For tlic 
relief of pain, often the patient’s first nc^, meperi- 
dme (Demerol) is usually recommended, on the 
premise that this narcotic analgesic, unlike mor- 
phine. does not cause spasm of the sphincter of 
Oddi. Unfortunately this agent may not provide the 
necessary relief, in which case an opiate may be- 
come mandatory. Tlic dramatic benefit which pa- 
tients with bdiary tract pain often obtain from 
morphine or one of its derivatives suggests tint the 
harm done by morphine-induccd spasm of the 
sphincter of Oddi is of greater theoretical than 
real importance. 

During acute attacks of painful or inflammator)' 
nature, notliing is given by mouth and mctcorism 
Is forestalled by constant gastric suction. Fluids, 
glucose, and electrolytes are provided parcntcrally. 
In patients w’ith fever those with acute cliolc- 
cystitis, cbolcdochohthiasis with cholangitis, stric- 
ture) antibiotics are indicated. Although it is true 
tlial antibiotics w-ilJ not appear in static bile 
dimmed up behind an obstruction, their dissemina- 
tion by the blood lends to prevent the spread of in- 
fection and decreases the dangers of baeferemLi. 
Broad-spectrum antibiotics arc often used, but the 
combination of parenteral penicillin {1 to 2 million 
units per day) and streptomycin (1.0 to 2.0 Cm 
per day) appears preferable from the viewpoint of 
wide effectiveness and low toxicity. Of crucial 
importance is the parenteral administration of vita- 
min K prqiarations to any patient who is jaundiced 
or has had jaundice recently, for the prothrombin 
resources of such patients may be une.xpectcdly low. 

When biliary obstruction is prolonged, as in llie 
case of certain stnetures or neoplasms of tlie com- 
mon duct, the patient is given a low fat diet, water- 
soluble or water-miscible preparations of vitamins 
K, A, D, and E by mouth, and sulfonamides or 
antibiotics as needed for the control of cholangitis. 
One of tiie most distressing symptoms is apt to be 
ilchmg, which is only partially controlled by local 
applications. Calcium gluconate injections may af- 
ford relief, but tlvcir effect is only temporary. 
Methyltestosterone, 25 mg daily’, has been used to 
control the itching of regurgitation jaundice. Bile 
salts have been made unnecessary by the avail- 
ability of fat-soluble vitamins in water-misdble 
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form; in fact, since bile salts may increase pruritus, 
their use is inadvisable. 

Dietotherapy. From many points of view, a diet 
low in fats (40 to 75 Cm per day) appears suitable 
for aU types of biliary tract disorders. For those with 
gallbladder stones, one object of therapy is not to 
provohe movement of the stones into a position 
where they might produce symptoms. Since the 
ingestion of fats is a stimulus for gallbladder mo- 
tility, the dietary restriction of fats appears ra- 
tional, even though many colics and other compli- 
cations of cholelithiasis have no clear-cut relation 
to the size and composition of antecedent meals. 
For those who suffer from belching, epigastric pres- 
sure, and bloating, a diet relatively low in fats is 
also recommended, partly on empirical grounds, 
and partly because fats are particularly instrumental 
in affecting the gastroduodenal motor meclianisms 
that are responsible for many of the symptoms of 
"indigestion.” 

As far as the surgical treatment of biliary tract 
disorders is concerned, the following principles per- 
tain to most cases: 

1. If gallstones are to be removed, the gall- 
bladder is if possible removed as well. Sometimes 
the condition of the patient or a technical difficulty 
precludes cholecystectomy, and the surgeon must 
content himself with cholecystostomy to drain the 
gallbladder of stones, fiuid, or pus. The disadvan- 
tage of this procedure is that the gallbladder re- 
mains behind to serve as a further seat of inffam- 
malion and stone formation. On the other hand, 
removal of the gallbladder incurs no disability. 
Except for an irregularly occurring and mUd dila- 
tation of the common duct, the structure of the 
biliary channels remains unaltered, and the diges- 
tion and absorption of fats are not impaired. Chol- 
ecystectomy, as far as the patient is concerned, need 
not interfere >vilh normal living and a normal diet. 

2. Every effort is made to free the common duct 
of calculi or crystals that might serve as a nucleus 
for further stones. For this reason the common duct 
is explored not only in patients who have had 
obvious symptoms of choledochohthiasis, but also 
in those who have a good probability of choledo- 
cholithiasis as indicated by a past history of jaun- 
dice, the presence of many small stones in the gall- 
bladder, or the operative finding of choledochal 
dilatation. The careful search for common duct 
stones often entails the meticulous probing and 
flushing of the duct. After the common duct has 
been inspected and cleared of stones, it is the usual 
practice to drain the duct by means of a T tube 
for scv’eral weehs. During and after operation, direct 
cholangiography is used to advantage to ensure that 
no stones remain. 

3. TJie acutely inflamed gallbl.idder is ideally 
removed ol a time when technical difficulties are 
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minimal but before perforation or gangrene de- 
velop. Nearly all surgeons agree that these ideals 
are fulfilled if cholecystectomy is performed im- 
mediately in patients seen witliin 48 hr of the onset 
of symptoms, but the management of patients *een 
later in the course of their disease is subject to 
sharp controversy, Some operate as soon as the 
patient can be prepared for surgery. Others prefer 
to waft 1 to 3 weeks until inflammatory reaction 
and tissue friabffity subside. Surgeons in this group 
intervene only if increasing fever, pain, leukocytosis, 
and general evidences of toxicity suggest impend- 
ing necrosis or perforation of the gallbladder. 

4. In jaundiced patients with choledocholithiasis, 
a waiting period is usually indicated before surgery 
is undertaken. This gives the obstruction an oppor- 
tunity to subside spontaneously, or, if jaundice per- 
sists, lime is available for carrying out the repeated 
tests often necessary to establish the correct diag- 
nosis. 

BILIARY DYSKINESIA 

Disorders of gastrointestinal motor function are 
generally accepted as adequate causes of abdominal 
pain. TTje underlying mechanisms, although not 
well understood, are believed to consist of muscular 
spasms and lack of coordination between motor 
functions that normally ore smootlily integrated. 
Even more obscure are the nonorgnnic disorders 
that affect the extrahepatio biliary tract, but it is 
reasonable that pain may arise here, ns in the gut, 
on the basis of spasm and incoordination. 

The dynamics of the biliary tract are normally 
regulated by a coordinated inverse relationship be- 
tween hepatic secretion, cholecystic evacuation, and 
choledodial tone on one hand, and sphinctcric 
mechanisms on the other. This relationship, how- 
ever, may be replaced under the influence of cer- 
tain pharmacologic, neurogenic, or locally irritative 
stimuli by uncoordinated activity, usually referred 
to as bihary dyskinesia. The gallbladder, for ex- 
ample, may ineffectually attempt evacuation against 
a c^’Slic duct tightly closed by spasm. AUemalivcly 
a contracted sphincter of Oddi and duodenal mus- 
culature may oppose foixes actively promoting bile 
flow. In cither case intraluminal pressure between 
the opposing forces is increased, the wall of a hol- 
low viscus is tensed, and pain ensues. 

Tlie archtype of biliary dyskinesia is provided by 
the spasmogenic effect of morphine on the duo- 
denum and sphincter of Oddi. To some extent this 
effect of opiates takes place in cver^'one, but in 
hypersensitive patients, opiates induce intense 
nausea, vomiting, and a violent contraction of the 
diiorlonum and sphincter of Oddi wiih biliary' colic. 

A similar though less woU-doctimcntcd dyskineffe 
mechanism may account for the biliaiy type of pain 
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tliat sometimes occurs during mlgr.iinous attacl^s, 
for neurogenic nausea is usually accompanied 1^’ 
considerable duodenal spasm. Finally it may be 
postubted that biliary dyskinesia is caused hy 
cbob’nCTgic or adrenergic imbalance, by reflexes 
from other organs, and by a locally irritative focus, 
such as a cystic duct remnant following eholecyslec- 
tomy or tlie scar of a spontaneous or operative 
injury, 

Sj-mploms and Signs. Clinically, the pain, tender- 
ness, nausea, and vomiting of biliary dj’shinesia 
closely mimic organic disease of the gallbladder 
and bile ducts, but jaundice, fever, chilk, and 
lcukoc)1osis do not occur, and tests that reflect 
hepatic, biliary’, and pancreatic secretory function 
(see below. Postcholecystectomy Syndrome) re\-eal 
no .abnormalities. X-rays of the biliary sj’Stem show 
no structural abnormalities, but disorders of func- 
tion, such as failure of cholccj’sUc evacuation after 
a fatty meal, may occasionally be seen. Those who 
practice biliary tract manometry insist that tliis 
technique provides the only method for diagnosing 
dyskinetic syndromes accurately, and if such ma- 
nometry were only safely feasible under basal, 
nonoperativc eondilioos, the soundness of Uiis slew 
could hardly be contradicted. 

Typically, biliary dyskinesia appears as part of 
a more general syndrome in whicli i-arious auto- 
nomic phenomena may be prominent. Tlie patient, 
a woman nine times out of ten, usually has had a 
stoncicss gallbladder removed Headache, giddiness, 
scotomas, nausea, or some other aura may precede 
the biliary colic (in organic biliary tract disease, 
pain is usually the first s)-mptom), ssveating and 
pallor may accompany it, and loose bow-cl mov'e- 
ments may foUosv. A careful lustory may reveal 
that tlie attack has been predpitated by the in- 
gestion of a minute quantity of opiate, as may be 
found in many analgesics or cough medicines. If 
tills cUrucal picture Is aecompatued by completely 
negative laboratory and radiologic studies, particu- 
larly a normal intravenous cliolangiogram. the diag- 
nosis of biliary dyskinesia can be made wath some 
assurance. If the biliary sj’mptoms occur by them- 
selves, unaccompanied by signs of a diffuse reac- 
tion of the autonomic nervous system, diagnosis is 
more diilicult. In patients v%ho still liave the gall- 
bladder in place, a cholccjstogram durmg an 
attack may show good fillmg of the viscus, but Its 
evacuation cannot be inducra for the duration of 
the painful episode. 

Treatment. Tlie treatment of biliary dysVincsis is 
medical. In essence, it consists of (1) reassurance, 
(2) av'oidancc of opiates in nil forms. (3) dimina- 
tion of fats and alcohol from the diet, and (-1) a 
combination (admittedly "shot gun" in cliaracter) 
of sedatives and aniispasmodics to be taken at the 
very flnt sign of the attack; c.g., salicjlates, anU- 


cholincrgics, and barbiturates or phenothiazine de- 
rivatives arc given m combination and maximal 
oral doses in an effort In abort tlie attack and put 
the patient to sleep. Rectal suppositories containing 
sedatives of tranqudizcrs are useful if vomiting con- 
traindicates oral medication. Once the attack is 
well on its way, a sedative or meperidine has to 
be given subcutaneously. 

POSTCIIOLECYSTECTO.MY SYNDROME 

The term postcholecystectomy syndrome is often 
used tn referring to real or alleged biliary symp- 
toms which persist after cholecystectomy but which 
cannot be expbined on the basis of residua! or new 
biliary calculi. It thus serves as a scrap-basket term 
which comprises a number of conditions: 

1. Organic abnormalities of the bile ducts such 
as stricture, fibrosis of the sphincter of Oddi, cjstic 
duct stump, and tumors of nerve tissue. A cystic 
stump remaining after cholecystectomy has become 
a more Important entity since the advent of intra- 
venous chobngiography Such stumps may enlarge 
and may serve as a site for new gallstone formation 
Some surgeons hold cystic stumps responsible for 
symptoms whether or not additional disorders arc 
present, but this view appears untenable because 
uncompbeated cystic duct stumps arc seen as often 
In normal postcholecystectomy patients as m those 
complaining of symptoms. 

2 Chronic rcl.apsing pancreatitis. 

3 Biliary dyskinesia. TJie operative record in 
most of these cases shows that no stones were found 
at cholecystectomy, and it may be assumed tlut 
biliary dyskinesia accounts for both pre- and post- 
operative symptoms In a few eases, however, blb- 
ary dyskinesia appears to affect p.ilients who under- 
went cholecystectomy because of the sound indica- 
tion of cholelithiasis. 

4 Functional gastrointestinal disorders. In this 
the largest group of postcholecystectomy syn- 
dromes, symptoms persist after operation for the 
obvious reason that removal of a nonealculous gall- 
bladder. falsely incriminalcd under the diagnosis of 
chronic dioJccystitis. cannot be expected to alter 
upper abdominal distress produced by an irnt.ible 
colon or some other disorder of gastrointestinal 
function. 

When die postcholecystectomy syndrome is 
caused by organic disease of the biie ducts, sphinc- 
ter of Oddi, or pancreas, surgical exploration is 
usually indicated If biliary dyskinesia or function.il 
gastrointestinal disorders arc responsible, surgical 
intervention is to be deplored. Fi-vct, chills, jaun- 
dice, and a history of gallstones liaving been found 
at the time of cliolccystcclomy favor an organic 
disorder. If a stoneless gallbladder was removed, 
and the patient has headache, sweating, giddiness. 
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anti dianhea with the attack, a functional disorder 
shcmld be strongly suspected. In any case, how- 
ever, intravenous cholangiography is indicated; and 
within 24 hr of an attack some or all of the follorv- 
ing measurements should be performed; leukocyte 
count, bile pigment in urine, serum bilinibin, 
serum amylase and lipase, serum alkaline phospha- 
tase, Bromsulphalein e.vcretion, and 24-hr output 
of urine diastase. If these tests are performed 
repeatedly on blood and urine samples obtained 
immediately after attacks, some abnormal results 
will usually be observed if the underlying cause 
is an organic change susceptible to surgical cor- 
rection. If the patient has biliary dyskinesia or an 
e.\lrabdiary functional disorder, consistently normal 
results will be obtained. 


CANCER OF THE GALLBLADDER 

As far as the general population goes, cancer of 
the gallbladder is a rare and unimportant disease. 
For those who develop gallstones before the sev- 
enth decade, however, the picture is different, for 
unless cholecystectomy Is performed, 3 per cent of 
this group will succumb to this cancer. 

The early symptoms of cholecystic cancer usu- 
ally go unrecognized and are attributed to a benign 
biliary disorder, particularly since two-thirds of the 
patients with this cancer give a history of biliary 
symptoms extending over years. In any elderly pa- 
tient with clinical or radiologic evidence of gall- 
stones, however, the diagnosis may be suspect^ if 
pain becomes boring and persistent rather than 
acute and episodic, and if weight loss occurs be- 
cause of anorexia rather than because of voluntary 
restriction of food intake. Moderate to severe jaun- 
dice, usually stable or progressive, is seen on ad- 
mission in half the cases. Because of associated in- 
fection of the biliary tract, or because of tissue de- 
struction within or by the tumor, fever is common 
and chills not rare. In 50 to 75 per cent of the 
cases, a lurd and tender mass is palpable in the 
right upper quadrant, but this may be confused 
with inflammatorj' tumor of the gallbladder, with 
biliary cirrhosis, and with metastatic nodules in l!ie 
liver. 

Cancer of the gallbladder usually spreads by 
direct invasion of the liver and the vital structures 
of the hepatic porta. Its successful surgiail csUipa- 
tion, consequently, is well-nigh impossible, and 5- 
j'car cures are reportable rarities. 


CANCER OF THE BILE DUCTS 
Adenocarcinoma may grow in any portion of the 
bile ducts: occasicinally in the right or left hepatic 
duct, sometimes in the common duct close to the 
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ampulla of Vater, but most frequently the 
junction of the hepatic and cj’stic ducts. It is not 
a common cancer. In men, U'ho appear to be more 
frequently affected tlian women, it occur? about 
one-fifth as often as pancreab’c cancer. Tlie clinical 
manifestations are similar to those of cancer in the 
head of the pancreas but may be modified bj’ super- 
imposed infection or by elimination of cholccj’stic 
function. Thus cancers situated at or abi^vo the 
junction of the cystic and hepatic ducts produce 
hepatomegaly rather than enlargement of the gall- 
bladder (Table 279-2). Although resection of early 
cancer in the distal common duct is possible, the 
prognosis is usually hopeless, as the growth spreads 
and second.iiy infection as well as persistent biliar)' 
obstruction impair hepatic function. Examination 
of tlie duodenal contents for exfoliated ncopl.istic 
cells should make possible earlier diagnosis of 
some of these growths. 

UNUSUAL CONDITIONS 

Congenital abnormolittcs of the gallbladder in- 
clude complete absence of the viscus, anomalous 
structure such as double gallbladder, and unusual 
position within the liver or the anterior abdominal 
wall. The bile ducts are also subject to numerous 
congenital defects, among which atresia and cystic 
dilatallon are the most prominent. 

CMecysiitis due to SohnoncUa is rare ifl areas 
where salmonella infections are controlled, but 
formerly typhoidal infection of the gallbladder "’as 
responsible for many typhoid carriers. Very infre- 
quent causes of biliary tract infection are tubercu- 
losis, syphihs, actinomycosis, and septic emboli. 
The characteristic \esicms of periarteritis Tiwitftri 
are sometimes exceptionally prominent in the walls 
of the gallbladder. 

Tbe biliary tract may be infested by afcaHds, 
liver flakes, and echinococcus q/sis. These parasites 
may cause biliary obstruction with cholangitis and 
jaundice. A parasite found in the United Suites in 
about 0 5 per cent of patients e.Tamined by duode- 
nal drainage is Ciardia lamWa, but the patliOgcnic- 
ity of this organism is variable. 

With improved cholecj’stography, small pfilypold 
masses are dfscov’cred not infrequently in the p^rll* 
bladder, but their clinical significance is contro- 
versial. Many of these polyps arc merely ruucosal 
prominences containing localized cholesterol de- 
posits; much more rarely true adenomatous growllis 
occur. In either case, Uie lesion cannot be held re- 
sponsible for symptoms. That Uie adenojustous 
polyps progress to cancer is a vehement but un- 
proved assertion used by those who insist oU chol- 
ecystectomy whenever a poljp is discovered radio- 
bgtcally in the g.iUbladdcr. 

Traumatic rupture of tlic gallbladder with bile 
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peritonitis occasionally is a serious complication of 
abdominal injuries. 
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Section 7: The Nervous System 


OQO APPROACH TO THE 
AO A PATIENT WHO HAS A 

NEUROLOGIC PROBLEM 

Ratjmond D. Adams 

Neurology is often regarded as one of the most 
dilGcuIt and exacting specialties of medicine. The 
student coming to the neurology cbnic for the first 
time tends to be easily discouraged by what ho 
sees. Already he Is somewhat intimidated by the 
complexity of the nervous system through his brief 
contact with neuroanatomy, neurophysiology, and 
neuropathology, and often has n defeatist attitude. 
The ritual ho then witnesses, of putting the patient 
through ft series of maneuvers designed to evoke 
certain mysterious signs named after famous neu- 
rologists or c.'illed by unpronounceable terms, does 
not reassure him. In fact it often appears to conceal 
the %'ciy intellectual processes by whicli neurologic 
diagnosis is attained. Moreover, the student has no 
aptitude for the many special tests which arc used, 
such as the lumbar puncture and cerebrospinal fluid 
examination and tlie elcctroeneephalographJc, pneu- 
mocncephalographic, and artcriographic Ktamina- 
tions, and he does not know how to interpret tlie 
results of such tests when tJicy are given him. 
Neurologic textbooks only confirm his fears as he 
reads the details of the countless rare diseases of 
the ner\'ous system. 

THE CLINICAL METHOD 

The author belie\es that many of the students* 
diDicullics with neurology may be overcome by. 
proper instmclion in the basic principles of dinical 


medicine. First and foremost he must know and 
acTjuirc facility in the use of the clinical method 
Without a clear comprehension of this method he is 
virtually as helpless with a new problem as Mould 
be the botanist or chemist who attempted to do 
research without having learned the essentials of 
the scientific method. 

‘The Importance of the clinical method stands 
out more dearly in the study of neurologic diseases 
than in certain other fields of medicine, but the 
following remarks nevertheless have universal ap- 
plication. 'The solution of any dmlcal problem is 
reached by a series of inferences and deductions, 
each on attempt to explain an item in the history 
of an illness or a physical finding Diagnosis is the 
mental act of selecting the one explanation most 
compatible with all the facts of clinical observa- 
tion. Probably no two minds function exactly alike 
in this process, and mdeed one physician may not 
reason the same way on two different clinical prob- 
lems. Yet an anal}’sis of the clinical method used 
will show that it gencrolly consists of an onlerly 
scries of steps, as follows 

1. The essential dinical data are secured by his- 
tory and physical examination. 

2. Tliosc dinical data which are considered rele- 
vant to the current problem are interpreted and 
translated in terms of anatomy and physiology. 
Certain complexes of symptoms and signs are rec- 
ognized as having a meaningful relationsliip. This 
may be called syndrome diagnosis. 

3. From these d.nta the physician is able to deter- 
mine the anatomic localization that best explains 
these findings. Tin’s may be called the anatomic 
diagnosis. 

4. "The course of the illness, the associated medi- 
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cal findings, and tlie accessory laboratory data are 

then ascertained. 

5. And finally the eiioIogSc diagnosis is educed 
{rom these data and from the location of the dis* 
ease process. 

The elicitation of accurate and reliable data con- 
cerning the disordered functioning of the nen-ous 
system is the first step in diagnosis. If these data 
are incorrect, the diagnosis will surely be erroneous. 
Tire talcing of the history and the performance of 
the physical examination, then, are the primary and 
fundamental methods in diagnosis. ^VheTe there is 
disagreement as to diagnosis It will often be dis- 
covered that the source of the difficulty is an un- 
certainty as to the significant items in the history or 
physical examination. Repeated examination may 
be necessary in order to establish them beyond 
doubt. This is why it is said that the second exami- 
nation is the most helpful diagnostic method in a 
difficult case. 

Different disease processes may cause identical 
symptoms, which is understandable from the fact 
that several diseases may invoh’e the same parts of 
the nervous system. For example, a spastic para- 
plegia may result from spinal cord tumor, syphilitic 
meningomyelitis, or multiple sclerosis. Conversely, 
one disease may cause several different symptoms. 
Despite the almost infinite number of possible 
combinations of symptoms and signs, a few oc- 
cur with greater frequency than others in a given 
disease, and indeed some do not occur at all; and 
these can be recognized as the characteristic S)’mp- 
tom complexes or syndromes. The experienced clin- 
ical worker acquires the habit of attempting to 
categorize every clinical case by placing it under 
one or another syndrome. In doing so he more or 
less determines the anatomic basis of the illness 
in question and at the same time narrows the range 
of possible eliologic factors. 

The final diagnosis must stale the locality of the 
disease as well as its nature and, to be complete, 
should express the degree of functional impairment 
as well. Anatomic diagnosis has precedence over 
etiologic diagnosis. To seek the cause of a disease 
without first ascertaining the part or parts of the 
nervous system >\’hich are affected would be 
analogous in internal medicine to an attempt at 
etiologic diagnosis without knowledge of whether 
the disease invoh’cd the lungs, stomach, or kidneys. 

The study of neurology should always procewi 
from the general to the specific. The student must 
Icam the identity and differential diagnosis of the 
common syndromes before the details of indiWdual 
diseases. It should be kept clearly in mind, h<m'- 
cver. llmt sj-ndromes are not dise-iscs but rather 
ahslractions set up by clinical workers In order to 
facifitalc the diagnosis of disc-ase. The inherent 
danger in the method is that it may inculcate a 
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rigidity of thinking and keep one from conceiving 
of diseases in new relationships. 

TAKING TIIE HISTORY 

Skill in taking a clear, meaningful histor)’ of an 
illness is the mark of an able clinician. In fact, this 
faculty more than any other distinguishes the com- 
petent from tlie incompetent clinical worker. The 
following tliree points about history taking jn neu- 
rology deserve comment. 

1. Special care must be exercised to avoid sug- 
gesting to the patient the symptoms U^at one seeks. 
The clinical interview is a hipersonal engagement, 
and the conduct of the examiner has a great in- 
fluence on the patient. Psychiatrists have talked and 
written about this so much that the repetition may 
seem tedious, but it is evident that many of the 
conflicting histories presented on ward rounds can 
be traced to leading questions that have suggested 
to the patient the symptoms that the examiner ex- 
pects to find or to an unconscious distortion of the 
patient's story. Errors and inconsistcttcics in record- 
ing the history arc as often the fault of the physi- 
cian as of the patient. Here the practice of m.ikfng 
bedside notes is particularly to be recommended. 
Considerable experience may be necessary to keep 
a suggestible and highly circumstantial patient on 
the subject of his illness, and of course discreet 
questions arc always necessary to draw out certain 
important points. 

2. TTie mode of onset and the course of the ill- 
ness are of paramount importance. Often the na- 
ture of the disease process can be decided by these 
facts alone. One must know how each symptom 
began and progressed from the onset of the illness 
to the present. If the patient cannot supply this 
information, it may be necessary to judge the course 
of the sjTmptoms by what he was able to do at differ- 
ent limes, i.e., how far he could \valk, whether he 
could carry on his work, etc., or by changes in tlie 
clinical findings between succcssix’c examinations. 
Following a case and allou’ing lime for a disease to 
evolve, n method relied upon by all astute pliysi- 
cians, takes adsTintagc of the latter procedure. 

3. Since neurologic diseases often derange the 
patients mind, it is necessary in every case to 
decide by assessment of the mental status and the 
circumstances under which symptoms occurred 
whether or not he is competent to give the story 
of his own illness. If not. the history' rnust be 
obtained from an outside source such as a rebtive, 
friend, or employer. The n.iturc of certain illnesses, 
such as a cotiMilsion, obviously' precludes the p.i- 
tient's knowledge of all the details of that part of 
his illness, Jn general, students and some phv sieians, 
ns well, lend to be canless in the estimation of the 
mental capacities of their patients, An attempt is 
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sometimes made to take a history from a patient 
who is feebleminded or so confused that he lias no 
idea why he is in a doctor’s ofRce or a hospital, or 
from one who could not possibly have been aware 
o£ the details of the illness. 

TIIE NEUROLOGIC EXAMINATION 

The neurologic examination begins always with 
the history. The manner in v\hich the patient tells 
the story of his illness may betray lack of coherence 
or confusion in thinking, defection of memory, 
faultincss of judgment, or difficulty in comprehend- 
ing or in expressing ideas. This is an essential part 
of the examination of ever)' medical case and pro- 
vides information as to the adequacy of cerebral 
function. Usually this type of information can be 
obtained without embarrassment to the patient TTie 
physician should maintain the same objective atti- 
tude toward the verbal responses of his patient 
and tlie tlioughts expressed as he docs in ausculta- 
tion of the chest. A common error is to pass over 
inconsistencies in history and Inaccuracies about 
dates and symptoms as being unimportant, only to 
discover Inter that these are the major symptoms of 
the illness. 

The remainder of the neurologic examination 
should be performed as part of the general physical 
examination and not os a special procedure, to be 
done later if indicated It should ahvays be carried 
out in an orderly, systematic manner, proceeding 
from the examination of the cranial nerves, to the 
upper extremities, trunk, and lower extremities, in 
order to avoid omissions. The cranial nerves can 
be tested along with the examination of the eyes, 
ears, nose, and throat The nnns should be exam- 
ined after the cervical structures and before the 
heart and lungs, and the legs before the pelvic 
and rectal examination Gait and station should be 
observed at some time during the procedure, usu- 
ally before or after tlie rest of the examination- 

Tlie thoroughness of the examination of the 
nen’ous system must of necessity depend on die 
type of clinical problem presented by the patient. 
To spend a half-hour testing motor and sensory 
function in a patient seeking treatment for a 
sprained ankle is pointless and uneconomical. 
Furtlicrmore, the procedure must be varied accord- 
ing to the condition of the patient. If lie Is coma- 
tose. obviously many tests cannot be done; infants 
and small children and psycliotic patients must be 
examined in special ways. The following comments 
about the examination procedure apply to these 
particular clinical circumstances. 

The Average Medical or Surgical Patient vwilh- 
out Neurologic S}‘mptoms. Rrevity is desirable in 
the neurologic examination, hut any test that is 
undertaken should be done well and recorded 


accurately on the patient’s cliart. In the examina- 
tion of the cranial nen-es, the pupil size, reaction 
to light, ocular movements, visual acuity and audi- 
tory acuity (by question), movements of face, jaw', 
pahite, and tongue should be scrutinized. Observ- 
ing the bare, outstretched arms for atrophy, weak- 
ness, tremor, or abnormal movements, inquiring 
about strength and subjective sensory disturbances, 
and tapping the supinator, biceps, and triceps ten- 
dons to evoke reflexes are usually sufficient for the 
upper extremities. The abdominal reflexes should be 
tested when the abdomen is examined. Inspection 
of the legs as the feet, toes, and kmecs arc actively 
flexed and extended, elicitation of the knee and 
ankle jerks, and stroWng the lateral border of the 
fool for the plantar reflexes complete the essential 
part of the neurologic examination. The only sen- 
sory tests that should be attempted are vibration 
and position in the fingers, anUcs, and feet. Co- 
ordination may be tested by watching the patient 
place his finger on the lip of his nose and run the 
heel up and down the front of his leg This entire 
procedure docs not add more tlmn 3 or 4 min to 
the physical examination. The routine performance 
of these few simple tests may offer clues bs to the 
presence of diseases of which the patient is not 
aware. For example, by finding Arg)’II Robertson 
pupils, absent tendon reJlexes, and diminished vi- 
bratory and position sense in the legs the surgeon is 
alerted to the possibility of the gastric crises of 
tabes when there are no other ^ptoms of neuro- 
syphilis. 

An accurate record of the results of these tests 
should be kept. Even if the tests are negative and 
do not aid in understanding the present illness, a 
neurologic disease developing later may be more 
accurately dated. 

Patients Who Present Symptoms of a Disease 
of the Nervous System. Several monographs have 
been vvTitten on the neurologic examination of 
such p.itients. For a full account of the methods the 
reader is referred to Denny-Brown, Monrad-Krohn, 
Wartenberg and Dejong, each of whom approaches 
the subject from a special point of view. A large 
number of tests have been devised, and it is not 
proposed to review them. Many are of doubtful 
value and should not be taught to students of 
neurology. Merely to perform all these tests on 
any one patient w’ould require several hours, and 
probably toe examiner would in many instances 
be none the wiser. The danger in all clinical tests 
is that the student and physician may regard them 
as the inscrutable symbols of disease rather than 
manifestations of tosordered functioning of the 
nervous system. In general the tests vvhito provide 
the most useful information are few in number 
and relatively simple. The student should he taught 
to do these few tests well and to understand their 
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meaning. The entire e-xamination procedure should 
tle^'er require more than 15 or 20 min, because if 
it does, the patience of both examiner and patient 
are likely to be exhausted and the results then 
become inaccurate. 

Testing of Cerebral Function. Cerebral function 
is tested in detail only if there is reason to suspect 
some defect from the padent‘s behavior during the 
general e.xamination. Questions should then be di- 
rected toward determining orientation in time and 
place and insight into the current medical problem. 
Attention, speed of response, ability to ^ve rele- 
vant answers to simple questions, and in general 
the capacity for sustained mental effort, all lend 
themselves to straightforward observation. Useful 
bedside tests of attention, memory, and clarity of 
thought are the repetition of a series of digits in 
forward or reverse order, serial subtraction of 7s 
from 100, the recall of the names of three objects 
after an inlers’al of 3 min, and the solution of 
simple problems and riddles. Day-to-day recollec- 
tion of the medical procedures and incidents In 
the hospital is an excellent test of memory. Other 
tests can be deNiised for the same purpose. Often 
the examiner can obtain a better Idea of the clear- 
ness of the patient's sensorium and the soundness 
of his intellect by giving him a few tests and not- 
ing the manner In which he deals with them tfian 
by relying on a crude score of a formal intelligence 
or achievement test (sec Chap. 37). 

If there is any suggestion of aphasia, a record 
of the patient's spontaneous speech should be made. 
In admtion, accuracy in the naming of objects, in 
the execution of spoken commands, and the ability 
to read and \vrite should also be noted (see Chap. 
40). 

Testifjg the Cranial tierces. The function of the 
cranial nerves must be investigated more fully than 
in the previous examination procedure. Tests of 
smell are carried out only if one suspects a lesion 
in the anterior fossa, and then it usually suffices to 
determine whether odors are perceived in each 
nostril. In every case of brain disease the visual 
fields should be outlined by a perimeter and sco- 
tomas sought on the Bjerrum screen. The careful 
use of a smaU white test object in a confrontation 
test of tlie visual fields is a useful method and 
should suffice in cases of spinal cord and peripheral 
nerve disease. It may at times, however, reveal or 
localize a scotoma more accurately than the use 
of the Bjerrum screen. 

Sensation over the face should be tested with a 
pin and wisp of cotton, and the comeal reflexes 
should be tried. Facial movements should be ob- 
served as the patient speaks and smiles, for a sli^ 
weakness may be more evident then than duiteg 
voluntary movement. Audiograms and special tests 
of auditory recniitment and labyrinthine tests are 
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needed if there is suspicion of disease of the eighth 
nerve. The vocal cords should be inspected in cases 
of tac(hillacy disease, especially when there is 
hoarseness. Corneal and pharyngeal reflexes are 
usually of value only if there is a difference on the 
two sides; bilateral absence of gag and corneal 
reflexes is seldom significant. Inspection of the pro- 
truded tongue is helpful; atrophy, fibrillation, weak- 
ness, and instability of posture may be seen. Devia- 
tion of the protruded tongue to one or the other 
side as a solitary finding may usually be disregarded. 
Articulation and the pronunciation of words should 
be noted. The jaw jerk and buccal and sucking 
reflexes should be elicited particularly if there is 
suspicion of dysphagia or dysarthria (see Chap. 
40), 

Tests of Motor Function. In the assessment of 
motor function the student must remind himself 
that obsen’ations of the speed and strength of 
movements of muscle bulk and of tone and co- 
ordination are usually more informative than the 
tendon reflexes. It is essential to hat’e the limbs 
fully exposed and to watch the patient maintain 
the arms in the outstretched position; to perform 
simple tasks, such as touching first the examiner’s 
finger and his mvn nose; to make rapid alternating 
movements that necessitate sudden acceleration and 
deceleration and changes in direction; and to do 
simple tasks such as buttoning clothes, opening a 
safety pin, or handling common tools. Estimates 
of the strength of leg muscles with the patient in 
bed are often unreliable; there may seem to be no 
weakness even though the patient cannot step up 
on a chair or arise from a squatting position Run- 
ning the heel down the front of the other shin, and 
alternately touching the examiner’s finger with the 
toe, then the opposite knee with the heel is the 
only test of coonlination that can be carried out in 
bed. The maintenance of both arms or both legs 
against gravity is a useful test; the weak one, tiring 
first, soon begins to sag. Also abnormalities of move- 
ment and posture and tremors may appear (see 
Chap. 27), 

Tests of Befiex Function. A large variety of tests 
of reflex function have been devised. There are 20 
or 30 special tests that can be performed on the 
foot alone. Most of them can be ignored for all 
practical purposes; it is recommended that only the 
response to stroking the outer part of the sole or 
lateral surface of the foot be used. If the plantar 
reflex is extensor, the others are superfluous; if it 
is equivocal or flexor in tjqje, the other tests cannot 
be taken as substitutes. When in doubt as to the 
nature of the response, an involuntary flexion of 
the leg at the hip, knee, and ankle after a series 
of pinpricks is a valuable confirmation of an ex- 
tensor plantar reflex. The Hoffmann reflex in the 
hand, better called the finger jerk, is merely a 
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tendon rcBex and is not equivalent to the Balmsld 
sign. Tlie bleeps, triceps, and supinator or radial- 
periosteal reflexes, the ioicc and anVJo refletes, and 
the cutaneous abdominal and plantar reflexes per- 
mit an adequate sampling of reflex activi^ of the 
spinal cord. 

Tesths of SemoTij Function. Tlie testing of sen- 
sor)' function is undoubtedly the most difficult 
part of the neurologic examination. If Uie findings 
arc to be reliable, it should be Tcser%cd for Uie end 
of the examination procedure and not prolonged 
for more than a few minutes. Usually an explanation 
of the purpose of the test should be given; )xt too 
mucli discussion of it with a meticulous, intro- 
spective patient may encourage the reporting of 
useless minor variations of slimulm intensity. It is 
well to ask v'hethcr or not stimuli on opposite sides 
of tlic body feel the same, not if they feel different. 
If the patient is lughly suggestible, in wliich case 
sensory tests are unreliable, differences that demand 
further Investigation will not then be reported. 

Tlie skin surface of the body Is large, and it is 
not necessar)' to examine all areas. A quick survey 
of tlie face, neck, ams. trunk, and legs with a pin 
takes only a few seconds. One is of course usually 
seeking differences between the two sides of the 
body, a lewl below which sensation is lost, or a 
zone of rclath'o or absolute anesthesia. Regions of 
sensory deficit can then be tested more carefully 
and mapped out. Ilyperesthctic zones arc usually 
not of much help in diagnosis and more often than 
not arc tlie result of faulty technique; nevertheless 
they may call attention in some patients to areas 
of peripheral sensory disturbance. Variations in 
the sensory findings from one examination to an- 
other reflect differences in technique of examination 
as well as inconsistency fn the responses of the 
patient. 

Light touch, pain, temperature, vibratory, and 
poiition sense should be examined systematically 
in c\ei)’ neurologic case. Stcreognosis, tactile locali- 
zation, two-point discrimination, and the recogni- 
tion of numbers WTitten on the skin afford the 
means of cx'aluating cutaneous perception. If tlie 
patient is an unreliable witness, only a fexv tests 
such ns position and vibratory sense hi the fingers 
and toes, pinprick in hands, tnink, and feet, and 
stcrcognostic sense in hands arc worthwliiJc (sec 
Chap. 2S). 

Tetlin^ Gait and Stance, No examination is com- 
plete without seeing the patiiTil on his feet and 
walking. An ataxia of gait may be the only neuro- 
logic abnomialit)', as in certain cases of cerebellar 
tumor. And, the stance, posture, and lack of certain 
highly aufotn.'ilic adaptive movements may be the 
most definite finding in an early case of p.iral)sis 
agitans. 

. Tlie Comatose Patient. Altlioiigh subject lo ob- 
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\nous limitations, examination of the stuporous or 
comatose patient may yield considerable informa- 
tion concerning the function of the nervous system. 
The special techniques involved have been pre- 
sented in Chap. 34, Coma and Related Disturb- 
ances of Consciousness. 

Tlic demonstration of signs of focal brain disease 
or of meningeal irritation is of aid in the differential 
diagnosis of the diseases which cause coma and arc 
tlie basis of the three s)’ndromcs outlined in Chap. 
34. 

The Psyclwaliic Patient. One is compelled in the 
examination of psychiatric cases to rely less on the 
cooperation of tlie patient and to be unusually 
critical of his statements and opinions. The de- 
pressed patient for example may declare tliat his 
limbs are weak or useless when actually there is 
little or no diminution in muscular power, or the 
psychopathic patient may feign paralysis. The op- 
posite is sometimes true — that the most psychotic 
patient may make accurate observations of his own 
S)-mploms, only to h-ive them ignored because the 
attending physician has been in the habit of disre- 
garding his complaints. 

If the patient will speak and cooperate to the 
sUghtest degree, much may be learned as lo the 
functional integrity of different parts of Uie nervous 
system. Aphasia can, in nearly every instance, bo 
diagnosed by the manner in which Uic patient 
uses words m phrases and sentences, or responds 
to spoken or wntten commands. Often it is possible 
to determine whether there are hallucinations, de- 
fective memory, or other S)Tnptoms of recognizable 
brain disease merely by watching and listening to 
the patient The visual fields can often be tcstwl 
with fair accuracy by observing the patient’s re- 
sponse lo a moving sUmulus or threat in oil four 
quadrants of tlie fields. The tests of crania] nerve, 
motor, and rcflc-X function in the legs, already out- 
lined for the examination of the stuporous and 
comatose patient, can be carried out even better if 
minimal cooperation is olitained from the patient. 
It must be remembered, however, that the neuro- 
logic examination is never complete unless the 
patient will spook and carry out the usual tests. On 
numerous occasions mute patients, judged to be 
schizophrenic, liave liad some widespread cerebral 
disease such as hypoxic or hypoglycemic encepha- 
lopathy, a brain tumor, a vascular lesion, or e.xten- 
sivc dem)elmativc lesions. 

Infants and Small Chiidren. At an early age, 
before a child has learned to speak or cany out 
spoken commands, neurologic disease manifests it- 
self almost exclusively as a disturbance of sensori- 
motor reactions. Many parts of the neurologic ex- 
amination which are of value in testing nervous 
function in adults arc of little use in infants. For 
example, the tendon and plantar reflexes arc seldom 
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of much help. The examination of the optic fundi 
rarely is of value except in amaurotic familial idiocy, 
toxoplasmosis, or tuberous sclerosis. Sensory tests, 
except response to painful stimulation, are not 
worthwhile. More can be learned fay merely sifting 
at the bedside for a few minutes and observing the 
activity of the patient than by attempting special 
tests. Within a few minutes the average infant who 
is awake will move every muscle in the body. 
Rigidity or spasticity of the limbs or paralysis of a 
muscle or group of muscles is easily discovered by 
merely observing these motor performances and by 
manipulating the limbs. 

The neurologic examination of the infant and 
small child should always begin with careful in- 
spection of the head and palpation of the anterior 
fontanel. Peculiarities in the shape and size of the 
skull are often found ><ith brain disease. The head 
is unnaturally small in many cases of amentia with 
gross brain lesions, and unilaterally small with hemi- 
atrophy of the brain. Premature closure of sutures, 
which accounts for odd shapes of the skull, is 
frequently associated with brain disease and de- 
velopmental retardation. And, of course, enlarge- 
ment of the head may occur with hydrocephalus, 
chronic subdural hematoma, and rarely macro- 
cephaly. Retarded children who remain in one 
position because of a postural abnormality due to 
nervous disease may show flattening of the skojU 
on one side. A bony defect, a tuft of hair or a 
peculiarity in the skin over neck and spine permit 
diagnosis of a cranium bliidum or spina blSda (see 
Chap. 283). 

The condition of the infant during the examina- 
tion of sensorimotor functions must be taken into 
account for behavior is variable according to 
whether he is asleep, drowsy, wakeful, hungry, 
contented, premature, frail, sick, or injured. Most 
of the examination procedure should be conducted 
with the infant lying supine, but later some of 
the same tests are performed in the prone, sitting, 
suspended prone or supine, or vertical positions. 
The degree of motor activity is observed and 
TEcoided, and also the predominant postures and 
reactions to direct and indirect passive movement 
of the limbs (resistance to passive movement and 
tone). The cUiary reflex (homolaleral or bilateml 
blink to stroking the eyelashes), the bL’nling 
reflex and pupillary reflexes to a light, the naso- 
palpebral and McCarthy reflexes (homolateral or 
bilateral blinking to tapping eyebrow or root of 
nose, respectively), the auriculocephalic reaction 
(rotation of head to the opposite side when touch- 
ing the ear), tlie cardinal points sign (lip and 
tongue mov'cmcnls and head rotation toward a 
stimulus which touches successively the two angles 
of mouth and center of upper and lower lips), 
doll’s eyes phenomenon on rotating or tilting the 
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head, tonic grasp reaction and tonic reactions of 
plantar flexors and Moro reflex (extension and 
abduction of arms and extension of fingers and 
wrists followed by flexion when the supine infant 
is lifted by arms and then released) should be 
elicited. Evaluation of righting, standing, and 
walking reactions and tendon and plantar reflexes 
(triceps and ankle reflexes often absent) complete 
the examination. 

Visual activi^ assumes particular importance 
after the first 2 or 3 weeks of life. Conjugate move- 
ments of the e)'es in fixating and following a visual 
stimulus develop early. The coordination of hand 
and eye and alertness to a moving stimulus intro- 
duced in various parts of the visual field are 
normally acquired in the first 1 to 3 months. Re- 
tardation in these activities suggests a specific visual 
defect or a general disturbance in nervous dcvelop- 
ment. Attentiveness and response to sounds also 
constitute a good test of sensorimotor organization 
and of adaptive behavior. 

The orgaruzalion of motor activity in head con- 
trol, in grasping and reaching for objects, in sitting, 
crawling, standing, walking, and vocalizing are 
reliable indices of the functional activity of tlie 
nervous ^'stem. Social behavior may later be used 
in the same way as a sign of nervous organization. 
These motor skills and items of adaptive and social 
behavior develop in on orderly sequence; a time- 
table has been established by Cesell and otlicr 
workers. Tlie developmental quotient, a figure ar- 
rived at by comparing chronologic age with devel- 
opmental age, expresses the degree to which motor 
development is retarded. Unless conditioned by 
psychologic factors, a significant degree of retarda- 
tion of development signifies a disease of the brain 
which may prove, as time passes, to be regressive, 
stationaiy, or progressiv’C. The subsequent course 
of the illness should distinguish these three classes 
of disease. A progressive brain disease not only in- 
terferes with Uic normal processes of maturation but 
may cause an actual regression in behavior. 

Neurologic diseases in infancy may be extensive 
without causing obvious focal neurologic signs, and 
it must bo assumed that the functions of a large 
part of the cerebrum and basal ganglions arc inac- 
tive during the early months of life. Cerebellar 
ataxia and motor and sensory paralysis from cere- 
bral lesions may not be recognizable at this time. 
In fact, seizures, general motor inactivity, lack of 
startle reaction, opislliOtonos and abnormal pos- 
tures, poor regulation of breathing, and inability 
to suckle are the only dependable neurologic signs 
during the first days and vveeks of life. 

The author has found the methods of examina- 
tion outlined by GescU and Amatruda and by 
Andrd Tliomas and hfs assodates to be of far 
greater value in infants than those customarily 
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employed by neurologists. However, the limitations 
of a clinical method tliat depends largely on assess- 
ment of the strictly motor aspects of behavior are 
obvious. Experience in pediatric neurology dictates 
caution in prognosticating the potential mental ca- 
pacities of an infant until there is a sufficient degree 
of maturation to permit the testing of the more 
specific sensorial and intellectual faculties of the 
mind. 

IMPORTANCE OF A ^VORKING 
KNOWXEDGE OF NEUROANATOMY 
AND NEUROPHYSIOLOGY 
Once the technique of obtaining reliable clinical 
data is mastered, the student may find himself 
handicapped in the interpretation of the findings 
by a lack of facility in neuroanatomy and neuro- 
physiology. These are highly complex subjects, and 
to acquire a practical working knowledge of them 
is time consuming. Fortunately these subjects are 
taught well in most schools, and those principles 
which are immediately applicable to the clinical 
neurologic problem arc to be found in most text- 
books. 

DIFFERENTIAL DIAGNOSIS 
The differential diagnosis of the cause of a dini- 
cal syndrome requires knowledge of an entirely 
different order. One must be conversant with the 
clinical details and the course and natural history 
of tlie more common disease entities. Many of 
these facts ore simple and well known and can be 
found in any standard te.xtbook on neurology. For 
instance, the distinguishing characteristic of vascu- 
lar disease of the brain is its sudden onset and, if 
death does not occur, the improvement in the pa- 
tient's neurologic status. Similarly, insidious onset 
and slow' progression often punctuated by convul- 
sions are typical of brain tumor. 

The findings in the general medical examination 
are of importance, the fallacy of studying nervous 
S)’mptoms and disregarding tlie general medical 
findings must be obvious. To illustrate-. low-grade 
fever, anemia, heart murmur, and splenomegaly 
mdicate that in a case of unexplained apoplexy sub- 
acute bacterial endocarditis with embolic occlusion 
of a brain artery is the most likely cause. PIeoc)-lo- 
sis in the cerebrospinal fluid with elevated protein, 
abnormal gold sol, and a positive Wassermann test 
reaction establish a syphilitic etiology in a case with 
symptoms of apopIe.xy, a progressive dementia, or 
blindness. 

The anatomic diagnosis may suggest the etiology 
of n disease. Thus when a unilateral Homer’s syn- 
drome, cerebellar ataxia, paralysis of a vocal C(^ 
N and analgesia of the face are combined with loss 
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of pain and temperature sensation in the opposite 
arm, trunk, and leg, an occlusion of the posterior 
inferior cerebellar arteiy is suggested, because all 
the involved structures lie within tlie territory of 
this artery. In a sense the anatomic diagnosis deter- 
mines and limits the possible disease entities. If the 
signs point to disease of the peripheral nerves, it 
is not necessary to consider the causes of disease 
of the spinal cord. Some signs themselves are al- 
most specific, e.g., Argyll Robertson pupils for 
neurosyphilis or oculogyric crises for postenceph- 
abtic parkinsonism. 

if one adheres faithfully to the method of mak- 
ing these clinical observabons, and to the interpre- 
tations and methods of reasoning, neurologic diag- 
nosis becomes relatively simple. In nearly every 
case it will be possible to reach an anatomic diag- 
nosis. The etiology of the disease may prove more 
elusive. Even the most experienced neurologist is 
unable to ascertain the cause of many neurologic 
syndromes. 

THE PURPOSE OF THE CLINICAL 
METHOD OF NEUROLOGY 

Finally, a word about the main purposes of the 
clinical method of neurology. Actually, di-ignosis 
accomplishes two purposes. First it enables the 
physician to decide on tlie proper method of treat- 
ing the ailing patient; and second, it serves as an 
essential method in the scientific study of disease 
by permitbng the identification and segregation of 
clinical phenomena. The medical profession is pri- 
marily concerned with the prevention and cure 
of illness, and all our knowledge is applied to this 
vveU-defined end. The pracUed physician applies 
himself to the diagnosis of diseases for which he 
has an eSecUve treatment. Each of the treatable 
causes of a given syndrome must be carefully con- 
sidered and excluded by cliiucal and laboratory 
methods. In the study of a case of disease of the 
spinal cord one must take special core to diagnose 
a tumor, subacute combined degeneration, spinal 
syphilis, or epidural abscess, for these are the treat- 
able spinal cord diseases. Failure to recognize 
amyotrophic lateral sclerosis is a less serious error 
as far as the patient is concerned. The failure to 
diagnose one case of chronic subdural hematoma is 
more serious than the incorrect diagnosis of several 
cases of brain tumor. 

One cannot agree with those who hold that neu- 
rolo^c diagnosis is merely an intellectual pastime. 
It Is true that means are available for treating only 
a few of the many diseases know-n to affect the 
nervous system. But there is no doubt that the first 
step in the scientific study of a disease process is 
the identification of it in the bving pab'ent. UnbI 
this Is achieved it is impossible to apply adequately 
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the “master method of controlled experiment." The 
clinical method of neurology thus serves both the 
physician in the practical diagnosis and treatment 
of a patient and the clinical scientist who seeks the 
ultimate cause of the disease. 
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DEVELOPMENTAL 
ABNORMALITIES OF 
THE NERVOUS SYSTEM 
Philip R. Dodge and 
Baijmond D. Adams 

The human nervous system is subject to a xw- 
ety of developmental abnormalities which may be 
traced to genetic faults or to diseases acquired in 
utero, at birth, or during the early years of L’fe. 
Some of these conditions arc manifest at birth; 
others may be recognized only in late infancy and 
early childhood, after some degree of maturation 
is attained. Together these diseases comprise a 
large segment of pediatric neurology, and to dis- 
cuss them fully it ivould be necessary to touch 
upon the entire field of nervous disease in infancy 
and childhood. However, in a textbook of medi- 
cine, limitations of space preient the full presenta- 
tion of pediatric disease, .and for tin’s reason only 
those conditions which are likely to come to the 
attention of the internist and general physician are 
considered. 

MAJOR PROBLEMS OF 
PEDIATRIC NEUROLOGY 
The diseases included in this chapter differ from 
most of those acquired in late childhood, adoles- 
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cence, and adult life in that they are likely to cause 
(1) deformity of the skull, spine, and h'mbs, (2) 
delayed or abnormal motor and speech dei’elop- 
ment, (3) or mental retardation. The corollary of 
this axiom is that when any one of these abnormali- 
ties is observed in the adult there is a strong proba- 
bility of a disease of the nervous system that had 
its onset before birth or during infancy or early 
childhood. Understanding fully the significance of 
these three types of abnormiility will enable the 
student or physician to deal effectively with the 
majority of patients who suffer from developmental 
abnormalities. For this reason Ibis chapter is de- 
voted to an exposition of these topics. In addition, 
certain seizure problems pecuL’ar to the pediatric 
age group deserve special consideration here. 

Malformations of the Cranium, Spine, and Limbs 

A congenital abnormality may be defined as a 
structural defect in some tissue or organ of the 
body, which is present at birth. It may be “gross 
or microscopic, on the surface of the body or uTthin 
it, familial or sporadic, hereditary or nonheredltary, 
single or multiple” (Warkany). 

Estimates as to the incidence of congenital ab- 
normalities of the nervous system vary substan- 
tially, depending upon the definiOon adopted by 
the reporter and the time in life when the survey 
was made. Malpos found a congenital malformation 
of the nervous system in approximately 1 per cent 
of 13,000 births, and McIntosh and his associates 
gh'e a figure of 1.3 per cent of total births, 7.2 per 
cent of stillbirths, 6.1 per cent of infants dying in 
Uie first days of life, and 1.1 per cent of live births. 
Malformations of the central nervous system are of 
impoitoncc in stillbirth and infantile mortality. 
They cause 76 per cent of all fetal deaths prior to 
birth and 39 per cent of deaths in the first year of 
life according to Record and McKeown. As \ras 
pointed out by Murphy, the nervous system is in- 
volved in 60 per cent of all patients with a con- 
genital malformation. 

General understanding of these malformations 
has been advanced by experimental teratology, a 
branch of biology that seeks the causes of abnor- 
malities of structural development. In the progeny 
of animals possessing certain abnormal genes, de- 
velopmental abnormalities can be predicted in 
ratios that agree with established genetic laws. 
Equally predictable results have been obtained by 
subjecting the embryo or fetus, under controlled 
conditions, to certain environmental stresses. X-ray, 
hypoxia, deficient diet, viral infections, and toxic 
substances have been shosvn to induce a variety of 
defects in the central nervous system, depending 
on the stage of embryogenesis at which the noxious 
agent is applied to the pregnant animal. These 
genetically and environmentally determined mal- 
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formations serve as e’tperimental models whidi can 
be investigated to great advantage. 

In Iiuman beings both genetic and environmental 
factors Jiavc been established in the production of 
congenital defects. Neurofibromatosis (\*on Reck- 
linghausen), craniofacial dysostosis (Crouzon), 
optic atrophy (Leber), and craniostenosis wlh 
spdaclylism (Apert) have a dominant pattern of 
inheritance, whereas the lipid storage diseases (Tay- 
Sachs) and gargoylism (Hurler), phenylketonuria, 
bcpatolenliculai degeneration (Wdson), Halle\’or- 
den-Spatz disease, and galactosemia are examples 
of disease inhented according to a recessive pat- 
tern. Specific enzymes are found to be Jacking in 
some of these diseases and are suspected of being 
absent in others. Examples of malformations due 
to the action of a noxious .agent during human de- 
velopment are less numerous. Exposure to roentgen 
radiation during the first trimester of pregnancy is 
said to produce rnicrocephaly and mental defect. 
Maternal infection with German measles (rubella) 
during the first trimester of pregnancy may result 
in mental defect, deafness, cataracts, and heart dis- 
ease In the newborn. Toxoplasmosis. cytomegiVic 
inclusion disease, and syphilis may damage the 
fetal nervous system in the latter half of the period 
of intrauterine life. Isoimmunization by Rh and 
ARO Wood factors may affect the ners-ous system 
during the first days of postnatal life, Icariag in its 
Make a permanent mental defect, chorcoatlietosis, 
and deafness. 

AbncrmalUles of the Head 

Alterations in the size and shape of the head, 
when observed in the adult, can usually be traced 
to infancy At least three separate factors are opera- 
tive: (1) the growth thrust of the developing brain 
and the intracranial pressure, (2) the time at 
vvhicli the suture lines close, (3) the existence of 
external pressures against the skull. In addition a 
depressed fracture, cephalohcmatoma, cranioccle, 
or tumor may cause a localized cephalic deformity. 

It is the constant outward pressure of the de- 
veloping brain which under normal circumstances 
causes the head to enlarge rapidly in the Erst 
montlis and years of life. Any disease which de- 
stroys a substantial portion of the cerebral hemi- 
spheres in infancy will usu.nlly result in micro- 
cephaly. Excessive intracranial pressure, as from 
hjdrocephalus or chronic subdural hematomas, will 
enlarge the head to an abnormal degree. Focal 
lesions, e.g., doslniction of one hemisphere, result 
m smallness of the skull on tliat side, just as a 
unilateral subdural hematoma enlarges it. Regard- 
ing premature closure of the sutures (synostosis), it 
should be noted that this ma)’ occur without ab- 
nonnaht)' of the brain. If all sutures close, cranial 
expansion Is prevented; or if some sutures chisc 


and others remain open, enlargement will occur 
only at the latter sites, and the skull then becomes 
deformed. A flattening of one side of the he-ad 
(plagioccpbaly) often is found in defecbve or sick 
mfants who lie in one position for prolonged periods 
of time. The weight of the head against tlie bed 
prevents part of the skull from e.xpanding but the 
cranial capacity is usually undiminished, for there 
is a bulge in another direction; for example, flatten- 
ing m one occipit.al region is usually associated with 
frontal prominence on the same side. This deform- 
ity will persist, if the abnormal positioning con- 
Unties beyond the period of ma.ximal brain growtli. 
Congenita! depressions have been observ'cd to re- 
sult from the prolonged pressure of a fetal hand or 
foot against the cranial bones In utero. 

Macrocephaly (Enlargement of tlic Head). A 
general enlargement of the head must be distin- 
guished from a misshapen head, one that is en- 
larged in one direction only. Three different con- 
ditions must be considered in the differenU'al diag- 
nosis— Infanlde hydrocephalus, infantile chronic 
subdural bematoma, and macroenccphaly. 

Jhjdrocophoius. This most frequent cause of en- 
largement of the head is the only condition in 
which there is enormous enlargement. The majority 
of severely hydrocephalic infants die within a few 
months or years and are not seen by internists, but 
a few linger on Sometimes the hydroceplialus be- 
comes arrested and there is a long-term sunivaL 
Hydrocephalus was discussed in Chap. 32. 

Hydrocephalus due to congenital catises may ap- 
pear years after birth. If the sutures have already 
closed (after the twelfth year), the head cannot 
enlarge and the hydrocephalus is poorly tolerated. 
Increased intracranial pressure with papilledema, 
vomiting, and mental dullness arc the usual signs. 

The usual causes of hydrocephalus are: 

I. Amofd-Chlari malformation tcilh spina bifida 
and meningomyelocele. 

2 Atresia or stenosis of the aqueduct of Stjhiiis 
with obstructive hydrocephalus and a sm.i!I, nor- 
mal-appearing posterior fossa. Tliis may be an 
inherit^ nbnorm.nlity, an accompaniment of an 
Aniold-Chiari malformation or of neurofibromato- 
sis, or the result of a chronic meningoependyma! 
mflaramation. 

3. Mresla of the foramens of Luschka and 
Jfagcndic (DandijAVolkcr syndrome) with ob- 
structive hydrocephalus and enlargement of the 
posterior fossa. Here the basal foramens fad to 
form or are scaled off, and the cerebrospinal fluid 
cannot enter the subarachnoid space. 

4. Chronic meningitis with communicating or 
obstructive hydrocephalus. This is due to oblitera- 
tion of the sub.irachnoid space over the brain stem 
and/or olistruclion of the foramens of Luschka and 
Magcndie. The meningitis may be due to syphilis. 
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toxoplasmosis, a chronic pyogenic or other infec- 
tion. 

5. A tumor of the fourth ventricle (medoHo- 
blastoma, ependymoma, or teratoma), of the third 
ventricle (craniopharyngfoma), or of the pineal 
body (teratoma) may cause obstructive hydro- 
cephalus (see Chap. 286). 

6. Other conditions such as hypertrophy of the 
choroid plexuses and achondroplastic dwarfism 
with hydrocephalus are occasionally observed; and 
finally there is always a large number of patients 
with hydrocephalus, particularly of the communi- 
cating type, in which a cause can never be estab- 
lished. 

Subdural Hematoma and Elusion in Injancy. 
This is a not infrequent cause of a symmetric en- 
largement of the skull. It may occur in several cir- 
cumstances: (1) trauma to the head at birth or 
later, (2) ualh bleeding diseases or in poorly 
nourished, sickly infants, some of whom are said to 
have had scurvy, (3) in association with pyogenic 
meningitis, and (4) secondary to encephaloclasWc 
disease processes with brain atrophy or rarely the 
result of rapid shrinkage due to hypertonicily. In 
acute subdural hematoma the symptoms are the 
same as those described in Chap. 283 on head 
injury. In the chronic subdural hematoma of in- 
fancy the initial symptoms are usually irritability, 
vomiting, and seizures. Later tlie cranium enlarges, 
symmetrically as a rule, evert though the subdural 
hematoma is unilateral. X-rays of the skull even 
years later will reveal that a characteristic enlarge- 
ment of the middle cranial fossa has occurred, fol- 
lowed later, after resorption or removal of the dot, 
by thickening of the skull and enlargement of the 
frontal and ethmoidal sinuses (Davidoff and 
Dyke). 

Macroenceplialtj, This is a rare cause of enlarge- 
ment of the head. The brain is malformed and 
greatly increased in size; specimens weighing over 
2,500 Cm have been recorded. Mental retardation, 
feebleness of movement, and enlargement of the 
head with small ventricles arc the criteria for clini- 
cal diagnosis. Macroencephaly is characteristically 
found in chronic Tay-Sachs disease, gargoylism. 
spongy degeneration of the brain (Canavan), some 
cases of achondroplastic dwarfism, and the leuko- 
dystrophy associated with hyalin bodies. 

The diagnosis of hydrocephalus is usually estab- 
lished by injecting air directly into the dilated 
s'enlricles. In the infant this is usually done by 
inserting a needle through the lateral border of 
the anterior fontanel. The subdural space can also 
be entered during this maneuver, and the aspira- 
tion of it will rule out chronic subdural hematoma. 
If the cortical mantle is thin or the subarachnoid 
space dilated, cerebrospinal fluid may be obtained 
and mistaken for subdural fluid. The latter is usu- 
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aDy xanthochromic, with a total protein content of 
300 to 2,000 mg per 100 ml. In the older child or 
adult, pneumoenceph.ilography, burr holes, and in- 
spection of the dura must be used. Macroencephaly 
is distinguished by the small lateral and third ven- 
tricles. Tlie entrance into the ventricles of air that 
has been introduced into the lumbar subarachnoid 
space, or the passage of a dye such a phenol- 
sulfonphthalein, injected into the lateral ventricles, 
to the lumbar subaraelinoid space, is of help in 
determining whether or not the hydrocephalus is 
due to an obstruction in the ventricular system (o6- 
stnictioe hydrocephalus) or is nonobsfructioc (also 
called communicating hydrocephalus). The latter is 
usually due to obliteration of subarachnoid space 
over the medulla, pons, and midbrain by a fibrosing 
mcnin^Us. Thrombosis of the superior sagittal 
sinus may cause headache and eles'ated intracranial 
pressure but does not e.xpand the s’entriclcs. 

The treatment of these conditions is relatively 
imsatisfactoiy. If the hydrocephalus has stabilized, 
i.e., the head is no longer enlarging, no treatment 
should be undertaken. If the head is large and the 
patient is mentally enfeebled or has other serious 
malformations, surgical therapy is ill-advised. If 
the hydrocephalus is definitely progressive but the 
patient's neurologic status is good, operative treat- 
ment is indicated. The introduction of ventricu- 
loalriostomy in which the cerebrospinal fluid is 
shunted from the occipital horn of the lateral ven- 
tricle of the brain to the right atrium of heart by a 
tube with one-way valves is applicable to the treat- 
ment of all types of hydrocephalus and has l-argcly 
replaced other forms of surgical treatment. In cer- 
tain instances of obstructive hydrocephalus, the 
Torkildsen procedure (short-circuiting the fluid 
through a tube from the occipital horn of the lat- 
eral ventricle to the cistema magna) may be used. 
The treatment of chronic subdural effusion is re- 
peated percutaneous aspiration by needle; and in 
some cases removal of the membranes enclosing 
the subdural hematoma must be carried out at a 
later stage. Nothing can be done about macro- 
cnccphaly. 

Deformity of the Sknill. The usual cause of a 
severely misshapen bead in the adolescent or adult 
is cranial dysostosis. The cause of this premature 
fusion, or 5)110310815, of one or several cranial 
sutures is unknovvn, but the most plausible expla- 
nation is that the tnesench)!^!! tissues which form 
the cranial bones arc defective, the premature ossi- 
ficatmn being secondary. The occasional association 
of cranial sj-nostosis with sjudacty'lism (Aperts 
syndrome) nas been cited in support of this hy- 
pothesis. The developmental defect and sj-noslosis 
are believed to date from intrauterine life. Closure 
of the sagittal suture results in an elongated, doli- 
cluicephalic head to which the term scaphocephaly 
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is applied. \Vl)en the coronal suture fuses prema- 
turely, the growth is restricted in the anlcrtqHote- 
rior diameter, and only lateral and, to a lesser 
extent, \'ertical enlargement may occur. ITus con- 
dition is called hrachijcephahj (wide skull) or aero- 
hrachtjeephahj. Sjiiostosis of all sutures lea\'es tfie 
cranium small but usually with the greatest growth 
in the vertical direction, the so-called oxycephaly 
or turrcnccphahj. Thgioccphaly refers to an a^rm- 
metric deformity of the sloJi which may be due to 
S}TiOstosis of a single coronal suture or to the 
application of some external force. CrouzofCs croni~ 
ofacial dysostosis scaphoceidxaly is associated with 
a “beak nose.” This condition is inherited as a 
mendelian dominant. In Aperts syndrome webbed 
or “mitten" fingers and toes are combined with 
acrobrachyceplialy. Hypertelorism, as desenbed by 
Greig in 1924, is a rare deformity characterized hy 
wide separation of tlie ej'cs and a flat, retracted 
bridge of the nose. Mental retardation frequently 
accompanies the deformity. The primary abnormal' 
ily has usually been ascribed to an abnormally large 
lesser wing of the sphenoid bone. In ses'eral in- 
stances a dominant mode of inheritance has been 
found. 

The most serious complication of s}'noslosis of 
sutures is a gradual increase in intracranial pres- 
sure which occurs during the most active growth 
period of the brain. This tends to be less marked in 
patients with scaphocephaly than in those widt 
acrobrachycephaly. In these patients the orbits are 
shallow and the eyes bulge Headache, divergent 
stiabistnus, papillraema, optic atrophy and later 
blindness, nystagmus, mental retardation, and be- 
havioral abnormalities are the most stnking clinical 
nunifestations. Usually the patients require medi- 
cal attention within the first 2 or 3 years of life, 
though it may be needed later. In roentgenograms 
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volvcment, prominence of convolutional markings, 
and a depression and smallness of the sella turcica. 

In the absence of increased intracranial pressure, 
the diagnosis of premature closure of the sutures 
should always raise the suspicion of defective 
growth of the brain (see below. Microcephaly). 

Tlie treatment of primary craniosynostosis is 
surgical, and if it is to be effective in preventing 
permanent injury to the brain, it should probably 
be earned out early in life, particularly if one has 
any intention of lessemng the skull deformity. The 
operative procedure is one of making artificial 
suture lines by removing pieces of bone and insert- 
ing a plastic material in their place to prevent 
regrowth. Occasionally tliis results in a strikurg 
improvement in mental function and behavior, 
even In an older child in whom the dbgnoris had 
not been made early in life. In other eases progres- 
sion of die illness is lialted. Faflure to improve even 
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when surgery has been performed early suggests 
that the brain defect is independent of the cranial 
abnormality. 

Microcephaly. This term is used to designate any 
condition in which there is an abnormally small 
head. An occipitofrontal drcumference of less than 
19 In. beyond the age of ten years Is given as the 
dividing line between normal and abnormal. Micro- 
cephaly is accompanied by a reduction in tbe mass 
of the brain, and two types of pathologic change 
have been reported There is one form in which tlie 
growth disturbance appears to be the sole factor; 
the brain, except for its smallness, has a normal 
appearance. This is called microcephaly vera. The 
other is a focal arrest of growth due either to 
embryonal failure in development of a part of the 
cerebral hemisphere (schzencephahj) or to an ac- 
quired disease which has resulted in destruction of 
one, or both, of the cerebral hemispheres (en- 
ccphalodaslic microcephaly). 

Microcephaly vera may occur in several racin- 
bers of one generation of a family and can often 
be linked to a recessive gene. The head tends W 
be extraordinarily small, usually measuring 15 in- 
or less in circumference. It is usually of symmetric 
shape and owing to the Jack of frontal prominence 
resembles the sl^ of a monkey. The ears are large 
and often malformed. The neurologic picture 
varies. All patients show simple mental retardation 
of moderate or severe degree. Seizures and quad* 
nparcsis have been described in some patients but 
in the authors’ experience are much less frequent 
than in the other forms of microcephaly. Those 
cases wnth focal arrest of growth or destruction 
of cerebral tissue, schlzencephaly, and encepltelo' 
cfoaflc miCTOCcpfioIy exhibit a wide varied of 
clinical findings. The mental state in the most 
severe cases is usually that of an idiot, and all cere- 
bxol {'js.cyjw.E fid \t> kw ktict. t.V»% cErebx?! 

hemispheres may’ be represented only by mem- 
branes filled with clear or yellowish fluid, hydra- 
nencephaly. In others, in which the cerebral defect 
is restricted to one cerebral hemisphere or part of a 
hemisphere, there may be hemiplegia with a small 
ann and leg, gross hemianesthesia, homonymous 
hemianopia, and seizures with lesser degrees of 
mental backwardness. The skull on the side of the 
damaged hemisphere is smaller, and in roentgeno- 
grams tlie frontoparietal bones are thick, the middle 
fossa is shallow, and the paranasal sinuses are 
enlarged. 

AlmormaUlies of the Spine of 
Neurologic Significance 

There is a remark-able variety of neurologic syn- 
dromes which include an abnormality of the ver- 
tebr.vl column. Some of these, hke hemivertebra, 
platybasia. fusion of the atlas and occiput or of 
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vertebras (Klippel-Feil syndrome), or congenilal 
dislocation of the atlas, arc the consequence of a 
malformation of the spine itself, and the enclosed 
spinal cord may or may not be involved. Others, 
such as spina bifida occulta, spinal meningocele 
or myelomeningocele, or dysraphism, ins'olve the 
whole neural tube, including spinal cord, investing 
meninges, vertebral bodies, and even the overlying 
skin and subcutaneous tissues. 

In many of these patients the neurologic defect 
which appears in infanej’ docs not shorten life; in 
others it may be recognized only during adult life. 

Primary Malformations of Vertebras. These are 
most frequent in the ccrs'ico-occipital region. 

The Klippel'Feil Deformity. This abnormality 
consists of maldevelopment and fusion of two or 
more cervical vertebras, resulUng in a short neck 
of limited mobility'. The hairline is low, often at 
the le\‘el of the first thoracic ^•ertebra. There may 
or may not be associated neurologic symptoms or 
signs. The importance of the spinal deformity lies 
in its frequent association u’ith other abnormrUibes, 
especially platybasia and syringomyelia. 

riatybasla (Basilar Jmpression). In this malde- 
velopment of the base of the skull there Is in- 
s’aginatlon of the occiput and upper ccrN'ica! spine 
into the posterior fossa. Often the foramen magnum 
itself is imperfectly developed or the atlas and 
occiput are fused. The exact tcratogcncsis of this 
anomaly Is uncertain. It may in some instances be 
asymptomatic, but frequently there is "crowding,’’ 
distortion, or compression of the spinal cord, me- 
dulla, and cranial and spinal nerves. The resulting 
clinical picture is variable. Symptoms may be pres- 
ent from early life or may begin in late childhood, 
adolescence, or even adult years. Early symptoms, 
in patients old enough to give a history, consist of 
"dizzy” or "weak" spells, occipital neuralgia, tran- 
sient paresthesias in the occipital region, neck, or 
arm, double vision, facial paresthesias and deaf- 
ness, cerebellar ataxia, and spastic weakness of the 
legs. The symptoms m.iy at first be intermittent and 
at any time in the course of the illness may be ag- 
gravated by straining, moving the head, or placing 
the head and neck in certain positions. Inspection 
alone provides a clue to diagnosis The whole con- 
figuration of the head and neck is unnatural. The 
neck is short; the ears and hairline are low; neck 
movements are obviously restricted; and the nor- 
mal cervical lordosis is lost or greatly e.xaggeraled, 
sometimes to the extent that the occiput lies almost 
on the upper dorsal spine and shoulders. 

Platybasia and these related anomalies of the 
spine should be suspected in ah cases presenting 
progressive cerebellar, brain stem, and cervical cord 
syndromes. Many of these patients have been diag- 
nosed as having multiple sclerosis. The clinical 
suspicion of platybasia can be confirmed by a true 


lateral roentgenogram of the skull. In such a pro- 
jection the c.vtension of a line drawn from the hard 
palate and posterior border of iho foramen mag- 
num (Chamberlain’s line) and another through the 
spine and body of the first cervical vertebra (Bull's 
line), instead of being more or less parallel as they 
normally are, intersect when extended. This has 
proved to be the most useful measurement. Cham- 
berlain’s basal angle, obtained by drawing lines 
along the hard pdate and cUvus, is greater titan 
135" in pkUybasia. Also, when visible, 5ie odontoid 
process may project above Chamberlain's line. In 
Towne's view of the skull, a malformation or coarc- 
tation of the foramen magnum is occasionally 
found. An acquired form of platybasia occurs with 
rickets and Paget's disease. It is usually asympto- 
matic. 

The Arnold-Chiari Malformation. This condition, 
in which medulla and inferior-posterior portions 
of the cerebellar hemispheres project caudally 
tlirough the foramen magnum, often to the level 
of the second cervical vertebra, has already been 
mentioned as a cause of hydrocephalus. When 
present it is nearly always associated with a spinal 
meningocele or myelomeningocele, and often there 
are deformities of the cervical spine and cervieo- 
occipital junction. The sjTOptoins of hydrocephalus 
dominate the clinical picture in infants, but m 
milder cases, there may develop during adolescence 
or adult years any one of the several syndromes al- 
ready described under platybasia. When platybasia 
and Uie Amold-Chiari malformation coexist, it is 
generally impossible to decide which of the two is 
responsible for the clinical findings. 

The cause of the Amold-Chian malformation it- 
self has been the subject of speculation. It has been 
suggested that the hydrocephalus is primary and 
that the displacement of the medulla and cerebel- 
lum through the foramen magnum is secondary to 
pressure from above. The close relationship to 
spinal myelomeningocele casts doubt on this expla- 
nation. The more generally accepted hypodiesis is 
that the associated myelomeningocele causes down- 
ward traction on structures in the posterior fossa 
because of fixation of the cord to the vertebral 
column prior to the period when the growth of the 
vertebral column outstrips that of the spinal cord. 
The cerebrospinal fluid then Hows from the fourth 
ventricle into the cervical canal, cannot reenter the 
cranial cavity, and therefore is not reabsorbed. 
Also the aqueduct of Sylvius is elongated and 
sometimes critically narrowed (traction stenosis), 
which may itself account for the hydrocephalus. 
This is not the mechanism in all cases, however, 
for eiramples of the Amold-Chiari malfoimation 
have been observed without exadence of myelo- 
meningocele or hydrocephalus. Dysraphism of the 
spinal cord, which resembles syringomyelia, may 
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accompany both pbtyhasLa and Amold-Chiari mal* 
tomation and manifests itself by segmental \veak- 
ncss, atrophy, areflexia, and sensory loss in the 
arms and hands Syringomyelia may also occur. 

Methods of treatment of plalybasia and die 
Amold-Chiari malformation have not been entirely 
saUsfactory. If clinical progression Is slight or un- 
certain, it is probably adwsable to do nothing. If 
progression is certain and disability is increasing, 
upper ecrvic.il Jamincctomy and enlargement of the 
foramen magnum are indicated. Sometimes these 
procedures halt the course of the illness or result 
in improvement. The surgical procedure must be 
done cautiously, however, for extensive manlpula* 
tion of these structures may aggravate the symp- 
toms or even cause death. 

Malformaliona Associated wilh a Defect in C/o- 
sure of the Neural Arch. There are many defonni- 
lies along the posterior surface of the body that 
are accompanied by an abnormality in the forma- 
tion of the posterior aspect of the neural arch and 
closure of the primitive neural tube. The entire 
neural canal, including the cranium, may fail to 
close (craniorhachischUis totalis), or there may be 
only a minute defect in one or more of the vertebral 
arches, demonstrable by roentgenograms (spina 
hlfda occulta). The latter is said to occur in one- 
quarter of the population. It has been estimated 
tiiat in approximately one of every 900 births there 
Is a serious closure defect in the spine, or more 
rarely m the cranium. 

The neural tube is closed and has been separated 
completely from the anlage of the sVeleton by ap- 
roximatcly the third week of intrautenne life; and 
y tfirce months the neural arches are completely 
fused along their dorsal aspect. The defects under 
discussion must, then, have originated during the 
carl)’ weeks of embryonic life, in all probability by 
the middle of the first month Tl\e sWletal malfor- 
mations may arise at any time prior to the end of 
the third month The not infrequent occurrence of 
some of these defects in several siblings suggests 
a genetic origin svith a recessive mode of inherit- 
ance 

Defects of this type may be found at any point 
along the neuraxis. They are most frequent in the 
lumbosacral and cranial regions, less frequent ui 
the cerx-ical region, and rare in the thoracic region. 
The character of the abnormality x'aries. There 
may be an outpouching of neural elements (nerve 
root and cord) through a defect in mescndiyroal 
tissue and skin (mi/e/omeningoccfe); less often, 
actually in less than one-fifth of all cases, only a 
thin-walled cyst composed of meninges and con- 
taining no neural tissue can be found. The cranial 
defect similarly may consist of an cnccphaloccle 
with cvagination of cerebral tissue and meninges 
througli a midline defect in the membranous bones 
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of the skull These are most often occipital in loca- 
tion, though a few may be fiontal, presenting either 
anteriorly or inferiorly into the nasal cavity. Prob- 
ably the most astonishing cranial defect of all, and 
one nearly as frequent as the myelomeningocele, is 
anencephaltj. In ^is condition tfiere is a gross de- 
fect or absence of the membranous bones of the 
skuU; the cerebral hcmispbercs and corpus striatum 
are also absent, and the remainder of the brain is 
grossly malformed. Patients ivith severe defects of 
this type usually do not survive. 

MENINGOCELE AND MYFLOME.VIVCOCELE. Mcm'n- 

gocele may exist alone and unaccompanied by any 
^■mptoms or signs Myelomeningocele, in contrast, 
is associated with some dysfunebon of those nerv- 
ous structures that be svithin the wall of the sac. 
The signs may be minimal, limited to sensorimotor 
rlysfunction of a few segments, or pronounced, with 
total paraplegia and incontinence of urine and feces 
Severe paralysis and wasting of muscles in the legs 
may result in contractures and various skeletal de- 
formities such as cluhfoot or arthro^rijposis multi- 
plex congenita (see Malformations of the Extremi- 
ties, further on in this chapter), Such cases show a 
susceptibility to decubitus ulcers, and not infre- 
quenUy there is infection of the sac and neighbonng 
tissues. Wben the defect involves only the mcnmggs 
or a few roots. tJie neurologic defect may not be 
apparent at birth After a year or two attention is 
directed toward this possibility by the discovery of 
contracture, feebleness of movement, smallness of 
muscles of the legs, or by some urologic disorder. 

The decision to operate upon these infants with 
total paral)'sis of tJie legs and of the rectal and 
bladder sphincters may be questioned. One must be 
alert to the development of hydrocephalus, either 
before or after operation on the spinal lesion This 
almost alwajs means an associated Amold-Chiari 
malformation, as already stated. Some of these 
cases can be helped by craniocervical decompres- 
sion. 

SINUS TRACTS AND CONCE.VITAL CV8TS. ThcsC arC 
often indicated by a small dimple in the skin or by 
a luft of hairs along tlie posterior surface of the 
body in the midline. These signs occur most often 
in the lumbosacral and ocdpital regions and are 
thought to represent failure of closure of the an- 
terior or posterior neuropores (The pilonidal sinus, 
in the opinion of the authors, should not be in- 
cluded in llus group.) Small sinus tracts may exist 
at these points and are of clinical importance be- 
cause they frequently connect WTth the central 
nervous system or its coverings and are not uncom- 
monly associated with dermoid cysts at the central 
end of Uie tract. These cj’sts most often occur in 
the cerebellum or in the lumbosacral regions, and 
the sinus tracts which connect them to the skin 
provide free access for bacteria and are often a 
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source of abscess and recurrent meningitis. Evi- 
dence of such tracts should be sought in every 
instance of meningitis in children and adolescents, 
especially when infection has recurred. 

There are in addition other congenital cysts and 
tumors which may produce progressive symptoms 
and signs by compressing the spinal cord or by im* 
plicating nerve roots. 

DiASTEMATOMTELiA. This is another unusual ab- 
normality of the spinal cord. Here a bony spicule 
or ridge protrudes into the spinal canal from the 
body of one of the thoracic or upper lumbar verte- 
bras. If the bony abnormality is in the thorarfc 
region, there will be duplication of, or splitting of, 
the spinal cord (diplomyelia). As the vertebral col- 
umn grows, traction is exerted on the less rapidly 
growing cord. The stretched spinab cord is injured 
("traction myelopathy*), with classical manifesta- 
tions of urinary and fecal incontinence and sensori- 
motor dysfunction in the legs. A patch of hair and 
some degree of spina bifida is reported to overlie 
the lesion in more than half the cases. The diag- 
nosis can be made by roentgenograms and mydo- 
gram and the bony spicule removed by surgery. 

These spinal abnormalities are of particular inter- 
est to internists when they begin to produce symp- 
toms for the first time in an adolescent or adult. 
Several dinlcal syndromes have been delineated: 
(1) Progressive spastic weakness of the legs dur- 
ing late childhood or adolescence in a patient 
known to have had a meningocele or myelomenin- 
gocele. Presumably the spinal cord, wmch is se- 
curely attached to the lumbar vertebras, is stretched 
during the period of rapid lengthening of the verte- 
bral column. (2) An acute cauda equina syndrome 
following some unusual activity or incident, e.g., 
rowing or a laB in a sitting position, in patients 
who have bad an asymptomatic or symptomatic 
spina bifida or meningocele. The implicated sensory 
and motor roots are beh'eved to be injured by sud- 
den or repeated stretching. Weakness of bladder 
control, impotence (in the male), numbness of feet 
and legs, or foot drop comprise the clinical 
drome. (3) Syringomyelia. (4) Progressive cauda 
equina syndrome due to a lipoma or dennoid in the 
lumbosacral region. 

sTRiNcoMYELiA. This term refers to a cavity 
(Greek syrinx meaning pipe or tube). The cavity 
occupies the central parts of the spinal cord in the 
cervical region but may extend upward into the 
medulla oblongata (syringobulbia) or dorvnward 
into thoracic or even lumbar segments. In ap- 
proximately IS per cent of cases studied post mor- 
tem an intramedullary tumor (hemangioblastoma 
or glioma) has been found in or near some part of 
the syrinx. The syrinx is independent of the central 
canal and replaces the gray matter of the posterior 
or anterior horns of the spinal cord and also in- 
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temipts the crossing pain, and temperature fibers in 
the anterior commissure in several successive cord 
segments. The cavity is lined with astrocytic glia 
and thick-walled blood vessels. It may enlarge the 
spinal cord and even widen the interpedicular 
^aces. but the cerebrospinal fluid in the cavity 
always has a relatively low protein. The cause is 
unknowm. Familial incidence is rare. A blaslomatous 
fonnation akin to tuberous sclerosis or central von 
Recklinghausen’s disease but with tendency for the 
abnormal tissue to cavitate is the most plausible 
explanation. 

The clinical triad upon which the diagnosis is 
based consists of (1) segmental sensory Io5S or 
dissociation (loss of pain and temperature and 
preservarion of touch) over neck, shoulders, and 
arms, (2) amyotrophy, and (3) thoracic scoliosis. 
Symptoms usually begin in late childhood, ado- 
lescence, or adult life and progress irregularly, 
often being arrested for long periods of time. The 
segmental sensory loss or dissociation and amyotro- 
phy are caused by cavitation of the gray matter of 
the posterior columns or ventral commissure, re- 
spectively. Analgesia and thermanesthesia account 
for severe painless ulcers, injuries, and bums so 
often sustained by patients with syringomyelia; 
Charcot joints, also common in this ^ease, result 
from painless injury of the joint tissue. Areflexia 
without atrophy may be due to involvement of the 
afferent limb of the reflex arc; destruction of 
anterior hom cells is probably the more frequent 
cause, particularly if accompanied by muscle atro- 
phy. A useful clinical rule is that a neurologic 
disease which leaves all deep tendon reflexes in the 
anus intact is probably not syringomyelia. A Hor- 
ner’s syndrome on the afiected side may result from 
involvement ol cells of the intermedial lateral cell 
column of the eighth cervical to first thoracic seg- 
ments of the spinal cord. Pyramidal tract signs in 
the legs tend to appear late in the course of the 
disease and are attributable to extension of the 
syrinx into the lateral columns of the cord, the 
decussation of corticospinal tracts at the first cervi- 
cal segment, or compression of these tracts by a 
distended syrinx. If die cavity enlarges the spinal 
cord, a spinal subarachnoid block may result, and 
prolonged pressure may cause widening of the 
spinal canal and erosion of pedicles. The l^ho- 
scoliosis, which may antedate other evidence of 
disease by several years, is thought to result from 
weakness due to asymmetrical involvement of 
anterior horns in the thoracic region. 

A syrva. in the brain stem (syringobulbia) 
usually extends into the lateral tegmentum of the 
medulla, being so placed as to result in nystagmus 
and sensory impairment over one or both sides of 
the face- Unilateral palatal .and vocal cord paraly- 
sis as well as weakness and atrophy of one side of 
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the tongue are other dinical signs \\’h{ch call atten- 
tion to lesions at this level of the neuraxis. 

The association of cavitation of the spinal cord 
with myelomeningocele (so-called myelodysplasia), 
Amold-Cliiari malformation, platybasia, and other 
congenital defects about the cerv'icocranial junc- 
tion has been commented on in previous sections. 

The treatment of syringomyelia is unsatisfactory. 
The fact that the disease process may remain sta- 
tionary for some months or years before progressing 
makes evaluation of any mode of therapy difficult. 
Decompression of a distended syrinx may alleviate 
temporarily those symptoms and signs resulting 
from local compression of ascending and descending 
spinal tracts, but relief is seldom lasting. The results 
of x-ray treatment, based on the belirf that qrmp- 
toms result from a gliomatous malformation of the 
cord whidi subsequently caNatates, have been dif- 
ficult to evaluate. It is worth a trial. 

Mol/ormalions 0 / the fotremUics 

A variety of primary skeletal defects, such as 
absence of or Increase in number of digits or ex- 
tremities, fusion or webbing of digits (syndactyl- 
ism), deformity of digits or limbs or abnonnalities 
of size have neurologic import, for they lend to b« 
associated >vith malformations of the central nerv- 
ous system. For example, syndactylism is frequently 
combined with oxyceph^y (Apert's syndrome). In 
mongolism the mth digit is usually short and 
curved, the hands are broad and slmian-hke, and 
there fs usually only a single transverse crease In 
the palm. In arachnodactyly the digits ore long and 
tnpenng, a conditiem frequently bnked to disease of 
tlie aorta and congenital heart disease and to dis- 
location of the lens (cf. Marfan's syndrome. Chap. 
292). 

Shortening of all the extremities uilh normal 
growth of the trunk is characteristic of achon- 
droplasia. In Morquio’s syndrome both the trunk 
and the hmbs are short and deformed. Thus dwarf- 
ism may be importantly hnked in this condition 
with a neurologic abnonnality, just as it is in 
cretinism, mongolism, and gargoylism. The suffer- 
ers from these several neurologic diseases in which 
growth is stunted may be referred to collectively as 
“amented midgets”; and since many of them reach 
adult years, they must be treated by general prac- 
titioners, internists, and surgeons for other diseases 
which develop during this age period. 

In some cases the defonnity of the extremities is 
the direct consequence of a congenita] ncuromus' 
cular defect. In fact this liappens so often that 
whenever deformities of the limbs are known to 
have bcgim early in life one should at once cvahialc 
the status of the ncrs'ous system. In most cases of 
chihfoot (talipes equinovarus), no abnormality of 
the nervous system can be ascertained. In a few. 


however, the deformity results from paralysis of 
the anterior tiblal and peroneal muscles due to a 
primary defect in the anterior hom cells of the 
lumbo acral segments of the spinal cord. Tlie con- 
tracture of calf muscles is secondary. M'idespread 
weakness and contractures of many limb muscles 
may cause extensive deformities (crihrogrt/posis 
multiplex or amtjoplasia congenita). This syndrome 
may also be the result of any one of ses'cral other 
primaiy neural or muscular diseases such as con- 
genital absence of muscles, muscular dystrophy, 
and rarely from infantile motor neurone disease 
(Werdnlg-IIoffmann infantile muscular atrophy). 
Reeonslmctive surgery and the techniques of ph)’si- 
cal medicine may permit a certain measure of 
rchabiiitaboQ in those cases with nonprogressive 
diseases. However, severe mental defect, which is 
frequent in these conditions, tends to discourage 
elaborate programs of therapy. 

Birthmarks end Msocioied i^curdlogic Conditions 

A number of neurologic abnormalities are com- 
bined with congenital defects of skin or retina, ex- 
plained usually by their common ectodermal ori^n. 
The terms congenital ectodermal dysplasias, con- 
genital nctifociitoncpus si/ndromcs, or phacomatoses 
(phaKos, birthmark) are used frequently to desig- 
nate this general class of disorders The major sjn* 
dromes include neuro^hromatosis, tuberous scle- 
rosis. cncephalotrigeminal syndrome, and rarely the 
ccTebelloretlnol hemangioblostomatosls. Another 
variant of the latter is the myeheutaneous syn- 
drome, in which a vascular malformation of spinal 
cord and meninges is associated with a vascular 
nevus within the area of skin innervated by the 
Involved spina] segments. Recently it has been sug- 
gested that ctaxfa felongieclcaift be included with 
this group of conditions. 

Neurofibromatosis (von Recklinghausen’s Dis- 
ease). This is an inhcnled disease (mendelian 
dominant) In which spots of increased skin pig- 
mentation are combined with multiple neurofi- 
bromas. The pigmented spots are irregiJar in shape 
with relatively even borders, vary in size from a 
few millimeters to several centimeters, and are of 
browmish-coffee color (cafe-au-lait). They are most 
prominent over the trunk and especially about the 
pelvis. Similar lesions occur in individuals without 
Deurofibromatosis but in such instances are gen- 
erally smaller than 2 cm in diameter and fewer 
than five in number. The tumors arise from the 
neurilemmal sheath (Schwann cells) and fibroblasts 
of the peripheral nerve. They are usually multiple 
and vary in size from minute lesions to large tu- 
mors several centimeters in diameter. The majonty 
are smootlJy rounded or lobulated, soft or firm, 
and can sometimes be seen or felt along the course 
of a peripheral nerve. Often they sink into the sub- 
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cutaneoMS fat on gentle pressuTe. Like the pig- 
mented lesions, the tumors are more frequent over 
the trunk than on tlie extremities. The pigmented 
areas of skin may be visible in infancy, though 
usually they become increasingly apparent \vith 
age; the tumors of nerve sheaths are often not 
demonstrable early in life. Most of the tumors in 
neurofibromatosis are asymptomatic; but occasion- 
ally, if they attain a large size or occupy an unusual 
position, they may produce symptoms by pressing 
upon contiguous structures. Tumors of the spinal 
ner\'es may compress the spinal cord and at the 
same time extend through the inten'ertebral fora- 
mens to form a large mass in the posterior medi- 
astinum (dumbbell tumors). Acoustic neurinomas, 
usually bilateral in patients with neurofibromatosis, 
may produce deafness and symptoms and signs of 
a cerebellopontine angle tumor. Other histopatho- 
logic tjpes of tumor (meningioma, glioma) are en- 
countered more frequently in neurofibromatosis 
than in the general population. Most of these tu- 
mors arc rare in infancy and chUdhood, though 
pontine glioma and glioma of the optic nerve are 
exceptions to this clinical rule. Tho latter condi- 
tion should al'vays be considered in the differential 
diagnosis of unilateral (rarely bilateral) blindness, 
proptosis, and extraocular muscle paralysis in diild- 
hood, especially if there are signs of von Reckling- 
hausen’s disease. Enlargement of the optic fora- 
mens, demonstrable by roentgenogram, is a 
valuable aid in diagnosis. Pulsating exophthalmos 
may result from congenital absence of part of the 
sphenoid bone. Pheochromocytoma is an infre- 
quent accompaniment of the disease. In about 5 
to 10 per cent of cases of neurofibromatosis one 
of the tumors will become sarcomatous. 

Fibrous dysplasia, congenital vertebra) anomalies, 
local gigantism of an extremity, subperiosteal bone 
cysts, and pseudoarthrosis of the tibia may be as- 
sociated with neurofibromatosis. Any of these can 
lead to scoliosis, a common skeletal deformity in 
children with this disease, so that neurofibromatosis 
must be added to the list of neurogenic kyphosco- 
lioses (the others are syringomyelia, Friedreich's 
ataxia, and poliomyelitis). Stenosis of the aqueduct 
with obstructive hydrocephalus is at times observed 
in neurofibromatosis. Also, mental retardation is 
rather common in famihes with von Recklinghau- 
sen’s disease, though its pathogenesis is not at ah 
understood. Spina bifida, hypospadias, glaucoma, 
and elephantiasis are occasionally seen. 

There is no treatment for the disease other than 
excision of symptomatic tumors. 

Tuberous Sclerosis (Boumeville’s Disease). This 
curious disease, of dominant inheritance, is mani- 
fested by the clinical triad of convulsive seizures, 
progressive mental deficiency, and adenoma se- 
baceum. The latter arc fine, warthke lesions pre- 
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dominantly in a butterfly distribution over the 
cheeks and forehead. The indi\’idual adenomas vaiy 
in size from 0.1 to 1.0 cm and are elevated and 
pinkish or pinkish yellow in color. In addition, the 
skin over the lower back may be thick, rough, and 
of yellmvish color (sharkskin patch, shagreen). 
The mental deficiency may be relatively stationary 
or progressive. Tlie seizures are usually generalized 
but may be focal. Retinal tumors, opb'c atrophy, 
cataracts and hypcronchomas, syndactylism, spina 
bifida, and other visible malformations may be 
conjoined. 

The lesions of the sJdn are pathologically fibromas 
and not true adenomas. Some are rather vascular 
and suggest telangiectasia. The brain lesions consist 
of areas of malformed cortex with extensive astrog- 
liosis and a curious mixture of gUoblasts and mon- 
ster nerve cells. Calcification may or may not be 
present, hfasses of subependymal glial tissue ac- 
count for nodules which project into and form the 
"candle gutlerings” on the walls of the x’entricles 
that are often seen in pneumograms. In Boume- 
vflle s original case, death «'as due to rhabdomyoma 
of the heart. This lesion has been combined in some 
cases with vascular malformations of kidney, liver, 
adrenal glands, and pancreas. 

Tlie diagnosis is aided by roentgenograms of the 
skull. Calcified nodules occur particularly in the 
temporal lobe. The center of the nodule tends to 
be more densely radiopaque than the periphery. 
The electroencephalogram is usually abnormal but 
without specific pattern. The cerebrospinal fluid 
may be normal; rarely the total protein is elevated. 

The only treatment is symptomatic. The prog- 
nosis for life beyond the third decade is poor. 
Death may be due to seizures, associated tumors 
(gboma), or intercurrent diseases. 

CercbelJorelinal Hemangioblaslomntosis (Lin- 
dau’s am! von Hippcl’s Disease), This condition is 
discussed here though the skin is seldom invoh'ed. 
As the name implies, the syndrome consists of a 
vascular malformation of retina and cerebellum. 
The retinal lesion usually has the characteristics of 
a malformation, whereas the cerebellar lesion con- 
sists of a slowly growing cystic tumor. The clinical 
symptoms and signs consist of progressive cere- 
bellar ataxia, headache, and papilledema. Poly- 
cythemia of undetermined edology has been ob- 
served in many cases and has in a few instances 
disappeared after excision of tlie tumor. Rarely do 
these tumors appear before adolescence. Some cases 
are familial. 

This condition is often associated with malforma- 
tion of other organs, especially with viscera] tu- 
mors. Angiomas of the liver, cysts of the pancreas 
and kidnej's, and tumors of the epididymis and 
kidn^, which ha\’e been the cause of death in some 
cases, are the major parts of the syndrome. Pheo- 
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chromocytomas have been described in this and in 
other of the phakomatoses Synngomyelia has bc^n 
obsencd in a few cases, and if a careful search « 
made, a hemangioblastoma can often be found in 
relation to the s)Tinx at some level. 

The cerebellar hemangioblastoma demands sdr* 
gical treatment, and If tlie nodule of tumor is 
in the wall of tlie cyst and is excised, the resu-lts 
can be excellent. 

Enccphalotrigeminal Syndrome ( Slurge-Web*^* 
Dimitri Disease). This curious disease consists 
capillary or cavernous hemangiomas within the cu- 
taneous distribution of the tngeminal nerve and of 
a predominantly venous hemangioma of the lepfo* 
meninges, If the skin lesion is within the area of 
supply of the ophthalmic division of the trigemini 
nerve, the occipital lobes are more commonly in- 
volved, whereas a facial nevus is more often asso- 
ciated xvith involvement of the parietal and fronWl 
lobes Tile intracranial or cutaneous lesion may oc- 
cur separately. 

Pathologically, in addition to the large numb®*" 
of abnormal blood vessels In the meninges, the 
cortex is destroyed, and in some cases a band cf 
calcium develops within the lesion This band, fol- 
lowing the convolutional pattern as it does, is re- 
sponsible for the characteristic roentgenographic 
picture. 

The first neurologic symptom is usually a fooaJ 
seizure on the side opposite the skin lesion. Tran- 
sient postictal (Todd’s) paralysis or pennanent 
paralysis may follow the seizure. Sensorimotor 
paral)'sis or permanent visual field defect, the most 
irequent findings, may be either of insidious on$®t 
with slow progression or apoplectic Hemorrhage 
into the meninges has been reported, but this must 
be a rare event. Possibly occlusion of cortical vessels 
xvill, in certain instances, be responsible for n^u. 
rologic deficits. Blindness in the eye on the side of 
the neiais is frequent and is nearly always due *0 
glaucoma. Most patients with this malformab'on 
sun’ive for many years, often with residual mcntol 
and other neurologic defects. 

The lesions are usually too extensive to be treated 
surgically, though hemispherectomy has been ad- 
vised by some surgeons. Anticonvulsant medication 
is indicated, but the seizures may be difficult to 
control. 

Ataxia Telangiectasia. Only recognized as a dis- 
ease entity recently, this condition has attraciod 
considerable interest. It is characterized neurologi- 
cally by a progressive cerebellar ataxia, apraxia of 
ocular movement, and choreoathetosis beginning 
during the early years of life. Telangiectasias of 
hulbar conjunctivas and skin, especially about the 
cars, neck, and in flexor creases at die elbows aod 
knees, appe.ir somewhat later. Recurring pulmoiuMy 
and sinus infections have been prominent in many 


cases. The cause of this disease is unknown, but 
more than one child in a family may be affected. 
The associated p.ilhologic changes must still be 
clarified; Coiirville lias described an extensive loss 
of Piirlanje cells of the cerebellum in one case. 

Abnormaltiies of Moior Ftinclion {Ccrebrol Pnijy) 
In this category of neurologic defect a raaj’or dis- 
turbance of motor function, usually nonprogressivc, 
has been present since infancy or childhood. The 
popular term for these conditions is cerebral pahtj. 
The name is not altogether appropriate, nor is such 
a crude classification of nervous disorders particu- 
larly useful from the viewpoint of the physician, 
because it results in a collocation of diseases of 
widely differing etiologic and anatomic types. The 
hereditary and acquired, the mtrauterine, natal, and 
postnatal diseases lose their identity. Nevertheless, 
the term has been adopted as a slogan for fund- 
raising societies and for a major rehabUitation move- 
ment throughout the United States, and ft will not 
soon disappear from medical terminology. 

Clinical Approach to Motor Disturbances Which 
Have Der,c\opcd in Infanctj or Childhood 
Motor abnormalities which have their onset early 
ui life are so numerous and diverse that ft is neces- 
sary to acquire some knowledge of the motor sys- 
tem in order to interpret tliem. Also, a classifica- 
tion is useful in guiding one's thinking It is helpful 

r<iW« S33-I. cusstriCATioN or cevELOruENTAi, 
41OT0R ASNOnMALITIES 
I. Spastic or rigid p-iralysca 

A. Cerebral tpastie diplegia and paraplegia 
D. Infantile licmipleeSa 
C. Double hemiplegia 
D Quadriplegic glatea 
11 Extrapyramidal syndromes 

A. Cliorcoalhctoiis and dystonia 
It Cereliollar nUxia 
III Flaccid paralyses 
A Genemliretl 

1 Cerebral type — cerebral atonic diplegia (of 
roerster) 

2. Spinal type 

a Infantile mu.’icular atrophy of Werdnig- 
Iloilmann 

h Traumatic necrosis of spina! cord 

3 Other types 

o. Infantile museul.vr dj-strophy 
b Lipoid and glycogen storage diseases 
e. InfttutilcpolymyoeiUs 
d. The "slack child” and amj otonia congenita 
of Oppenheim 
It. Loentiscd (nerve) 

1. Draehial plexus palsies of Erb and Klumpke 

2 Facial palsy 

3 Other peripheral nerve palsies 
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to attempt to categorize a given case according to 
the extent and nature of the abnormality. 

Tlicse motor abnormalities of infancy and child- 
hood are relatively frequent, and many of the af- 
fected children reach adult years. 

Special Types 

Infantile Spastic and Rigid Paralyses. The pat- 
tern of paralysis or rigidity is important, for it pro- 
vides information as to the etiology and possible 
pathogenetic mechanism. 

Cerebral Spastic Diplegia {Little's Disease), In 
1862 Little (allied attention to the concurrence of 
“Abnormal Parturition, Diffiailt Labours, Prema- 
ture Birth, and Asphyxia Neonatorum” and of a 
spastic weakness that affected legs more than arms. 
He emphasized the prenatal or natal origin, the 
diplegic (legs > arms) distribution of the paral)'sis, 
and the nonprogressive course. Little U’as of the 
opinion that asphyxia caused the cerebral damage, 
but tlie present view is that it represents a syn- 
drome of multiple etiology and of diverse pathology. 

S. A. K. Wilson distinguishes three types, the 
paraplegic, diplegic, and the generalized and 
pseudobulbar. These differ from one another only 
in respect to the severity of affection of the arms 
and bulbar musculature. Pure paraplegias and pure 
pseudobulbar cases are relatively rare. Usually all 
four extremities ore ini'olvcd, the legs much more 
than the aims. Aa n rule the abnormality is recog- 
nized at birth or soon thereafter by some abnor- 
mality of breathing, sucking and swallowing, color 
of mucous membranes, or responsiveness. These lat- 
ter signs may indicate either a congenital defect of 
the nervous system or birth injuiy. The stiff, awk- 
ward movements of the legs, maintained in an 
e\tended, adducted posture, attract attention at 
this time or in the ensuing weeks. Seizures occur in 
some cases, and it is not uncommon to obscr\’e a 
delay in all the normal developmental sequences, 
especially those which depend on the motor system. 
Once walking is attempted the characteristic stance 
and gait become manifest. The legs are advanced 
stiffly in short steps, each describing part of the arc 
of a circle; adduction is often so strong as to lead 
to actual crossing (scissors gait) with lower legs 
slightly splayed out and the feet flexed and turned 
in, the heels no longer touching the ground. The 
legs tend to be thin, but the muscles are not mark- 
edly atrophic, as in infantile muscular atrophy and 
dystrophy. Passive manipulation of the limbs re- 
veals marked spasticity in the extensors and ad- 
ductors and also slight contracture of calf muscles. 
The hands and arms may be little if at all affected, 
but in many cases there is awkwardness and stiff- 
ness of the lingers and in a few, pronounced weak- 
ness and spasticity. Speech may be well articulated 
or noticeably slurred, and often the face is set in a 


spastic snulc. The deep tendon reflexes are exag- 
gerated, those in the legs more than in the arms, 
and the plantar reflexes are extensor. Usually there 
is no disturbance of sphincteric function, though de- 
lay in acquiring voluntary function is usual. Athe- 
totic postures and movements of the face, tongue, 
and hands are present in some cases and may actu- 
ally conceal the pyramidal weakness. Ataxic and 
hypotonic forms also exist. The mentality ranges 
from normal to idiocy. 

Surprisingly little informab'on has been obtained 
concerning the cause, mechanism, and morbid 
anatomy of this syndrome. The claim that birth 
injury is responsible has been challenged, and die 
existence of an antenatal lesion can no longer be 
doubted. The association of cerebral spastic di- 
plegia with abnormality' of the placenta and pre- 
maturity is striking and suggests a possible causa- 
the relationship. A familial variety of spastic 
diplegia is now well documented, but such a ge- 
netic determination applies to only a minority of 
cases, and the progressive nature of the illness 
readily distinguishes this disease from the condi- 
tions under discussion (see p. 1870) . The brain has 
appeared grossly normal in some instances, and the 
only microscopic abnormality has been an absence 
of Betz cells and a poorly myelinated corticospinal 
tract. It is as though tlie corticospinal system had 
failed to develop. Jn others a difiuse loss of nerve 
cells and gliosis of cerebral cortex (mantle sclero- 
sis) has bwn found. Shrunken, atrophic convolu- 
tions with or without cavitation of white matter 
(ulegyria), a restricted form of which may involve 
only a few convolutions, has probably oeen the 
most frequent pathologic finding. The pathologic 
findings give little information as to the original 
process except that it must have occurred after 
cerebral development w'os nearly complete. 

lafantilc Hemiplegia. In this not uncommon con- 
dition of infancy and childhood, a functional dif- 
ference betw'ecn the rtvo sides may be noticed at 
birth or during the first 6 to 12 months of life. 
Acquired forms following an infection or thrombo- 
sis of cerebral arteries or veins usually develop 
later. The parents may be the first to notice that 
movements of prehension and exploration arc car- 
ried out with only one arm. The affection of the 
leg is usually recognized later, i.e., during the first 
attempts to walk. 

The cardinal feature of a cerebral hemiplegia, 
and this also applies to diplegia, is that it is partial; 
the limbs will always move under certain circum- 
stances. Tlie most satisfactory tests are the facility 
mth which the rtvo arms engage in manipulatii’c, 
prehensile, and exploratory movements. The latter 
may be examined in the first weeks of life by 
placing the infant on his feet and making him step 
forward by advancing and tipping the trunk from 
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side to side. Hand preference during first 1 to 
2 years of life should always raise a suspicion of a 
motor defect on the opposite side. 

If the brain lesion responsible for the heiniple^ 
is of recent onset (at birth or shortly before) and 
tlje cerebral lesion extensive, one may observe slug- 
gishness of all motor responses, poor sucking re- 
flexes, difficulty m breathing, and irregular pulse. 
The tendon reflexes tend to be more active on the 
affected side and the plantar reflexes more defi- 
nitely extensor in type dian on the norma] side. 
There may be a homonymous visual field defert, 
as shown by a neglect of dangling objects on one 
side, or a unilateral somatic sensory loss, indicated 
by a lesser response to tickle, a vibrating tuning 
fork, and painful stimuli. The muscular tone is usu- 
ally normal. 

An assessment of the neurologic status at the 
end of the first and second years reveals more 
cle.irly the extent of the motor defect. The hand 
and fingers are clumsy and slow. Often the fingers 
are hyperexlensible, and in one-third of cases th« 
exhibit athetotic movements and postures, in which 
the wist is strongly flexed, metacarpal-phalangeal 
joints arc e.xtended, and phalangeal joints are vari- 
ably flexed or extended in various sequences. The 
adult hemiplegic attitude, i e., the arm adducted at 
the shoulder, flexed, and internally rotated at the 
elbow, pronated and flexed at v^st and fingers 
with the thumb adducted and covered by the 
fingers, and the teg adducted and internally ro- 
tated at the hip with the foot inverted and pkntar 
flexed, is evident at this time. Contractures may be 
found in the hip flexors, hamstrings, and plantar 
flexors of the foot. Sitting, standing, and walking 
are delayed but not so frequently as in cases of 
cerebral diplegia. Improvement may be nobced as 
the child grows and matures, especially if there has 
been a severe sensory defect. Impaired sensation 
appears to retard motor development early in life 
but later is compensated for, even though such 
patients retain their sensory defects. At a more 
advanced age when sensory testing can be done, 
specific difficulties of propnoceptlon, two-point lo- 
calization, recognition of form by feeling an object, 
and failure to appreciate a stimidus on the involved 
side svhen one is simultaneously applied to the 
other side can be demonstrated in about a fourth 
of these cases. Smallness or hypoplasia of the hemi- 
plegic extremities (hemiatrophy) is anotlier com- 
mon finding especially during adolescent and adult 
years. The use of a limb appears to be a necessary 
stimulus to its growth. Hemiatrophy in the adult 
always means that the neurologic defidl began 
liefore growth had proceeded very far, usually in 
childhood or before. 

Ment.-il di-fect may lie assodifed with infantile 
hemiplegia but is much more common with cere- 
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bral ^plcgia and Nvith bilateral hemiplegia. Con- 
vulsions occur in 3S to 50 per cent of children wth 
congenital hemiplegia. They may commence at any 
time of life but more often in infancy or early child- 
hood, if the disease was congenital. If the hemi- 
plegia was acquired during infancy, seizures often 
accompany the onset. They may be generalized but 
are frequently unilateral and limited to the hemi- 
plegic side. Often, after a series of seizures the 
affected side will be weak for several hours or 
longer (Todd's paralysis). 

Double Hemiplegia. This term is applied to bi- 
lateral weakness of face, arms, and legs. The arms 
are severely affected, in contrast to their minima! 
affection in cerebral thplegia. Difficulty with 
breathing, sucking, and swallowing is usually noted 
in the neonatal period, if the illness began at or 
before birth. Weakness and spastiaty are apparent 
at an early age. Opisthotonos with flexed arms and 
extended legs is tlic usual attitude and is exagger- 
ated during periods of crying. The cry itself tends 
to be high-pitched and shrill. Mental development 
is almost invariably retarded, and such children 
usually never Jeam to sit, walk, or develop any 
effective use of the limbs. The bulbar musci^ture 
is also affected. Chorcoathetosis, blindness, and 
seizures occur in many of the patients. The head 
tends to be small in children with double hemi- 
plegia, reflecting the small size of the brain. In 
other reacts bilateral hemiplegia does not differ 
ftotn unilateral hemiplegia. 

Quadriplegic States. Differing from bilateral 
hemiplegias in that the bulbar musculature is not 
involved, this condition is relatively rare but may 
result from a bilateral cerebral lesion However, a 
spasbc quadriplegia should always alert one to the 
possibility of a high cervical cord lesion. Although 
this may occasionally lesult from cysts, tumors, and 
other malformations, it is usually produced in the 
infant by a fracture-dislocation of the cervical 
spine, incurred during a difficult breech delivery. 
Crothers and Putnam state that an audible snap 
may be heard at the time of fracture. If the condi- 
tion goes unrecognized, recurrent contusion of the 
spinal cord may result from handling the infant, 
there being excessive mobility of the vertebral col- 
umn. If the upper cervical cord is severely dam- 
aged, respirabons may be difficult and signs of 
lower brain stena dysfunction may also appear. 
Traction and stabilization of the cervical spine by 
orthopedic measures may prevent further damage 
and some improvement may occur, but complete 
recovery is unusual vvltli this condition. 

Similarly in paraplegia with weakness or paralysis 
limited to the legs, the lesion may^ be cerebral or 
spinaL Spliinctcr disturbances and a definite loss of 
somatic sensaUon below a certain level on the trunk 
sliould always favor a spinal localization. Con- 
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genital cj'sts, tumors, and diastematomyclia are 
more frequently found in cases of paraplegia than 
of quadriplegia. 

The etiology, pathogenesis, and morbid anatomy 
of infantile cerebral hemiplegia, bilateral hemi> 
plegia, and quadriplegia are not well understood. 
Birth injury has been invoiced as a leading cause, 
and there is no doubt that prolonged labor, dday 
in breathing, bulging fontanel, bloody cerebro- 
spinal fluid, periods of apnea and cyanosis occur 
wlh greater frequency in a series of hemiplegic 
infants than in any other group of infants. Also 
birth injury is more frequent in hemiplegic than in 
diplegic cases. The medianism of the injury is not 
k^o^vn. In the majority of patients the birth trauma 
is not due simply to the direct application of force 
to the cerebral hemispheres. Hypo-tia due to car- 
diac arrest or interference with fetal circulation at 
the time when the brain svas compressed may be 
responsible for the lesions. The hemisphere oppo- 
site the hemiplegia may be small, a veritable mini- 
ature of normalj the cortex is thin, depleted of 
ner\'e cells, and gliotic, and the thalamus and cor- 
ticospinal tract are reduced in size. In others, a 
circumscribed cncephalomalacia with shrinkage of 
convolutions, gliosis, or cavitation of white matter 
and basal ganglions have been found. Central hbar 
sclerosis with destruction of the white matter and 
sparing of the cortex or multiple cavities in the 
white matter have been observed in a few cases. It 
must be assumed that many of these abnormalities 
have been acquired during intrauterine life or at 
birth, but their cause and pathogenesis are un- 
known. They appear to represent forms of poren- 
cephalij or pseudoporencephahj. Some may be doe 
to narrowing or occlusion of the carotid artery 
(sometimes demonstrated in an arteriogram) or 
Sylvian veirr. Congenital neurosyphilis and toxo- 
plasmosis have been established in others. Prema- 
rarity may be a contributing factor, and in some a 
history of vaginal bleeding during pregnancy has 
been recorded. Developmental abnormalities of the 
brain have been discovered in a few cases. 

Congenital Extrapyramidal Syndromes in In- 
fancy and Childhood. The spastic and rigid cere- 
bral diplegias discussed above shade almost im- 
perceptibly into the extrapyramidal syndromes. 
Many such cases can be found in every cerebral 
palsy clinic, and they appear from time to time in 
adult medical clinics. Pyramidal tract signs may be 
completely absent, and the inexperienced student, 
familiar only with the pure cerebral spastic di- 
plegia syndrome, is always puzzled as to their 
classification. Some extrapyramidal cases of this 
type undoubtedly are attributable to the same 
pathologic processes as cerebral spastic diple^a 
and attest to the diverse clinical manifestations of 
these states; others represeit separate diseases sudr 


as erythroblastosis fetalis with kemicterus. In the 
interest of being able to state accurately the prob- 
able pathologic basis and future course of these 
illnesses, it is desirable to separate the estrapyTam- 
idal syndromes due to prenatal and natal diseases, 
which usually become manifest during the first 
year of life, from the acquired postnatal syndromes 
such as familial athetosis, dystonia musculorum 
deformans, and cerebellar ataxia. The latter will bo 
discussed in Chap. 290, Degenerative Diseases of 
the Nervous System. 

Congenilal Choreoathetosis {Double Athetosis). 
Probably the most frequent representative of this 
group, this condition is hke the spastic states in 
that it may not be recognized at birth but only 
after several months have elapsed. The nature of 
chorea and athetosis has been discussed in Chap. 
27, Disturbances of tlie Motor System. All com- 
binations of chorea, athetosis, hemiballlsmiis, and 
even dystonia may be found in a single case, or one 
or another type of movement disorder may pre- 
dominate. However, in all instances there is a de- 
fect in voluntary movement. 

Choreoathetosis in infants and children varies in 
severity. In some the disorder is so mild that the 
abnormal movements are misinterpreted as rest- 
lessness or the “fidgets’*; in others every voluntary 
act is rendered inefiective by these mvoluntary 
movements, leaving the patient nearly helpless 
The tongue may extrude itself from the mouth with 
constant drooling, and the face is contorted in a 
never-ending series of grimaces. Speech is slurred, 
inarticulate, and punctuated by grunts and hideous 
throat sounds. The hands and arms ere engaged in 
a constant play of writhing, twisting movements, 
and all attempts to use the limbs re^t in a slow, 
spreading spasm of the entire hmb or all the mus- 
i^ature (intention spasm). Bizarre postures may 
be assumed. The arms may be carried in a flexed 
or extended position in front of or behind the body, 
and the legs may be extended. The feet may be 
deformed; walking on the heels or side of the foot 
is more common than the "toe walkmg” of the cere- 
bral diplegic. Movements may also be ataxic, and 
tremors are not uncommon. A retardation of motor 
development is the rule in these cases. Upright 
posture and xvalking may, in fact, never be ac- 
quired or may be delayed until the age of three 
to five years in severe cases, but thereafter more or 
less effective locomotion is possible. Tonic neck 
reflexes or fragments thereof are commonly noted. 
The tendon reflexes are not consistently abnormal; 
plantar reflexes are characteristically flexor, though 
they may be difficult to interpret because of the 
continuous play of flexion and extension of the toes. 
The various sensory pathways usually function nor- 
maffy. 

It is because of the motor and speech impair- 
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ment lliat patients are many times erroneously 
classified as mentally defective No doubt in some 
patients this evaluation is correct, but others retain 
adequate intellectual function and can be edu- 
cated. With growth and development new postures 
and new motor capacities are acquired. The less 
severely affected patients can make successful oc- 
cupational adjustments. However, the severely 
handicapped patients, even with the help of re- 
habilitation clinics and corrective orthopedic opera- 
tions, rarely achieve a degree of motor control that 
will permit them to lead an independent evstence. 
One sees these unfortunate Jndividu.ils in public 
places bobbing and weaving as they walk along. 

The most frequently observed pathologic change 
in the brain has been a curious vvhibsh marblchko 
appearance of the putamen, thalamus, and cerebral 
cortex. These whitish strands represent foci of 
nerve cell destruction and gb'osis with a peculiar 
condensation or formation of myelinated fibers 
(h^'permyelinatinn) . Oscar and Cccile Vogt, who 
first described this condition, called it ^tat marbriJ 
or status marmoratus. They attributed it to neo- 
natal asphyxia, but the hypoxic factor is far from 
established. 

The neurologic sequelae of kemlctcrus are of 
importance here and are encountered not infre- 
quently In adults. It is true that the majority of 
infants who suffer this disease die within the first 
week or two of life, and those who survive are 
mentally retarded, deaf, and totally unable to sit. 
stand, or walk, so that the tendency is always to 
put them In homes for the feebleminded. It is only 
the exceptional patient, obviously less damagerl, 
who is mentally normal or at most only slightly 
backward These are the ones who exlubit a vane^ 
of motor disorders as they grow older, the most 
frequent being mild ataxia or choreoathelosis, 
which involves the face and arms. A few have also 
shown rigid limbs and a picture not too different 
from that of cerebral spastic diplegia with involun- 
tary movements. Kcmicterus should always be sus- 
pected if an extrapyiamidal syndrome is accom- 
panied by bilateral deafness and ocular palsies. 
The neuropathology in these milder surviving cases 
consists of nerve cell loss and gliosis in tbe sub- 
thalamic nucleus of Luys, the globus pallidas, 
thalamus, Ammon’s horn, and oculomotor and 
cocUear nuclei. No one explanation of the neuro- 
logic lesion has been accepted. Elsewhere we have 
postulated severe liver damage and hyperbilinibi- 
nemia as a cause of the brain disease, but this 
hypothesis is unproved. Others attribute the brain 
damage to hypoxia. 

Congenital Ataxia, The combination of cerebral 
diplegia vvith cerebellar ataxia has already been 
mentioned. These are cases in whom difficulty in 
standing and walking cannot be attributed to spas- 


tidty or paralysis. Incoordination similar to that 
seen in cerebellar dise.iso and lijqiotonia arc the 
principal findings, Tlie motor defect may be so 
great that the child is never able to sit or stand; 
8ic muscles ore of nonnal size, and voluntary 
mov’ements, though weak, are possible in all the 
limbs. In less severe cases sitting, standing, and 
walking arc merely dekiycd, and, with odvandng 
years, cerebellar ataxia and tremor become mani- 
fest. Relative improvement may occur as the child 
grcAvs older. 'Hic tendon reflexes are present, and 
the plantar reflexes are either flexor or extensor. 
Many of these patients suffer a degree of amentia 
and retardation of speech development that results 
in their pbeement in homes for the feebleminded. 
In relatively few of the recorded cases have the 
pathologic changes of this condition been studied. 
AplasLi or hypoplasia of the cerehellum has been 
reported only a few times. Radiation of the abdo- 
men of a parturient woman during the first trimes- 
ter of pregnancy vs said to liavc resulted in cere- 
bellar h)popIasi.a in a few cases. A cerebral and 
cerebellar lesion may coexist, which is the reason 
for tlicir classification as ccrebroccrebcllar di- 
plegias. 

Aside from the congenital ataxias, some of which 
arc cerebellar, otliers probably of cerebral type, 
there arc oUicr forms of ataxia wlilch have an acute 
onset and which persist during adolescence and 
adult life. Batten has written informatively on this 
subject, calling those forms the acute cerebellar 
ataxias of chiJdliood. Some are sequelae of an 
infection (a postmfcctious encephalitis especially 
postv’anceUa), and a few may be due to virus In- 
fections vvhidi affect the cerebellum more than 
other parts of the nervous system. Hyperthermia, 
With temperatures over 106®F, may result in ex- 
tensiv'c destruction of Purkinje cells and ataxia. 
Cerebellar tumors and demyelinatho and lipid 
storage diseases also occur at this age and may at 
times give rise to cerebellar at.'ixia. LabjTinthine 
injury resulting from streptomydn therapy and 
polyncuntis or mumps are the common causes of 
noncerebellar ataxia, which must be differentiated 
from the above condition. 

The hereditary ataxias are likely to begin at a 
later age and are progressive. They are discussed 
in Chap. 290. 

In all these congemt.al diseases of the brain, once 
the symptoms and signs are well established, there 
is no progression of the illness. In fact, vndi further 
matuiaUoa and training there may be improve- 
ment. The clinical course tlius distinguishes this 
whole group of diseases from those of delayed 
onset and progressive course (see Schilclcr's dis- 
ease, hpid storage diseases, congenital neuro- 
syphihs, and toxoplasmosis which are desenbed in 
Chaps. 290 and 163). 
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THE NERVOUS SYSTEM 

Tlic F].necid P-nratyscs of Infancy and Cliildhood. 
The cerebral form, first described by Foerster and 
called cerebral atonic diplegia, lias already been 
mentioned in connection with congenital cerebellar 
ataxia. It can usually be distinguished from spinal 
and peripheral nerve paralysis by the retention of 
postural reflexes (flexion of the legs at the laiec 
and hip when the patient is lifted by placing the 
hands in the axillas), the preservation of tendon 
icBexcs, and the failure of mental development. 

Tlie sjTidrome of infantile muscular atrophy 
(Werdnig-Hoffmann disease) is the leading ex- 
ample of the category of infantile spinal muscular 
atrophies. These little patients are usually brought 
to the clinic by their parents because of a difB- 
culty witli feeding and a delay of motor develop- 
ment. About half of them are said to have been 
normal at birth and during the first weeks of life. 
Others have been slack, feeble infants from the day 
they were bom and even before, since some moth- 
ers recall a weakness also of fetal movement. Slow- 
ness in feeding, frequent choking, constant drool- 
ing. recurrent respiratory infections due to weak 
respiratory movements, and aspiration of milk are 
troublesome in early life. As a rule the patient 
prefers a supine posturoj his motor deficit is mani- 
fested by an inability to maintain the head in stable 
balance and also by the absence of the usual twist- 
ing, squirming movements of the tainV. The arms 
tend to be kept at the sides and flexed at the el- 
bows, bringing the hands over the chest. The legs 
are characteristically abducted and flexed at the 
hips and knees so that the soles of the feet oppose 
one another C'/rog posture”). WTicn the Infant is 
pulled to a sitting position, the head lolls and all 
but the most feeble support reactions in the legs 
are absent. Despite this profound weakness, 
muscle groups are capable of feeble movement 
until late in the course of the illness. The tendon 
reflexes are inv'ariably absent in those cases in 
which the disease begins before birth or during the 
early months of life. Tendon reflexes may rarely bo 
preserN'ed if the disease has an onset at a later age. 
A remarkable action tremor of the arms may then 
be observed. Atrophy of muscle is obscured by 
subcutaneous fat tissues ("puppy fat"), and fascic- 
ular twitches, though detectable in an electromyo- 
gram, are invisible to the naked eye except in the 
tongue. In contrast to their feeble movements these 
patients usually are attractive, with bright, spar- 
kling eyes and lively countenance, which attest to 
normal brain development. All sensory functions 
are likewise retained. The illness progresses slowly 
over a period of months or a few years, and few of 
these patients survive until puberty. Several mem- 
bers of a sibslup may suffer the same illness, but 
never the antecedents, the pattern of inheritance 
usually being autosomal recessive. In biopsy ma- 


terial or at autopsy the muscles are dun and the 
majority of their fibers arc atrophic, preserving 
their fetal dimensions as though improperly inner- 
v'atcd or denervated. The anterior horn cells in the 
spinal cord and brain stem have disappeared or are 
in process of degenerating and are replaced by 
fibrous astrocytes. There is no known treatment for 
the disease. 

A few patients suspected of having infantile 
muscular atrophy prove with the passage of time to 
be merely ratlier inactive, "slack" children, and 
their motor development later proceeds at the usual 
rale. A few may remain rather weak with lliin 
musculature. Such cases fall into the vague cate- 
gory of amyotonia congenita described by Oppen- 
heim, Brandt, and others, or into the group called 
benign congenital hypotonia (Walton) or benign 
congenital myopathy (Turner). Probably several 
types of myopathy are being included in this cate- 
gory', Muscle biopsy usually rev'eals no definite 
abnormality, and the electromyogram is often nor- 
mal. Polymyositis and acute idiopathic polyneuritis 
may rarely manifest themselves as a syndrome of 
amyotonia congcnit-i. 

Infantile muscular dystrophy and lipoid and gly- 
cogen storage diseases may also produce a clinical 
picture of progressive atrophy and enfeeblement of 
muscles. The diagnosis of glycogen storage disease 
(von Gierke’s disease) should be entertained when 
the syndrome of infantile muscular atrophy is asso- 
ciated with clinical enlargement of heart, liv’er, or 
spleen. Tile motor disturbance in this condition 
may be related in some way to the abnormal de- 
posits of glycogen found in skeletal muscle, though 
it Is more likely due to the degeneration of the 
anterior horn cells of the spinal cord, which are dis- 
tended with glycogen and other substances. Lipoid 
storage disease of Tatj-Sachs and the variants 
which occur later in life may also cause thinness of 
limb musculature, feebleness of movement, and 
diminution or loss of tendon reflexes. Regression of 
mental development, blindness, macular degenera- 
tion, w'hich are almost always present to some 
degree, should leave little doubt as to the nature of 
the illness. Also muscular dystrophy, either familial 
or nonfamilial, may begin during fetal life or dur- 
ing infancy and chUdliood. There is obvious palsy 
of the limbs, with proximal and trunk muscles more 
involved tlian distal ones. Contractures are fre- 
quent, with a leg or arm held in a curious abducted 
or extended posture. This state of contracture of 
the limbs in infants is called arthrogryposis, already 
referred to above. It may be caused by either a 
primary muscular disease or a defect of the central 
nervous system. 

Brachial plexus palsies, well-k-nown complica- 
tions of dystocia, usually result from forcible ex- 
traction of Uie fetus by downward traction on the 



DISEASES OF ORGAN SYSTEMS 


1740 SEC. 7 

shoulder in a breech presenlalion, or from traction 
and tipping of the head in a shoulder presentation. 
The upper brachial plexus and roots of the fiftli 
cervical or the low’er ple.xus and roots of the «v- 
enth and eighth cervical and first thoracic nerves 
suffer the brunt of the injury. Sometimes the entire 
plexus is involved. The upper plexus injuries (Erb’s 
plexus syndrome) are estimated to be twenty times 
more frequent than lower (K/umpI:c pfetos .syn- 
drome), according to Ford, who has examined 
more than 200 cases of this type. There should be 
no difficulty in distinguishing these plexus injuries 
from the preceding motor disorders. The paralysis 
is restricted and complete. The condition is nearly 
always unilateral, though a few cases with bilater^ 
involvement have been reported. The infant with 
Erb’s palsy lies in a characteristic position* the 
affected arm is adducted and internally rotated at 
the shoulder and extended at the elbow. TTie del- 
toid, spinati, biceps, brachioradialis, and upper 
pectoral muscles arc paralyzed. The diaphragin on 
the side of the palsy, instead of descending with 
each inspiration, moves paradoxically, and the effi- 
ciency of pulmonary vcntil.ation may be greatly 
reduced. During spontaneous movements and in 
the Moro reflex the affected limb is motionless The 
grasp reflex is preserved in upper plexus injuries. 
The biceps and supinator reflexes are absent, and 
the triceps is present, but one cannot count on 
these rcffe.xes for they may normally be diflicult to 
elicit In the Klumpke plexus injury the muscles of 
the hand and forearm are paralyzed, whereas the 
function of the shoulder abductor and external 
rotators and elbow flexors is preserved The Umb 
reposes in a flexed position across the trunk, and 
the grasp reflex Is absent. There is often an associ- 
ated Horners syndrome. The remainder of the 
musculature is active. The pathologic change asso- 
ciated with these plexus injuries has not been care- 
fully studied. From the few reports it appears that 
the traumatic lesion involves motor roots at their 
junction with the biachial plexus. In some cases the 
roots are tom from the spinal cord, and the latter 
may be damaged. The treatment of Erb’s pal^ is 
immobilizaUon of the affected arm in an abducted 
and flexed position. Prognosis is good in the major- 
ity of cases, but m severe injuries paralysis may be 
permanent, in which instance the hand or arm fails 
to develop. 

Facial porolysis, due to injury of the facial nerve 
immediately distal to its e.xit from the stylomastoid 
foramen by the application of forceps, is another 
common peripheral nerve affection in the newborn. 
The failure of one eye to close and the difficulty in 
suckling make this condition easy to recognize. It 
must be chsbnguished from congenital facial |ia- 
ralysis or facial diplegia with or without weakness 
of the abducens muscles (Moebius’ syndrome)^ in 
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wbich the facial nerve cells fail to develop. In most 
cases of facial paralysis function is recovered after 
n few weeks; in some the paralysis is permanent 
and may account for an as)Tnmetry observed in 
later life. 

T7ic Rclardcd Child (Feeblemindedness) 

Kfento! retardation has been commented upon in 
the discussion of many of the craniospinal mal- 
formations and in the several varieties of cerebral 
palsy. However, it may also occur as tire only 
neurologic abnormality and must therefore be dis- 
cussed separately. 

To the pediatrician the clinical problem of men- 
tal retardation is one of the most difficult and to the 
parents It is one of the most dreadful of all con- 
ditions. The intelligent father and mother are alert 
to every sign of possible brain injury, and often 
they become alarmed about trivial deviations from 
their standard of normal development. Slomiess in 
sitting, standing, walking, delay in speech, any dif- 
ficulty in acquiring toilet training may be seized 
upon as an indication of feeblemindedness. The 
Internist and general physician are apt to sec only 
the milder noninsbtutionalized patients who roach 
adolescence and adult years and then develop ether 
diseases. 

The primary responsibility of the physician In 
cases of this type is to determine whether there Is 
onmistakable evidence of maldevelopment or dis- 
ease of the brain TJie uncertainty In evaluating 
cerebral function during early Infancy has already 
been discussed. From experience one learns that 
successive examinations, over a period of months 
or years, may bo required in order to evaluate the 
infant’s or cliild's capacity for mental development. 
Above all, the physician should not permit himself 
to be forced into a hasty or premature judgment. 
Deafness, blindness, congenita] speech defects 
(word deafness and word blindness), and motor 
defects must be searched for with particular care, 
(or they may account for an apparent delay in 
mental development by interfering with the learn- 
ing processes. Emotional privation and neglect may 
also lead to some degree of backwardness. How- 
ever, mental retardation of significant degree can- 
not be explained in this way. 

The student confronted with a backward infant 
is likely to be rather bewildered by the vast array 
of developmental abnormalities and diseases which 
may affect the brain nt an early age and prevent 
norma] mental development. It becomes necessary 
to acquire a way of thinking about these problems. 
The authors’ bedside approach has been to attempt 
to categorize each case according to the scheme 
presented m Table 283-2. This can be done by ob- 
taining the necessary clinical data — a careful his- 
tory, in order to determine whether or not the 
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condition is progressive, and a physical examination 
in which one searches for evidences of cranial, 
skeletal, ectodermal, cardiac, and other develop- 
mental abnormalities. Once a patient is categoriz^, 
it is less difficult to decide which of several diseases 
is present. 


Table S83-S. clinical cLASsincATioN op the vabieties 

OF NONPROGRESSrVE IIENTAL RETARDATION 

I. Mental defect with associated developmental ab- 
normalities in nonnervous structures 
A. Those affecting cranioskeletal structures 


8. Cretinism 

9. Cieidocrania] 
dysostosis 

10. Achondroplasia 

11. Gonadal dysgenesia 
(Bonnerde-Ullricb- 
Turner eyndrome) 


1. Microcephaly 

2. Maeroencephaly 

3. Hixlrocephalus 

4. Craniostenosis 

5. Morquio's disease 

6. Gargoylism 

7. Mongolian idiocy 

B. Those affecting nonskeletal structures 

1. Phacomatoses (tuberous sclerosis, von Reck- 
linghausen's disease, Sturge-Weber syndrome. 

etc.) 

2. Ectodermal dj’splasia 

3> Congenital heart disease 
4. Deafness and congenital heart disease follow- 
ing maternal rubella 

II. Mental defect without developmental anomalies in 
nonnervous structures, but with focal cerebral and 
other neurolo^c abnormalities' 

A. Cerebral spastic diplegia with or without invol- 
untary movements (rarely associated icbt)Osis) 

B. Cerebral hemiplegia, unilateral or bilateral 

C. Congenital choreoathetosis or ataxis 

1 . Kemicterus 

2. Status marmoratus (hypoxia?) 

D. Congenital atonic diplegia 

E. Rarely with other inherited nemomusculat ab- 
normalities (muscular dystrophy, Friedreich’s 
ataxia, etc.) 

III. Mental defect without signs of other developmental 
abnormality or neurologic disorder 

A. Simple mental retardation 

B. Kemicterus 

C. Hypoxia 

D. Heller’s disease, variably progressive, may affect 
nonnervous structures 

E. Mentfli defect associated with inborn errois of 
metabolism (c.g., galactosemia, pbenylketonuria, 
hypotbyroidi-nn, maple syrup urine disease, etc.) 

F. Congenital infections (« g , c> tomegaiw inclusion 
disease, syphilis, toxoplasma»is, etc.) 

• A number of progressive neurolop'c diseases — chronic 
subdural hematoma, lipidoses, and cerebral scleroses — 
may be confused with these static defects. 


Clinical Characteristics. As an aid to the genera] 
physician who roust undertake the diagnosis and 
management of backw’ard children, the following 


comments may be of some value. Mental retarda- 
tion manifests itself in the spheres of motor, ].in- 
guage, social, and intellectual development. The 
severely retarded child at idiot level with an in- 
telligence quotient (IQ) of Jess than 20 and un- 
able to look after himself often does not sit up, 
WTilk; or stand, and if any of these motor activities 
is acquired, it appears late and is imperfectly 
performed. Language is not mastered, or at most 
only a few words are imderstood and uttered, 
^lysical groivth is usually retarded; nutrition may 
be poor, and susceptibility to respiratory infections 
is oimmon. Sphincteric control is never accom- 
plished. Most of these severe aments never leam 
to dress, bathe, or feed themselves or to use imple- 
ments and common tools. Physical deformities are 
common in this group, and they always suggest 
that the brain disease began in the antenatal pe- 
riod, because of either a genetic disorder or a dis- 
ease which occurred during the first 12 weeks of 
pregnancy. Affections of the nervous system which 
have their onset later in life are usually not at- 
tended by bodily disfigurement. 

If the mental defect is less pronounced, with the 
IQ 20 to 50 (i.e., imbecile), or 50 to 70 (i.e., 
moron), and if specific motor defects do not co- 
exist, then sitting, walking, and speech arc ac- 
quired but only after a delay, in many cases. The 
existence of a ceiebral defect may be noted for the 
first time when the child fails to speak normally 
during the second and third years of life and seems 
not to be able to leam the usual household tasks as 
well as other children. Howeier, delay in language 
development must not by itself be taken as a mark 
of mental retardation, for many bright children 
who are obinously intelhgent and who show re- 
markable talent in communicating by gesture are 
slow in talking. Toilet training also may be difficult 
to accomplish in the retarded child, but again it 
may be delayed in an otherwise normal child be- 
cause of incorrect parental attitudes and emotional 
problems. The appearance of these retarded c!ii!- 
dren is revealing, for many have a dull, apathetic 
appearance and their motor activity may be either 
r^uced or excessive. Some are very docile and 
affectionate; others display a curious inquisitii'e- 
ness, irritability, and destructii’eness. The most ex- 
treme degree of this overactivity is seen in the 
patient with “organic driveness," a term introduced 
by Eugene Kahn to designate the incessantly mov- 
ing, incorrigible child who strikes at or bites every' 
person or object which thwarts him in any way 
and who demolishes every object which he can 
reach. Some of these diildren seem strangely im- 
pervious to injury, and neither reward nor punish- 
ment influences them. This organic driveness is 
perhaps mote commonly observed in acquired post- 
natal encephalitis than with congenital d‘ 
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Rhytlimic rocking, rolling, head hanging, and 
bouncing ino\-cmcnts are common in retarded chil- 
dren and may be performed hour after hour, often 
to the accompaniment of bleating sounds, squeals, 
and other ejaculations. Here the abnormality is not 
the appearance of rhythmic movements of the 
body, which are observed at one period in the 
development of many normal children, but their 
persistence. Music may encourage rhythmic move- 
ment and gives pleasure to many retarded children. 

The least severely retarded child (IQ 50 to 70) 
grows and develops in many ways not different 
from normal, and he can be taught useful occupa- 
tional skills. A few can Nvork under careful super- 
vision. 

Special Varieties of Mental Retardation. Several 
of the special ^"pes of mental retardation are being 
discuss^ in this and other chapters (see lipidoses 
and cerebral sclerosis, in Chap. 290). In the follow- 
ing pages are presented only those with special 
features. 

Mongolism. This is a unique condition, and al- 
though accounting for only about 1 per cent of all 
mental defectives, it is the reason for one-third to 
onc-holf the admissions to state schools. Mental 
retardation which varies from mild to severe, a 
curious facial configuration witlt an Oriental cast 
to the eyes, and a dwarfed physical stature con- 
stitute a epical triad. Many of the stigmas of 
mongolism can be recognized in the neonatal pe- 
riod. The head tends to be small and oval, with the 
forehead sloping. The ears ore set low on the scalp 
and are oval ^v^th small lobules. The eyes slant 
slightly upward and outward oivmg to the presence 
of an epicanthal fold, which covers the medial 
angle of the palpebral fissure. Tlie bridge of the 
nose is generdly absent or poorly developed, and 
the crest of the nose small. The moutli tends to 
hang open, and the tongue is usually enlarged, 
heavily fissured, and protruding. Gray-white specks 
of depigmentation are seen in the iris (Brushfield’s 
spots). The little fingers are often short and curved, 
owing to a hypoplastic middle phalanx The bands 
are broad and simianlike, with a single transverse 
palmar crease. Lenticular opacities and congenital 
heart lesions are found in some cases. At birth the 
mongoloid child Is of average size, but at later 
periods of life he is characteristically small. Benda 
estimates that the average adult person with mon- 
golism, of whom there are many, never exceeds 
the stature of a ten-year-old boy. The resemblance 
to the Oriental is at most superficial; in fact the 
differences are so striking that it is quite easy to 
recognize the condition in tliose of Oriental herit- 
age. 

The cause of mongolism is not knoivn. It has 
been suggested that the defects arise as a result 
of some metabolic abnormality wliich occurs late 
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in the second or early third month of pregnancy. 
Older mothers are more apt to have mongoloid 
babies than are young mothers. The mc.in age of 
tlie mother at the time of birth of the mongoloid 
child is thirty-seven. It is tliought by some workers 
that a genetic factor is responsible, but familial 
incidence is rare. Aside from a rather rounded 
brain, which conforms to the shape of the skuD, 
a subnorm.*!! weight, and a relatively simple con- 
volutional pattern, with particular smallness of the 
superior temporal convolutions, no abnormalities 
can be seen in the brain of the mongolian idiot 
Of great interest has been tlie demonstration of 
abnormal chromosomal patterns in these children 
(Lejeunc). Trisomy of chromosome pair 21 has 
been found repeatedly by many workers; the rare 
concurrence of mongolism with Klinefelter's syn- 
drome is explained by this and an additional X 
chromosome. Translocations of chromosomal parts 
has been reported in a few mongols of younger 
mothers. 

Crelinism. This is due to congenital deficiency 
of thyroid secretion and is distinguished from 
myxedema, a form of hypothyroidism acquired 
later m life (see Chap. 66). 

Carsoylism (Uunler-HurJer Disease). This con- 
dition is discussed in Chap 290. Mental develop- 
ment may be norma] or retarded to a variable de- 
gree and hydrocephalus may occur. Postmortem 
examination has shown the nerve cells to bo swol- 
len with inclusion material, wlilch chemical analy- 
sis shows to be a gangbosidc Lke that found in the 
nerve cells of Tay-Sachs, infantile Gaucher’s, and 
Niemann-Pick diseases. There are also fat-laden 
macrophages in tlie perivascular spaces, and in the 
meninges both macrophages and an increase in 
fibrous tissue. Glycogen and a peeub'ar lipoprotein 
material are also found in Uvet cells and the Kup- 
ffer cclb and macrophages in a fashion reminiscent 
of von Gierke’s disease. 

Osteochondrodijatrophtj {Morquio’s Disease). 
Sometimes confused with gargoylism, this is a non- 
progressive osseous disorder with a cranial appear- 
ance similar to that of gargoylism. Some patients 
have a normal mind, others have a stationary men- 
tal delect, but in the latter none of tlic typical 
brain lesions of gargoylism have been found and 
the nature of the anatomic defect remains un- 
knmvn. No visceral lesions have been observed. 
The pnmarj' defect is belie%ed to be one of the 
chondroblasts 

Pbentflkefonuria (Fhenvlpi/riivic Olisopitrenia). 
This condition is discussed in Chap. 98. 

Galacfosemia. Another congenital metabolic dis- 
ease. galactosemia is thought to be transmitted by 
a sm^e, autosomal recessive gene. It is character- 
ized clinically by mental detect, cataract, nausea, 
vomiting, hepatomegaly, jaundice, and the excre- 
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tion oF large quantities of galactose in the tirine. 
The biochemical defect is discussed in Chap. 94. 

Anhidrolic Ectodermal Dysplasia. This is a con- 
genital disorder in which there are anhidrosis, de- 
fects in salivation, lacrimation, sparse hair, and 
faulty dentition. Heat intolerance with paroxysmal 
fever, unrelated to infection, may occur. Several 
of the reported cases have been feebleminded. A 
sex-linlced inheritance pattern has been reported. 
The neuropathologic basis for this disease is un- 
known. There is no treatment. 

Heller’s Disease (Dementia Infantilis). This con- 
dition is of uncertain status. Neurologists and some 
p^chiatrists look upon it as a cerebral disease of 
undetermined cause. Other psychiatrists believe it 
to be a form of precocious schizophrenia. As a rule 
the onset is in about the third or fourth year of 
life. At this age, usually without pre\nous i^ess, a 
change in character is noted. Irritability, oegaKv- 
ism, disobedience, and outbursts of unprovoked 
temper become manifest. Restlessness and destruc- 
tiveness are other prominent symptoms. Toys with 
which the child had played normally are now 
senselessly destroyed. Within a few months there 
is complete loss of speech, and also failure in the 
understanding of words. Grimacing and lidike 
movements appear, but motor and sensory func- 
tions are preserved- Continence of sphincters is 
lost. The mental regression continues to a stage of 
idiocy, but all through the illness the patient con- 
tinues to give an impression of greater intelligence 
than do most feebleminded individuals. Many pa- 
tients of this type reach adult life but remain in 
institutions. The pathology of the disease is un- 
known. A few of the reports state the brain to be 
abnormal and suggest that there may be degenera- 
tion of ganglion cells like that of Tay-Sachs disease, 
but the illustrations are unconvincing. There is no 
treatment. The relationship of this disease to cases 
of so-called “childhood schizophrenia” and infan- 
tile autism is not always clear. It is said that the 
patient with childhood schizophrenia, although 
withdras'.’n and mute, maintains an inquisitive in- 
terest in his surroundings and is clever in handling 
tools and in manipulating objects. A clinical dis- 
tinction between these entities has not proved pos- 
sible in the authors’ experience. 

Simple Mental Retardation, Although presented 
last, this category includes the great bulk of chfl- 
dren with ment^ defect of indeterminate etiology 
who exhibit neither craniovertebral or neurolo^c 
abnormality. The degree of mental imp.'iirment 
tends to be mild (moron, feebleminded, educable) 
or moderate (imbecile, trainable). Penrose found 
that this group of aments comprised 24 per cent of 
1,280 institutionalized children, and of course those 
who arc in institutions represent only the more 
severely damaged individuals in our socic^. The 
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pl^’sical appearance of these children is usually 
not strikingly abnormal; yet many of the afore- 
mentioned characteristics of the mentally retarded 
child are to be observed. Seizures occur in a sig- 
nificant number, being several times more frequent 
than, in a normal population. Within the limits of 
their intelligence, the success of these children in 
learning to look after themselves is often deter- 
mined by the eSectiveness of their teachers and the 
suitability of the environment in which they are 
placed. The brighter ones can profit to some extent 
from fonnal education. Those less well endowed 
may be trained to care for their personal wants and 
needs and may profit from a limited amount of 
manual training. Special schools and classes are of 
great help. 

Society, in the final analysis, determines the 
eventual disposition of these unfortunates. Many 
of them, being not imattractive and giving less 
trouble than many other defecb’v’e children, may 
adjust to foster families and live in a community. 
They need protection, for they are easily led astray 
and may commit infractions of the law, usually of 
a minor sort. Sexual offenses are common in the 
girls. Institutionalization is required when family 
and society cannot or do not wish to look after 
them. Reproductivity is frequently impaired in 
those with severe mental defect but may be dis- 
tressingly undisturbed in many of the less defective 
individi^. 

The problem of eugenics assumes great impor- 
tance. This type of mental defect is often seen in 
families where one or both parents are dull or 
retarded. The term familial may be applied to this 
group. However, the majority of cases are sporadic. 
Probably there are multiple etiologic factors which 
may lead to simple mental retardation. The pa- 
thologic change is variable, ranging from “no 
demonstrable lesion” to several different gross and 
microscopic abnormalities. 

Management of the Retarded Child and His 
Parents. It is an unpleasant task to inform parents 
that their child is abnormal in any respect, and 
many, if not most, parents find it difficult to accept 
a mental defect without much self-recrimina- 
tion and feelings of guilt. To give an honest state- 
ment of the degree of the child’s retardation and, 
based on the nature of the problem, some profes- 
sional esUmate of the likelihood of future growth 
and de\*elopment, once one is sure of the status and 
potentialities of the child, require tact and sjmpa- 
theb'e understanding. The family must eventually 
be told to what extent the child is likely to bo 
bainable or educable. Obviously this can often !>e 
no more tlian an educated guess, and if tliere is 
still reasonable doubt about the future, this ffict 
should be so stated. In general it should be possible 
to ^vc at least a rougli approximation of the 
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child’s capabilities and likely attainments. Fre- 
quently the parents tliemscKcs are well aware of 
the child’s limitations, and then a useful technique 
is to ask the parents to estimate the nature of the 
problem. The physician is in this way informed 
of the degree of their insight and their general 
atb'tudes. He may then agree with them or may 
amplify and clarify any misconceptions. 

"The parents will want to know the probable 
cause ox the defect and the liV-ehhood of subse- 
quent children being affected In most instances 
the ansNset to the second question will depend on 
the etiology. If the abnormahty is determined by 
known genetic factors, as in congenital micro- 
cephaly, phenylpjTuvic oligophrenia, or tuberous 
sclerosis, there is of course a strong hkehhood of 
other cliildren being abnormal. If on the oUier hand 
the abnormality is due to specific environmental 
influences peculiar to the pregnancy, as in the case 
of matem^ rubella or excessive radiation to the 
pelvis, the prospects of having other normal chil- 
dren are good. Unfortunately in the great majority 
of cases the etiology ivill not be certain, and advice 
must be tendered cautiously. It is quite clear from 
the studies of Penrose, Halperin, and others tliat the 
cliance of parents of normal intelligence vvtth one 
defective child having other subnormal children is 
greater than that of the general population If one 
ot both parents is of less than normal intelligence, 
or if there is consanguinity m the parents, then the 
risk IS considerably greater. A teccssiv'e trait in a 
first child, which is inlierited in only one of four 
children and cannot bo passed on in overt form to 
succeeding generations, need not discourage a 
family from “taking a chance” on having other 
normal children. 

Special Paroxysmal Disorders of Mercotis 
Function in Infancy and C/u7d/iood 

The convulsive disorders hai'e been discussed 
m Chap. 30, Recurrent Convulsions, and ail that 
was said there applies to infants and children as 
well as adults There are, however, many special 
problems raised by the child who is having spells 
or seizures, and these must be known and properly 
interpreted by the physician, who upon seeing the 
patient at a more advanced age obtains the histoiy 
of these spells. 

The incidence of convulsions is known to be high 
in mfancy and early childliood, and seizures at tmt 
age may have an altogether different significance 
than in the adult. All the seizure patterns that may 
be witnessed in the adult may also occur in infancy 
and childhood — i.e., focal motor and Jacksonian as 
well as petit mal and psychomotor seizures — but 
certain ones appear at tins age which are not often 
observed in the adult. These are tlie petit mal and 
its varLints and m.issive myoclonus, Tlien, too. 


there are other types of spells, unique to Infancy 
and childhood, which must be distinguished from 
convulsions, i c., brcalh-holding spells and the con- 
gestive attacks that accompany congenital heart 
disease 

Seizures have different meanings at different 
periods of infancy and clUldhood. A scries of seiz- 
ures llial occurred during the neonatal pcriml must 
always be regarded as an omen of cerebral tlamagc. 
It miy have been due to subdural and subarach- 
noid licmorrhagc, in which unresponstvcncss. pal- 
lor, periods of aprvea, bulging fontanel, and grossly 
bloody cerebrospinal fluid clarify the diagnostic 
probl^ It may reflect a congenital brain disease, 
sometimes of sucli major proportions as to have 
prevented further development, or it may have 
been so slight as not to disturb the normal matura- 
tion processes Actu.illy very little is known of the 
import of seizures at ^is penod with reference to 
prognosis for mental development. Infantile tetany 
during the first 2 to 3 weeks of life may have been 
the cause of seizures as vvell as of a remarkable 
stiffness of limbs and carpal sp.isms. (The Chvostek 
sign is misleading at this ngc, being present in 
m.nny nonnal babies ) Only tlic blood calcium (mil 
phospliorus levels and the response to Intravenous 
caldum would have confirmed the diagnosis. A 
single outburst of seizures in o previously healthy 
vrvfant may have been merely an expression of the 
low convulsive threshold of the infantile nervous 
s)"slem. as m febrile convulsions, or may signify a 
mortal process such os acute toxic encephalopathy, 
thrombosis of the superior sagittal smus or cerebral 
veins, meningitis, hypoglycemia, brain hemorrhage 
from an angioma, or massive arterial infarction. 
Idiopathic epilepsy also begins during infancy and 
childhood and may interfere relatively little with 
norm.il development. Brain tumors are an infre- 
quent cause of seizures during infancy and child- 
hood. 

Febrile Fits 

Cctlam infants and children are disposed to con- 
vulsions with fever. Lennox estimates that approxi- 
mately 2 per cent of all children have one or more 
convulsions with fever at one time or another dur- 
ing infancy or childhood. In some 20 per cent of 
Uiese cases it can be decided in retrospect that 
fever has served merely to precipitate a seizure in 
an individual who has suffered a cerebral disease or 
who has idiopathic epilepsy. Such individuals will 
continue to have seizures, unassocialed with fever. 
In the other 80 per cent of cases, seizures occur 
only duiing febrile episodes and never recur be- 
yond early chijdhijod The reason for this low 
seizure threshold in the infantile brain is unknown, 
but a family history of similar febrile fits in Other 
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members of the family can be obtained in about 50 

per cent of cases. 

From the history' it can usually be learned that 
febrile convulsions have occurred between the ages 
of one and three years; only a few cases are seen 
earlier or later — up until the age of se\’en or eight 
years. Any febrile illness may have been provoca- 
tive, but usually a rapid ascent of temperature to 
103®F or higher was responsible. The seizures 
themselves are generalized and of short duration 
and may have occurred singly or in a duster of 
two or three. The postictal coma is of short dura- 
tion. No record of focal or lateralizing neurologic 
signs can be obtained. The cerebrospinal fluid is 
dear and acellular and the tofed protein normal. 
The electroencephalogram is diffusely abnonnal, 
with theta and delta waves predominating in all 
leads immediately after the seizure, with rapid 
return to normal at tbe termination of the illness. 
After the illness there should be no residual signs 
of brain disease. 

It must be remembered that there are certain 
sources of error in the diagnosis of febrile convul- 
sions. The fever may have been caused by con- 
vulsions, as so often happens in idiopathic epilep^, 
especially with status epOepticus. Some primary 
inflammatory disease of the brain or meninges may 
have been responsible for both fever and convul- 
sions. Meningitis, for example, may have begun 
in this way but would probably have ended fatally 
if not diagnosed and treated. 

Massine Myoclonus 

This syndrome, Imown also by the names infan- 
tile muscular spasm, Bliizl^ramp/, mj/ocfonic sci- 
suro, “Salaam fit,” "flexor spasm,” and “jackknife 
seizure,” has been recognized recently and should 
be knoum to genera] physicians and internists for 
they may see the patient long after the seizures 
have stopped. In essence it is a sudden synchronous 
contraction of many muscle groups. Contraction of 
flexor muscles usually predominates, and there is a 
sudden flexion of trunk, neck, and extremities, 
often accompanied by a cry or occasionally hy a 
laugh. In some patients there is a combination of 
flexor and extensor movements, and least often the 
contraction of extensor muscles predominates, with 
a straightening of the body and a fall backw’ard. 
The spasm itself is usually momentary but often 
recurs one or several times, with each spasm sepa- 
rated from the next by an interval of a few sec- 
onds. There may be only a few spasms in a cluster 
or upward of a hundred or more in a series. They 
arc especially frequent as the patient is falling off 
to sleep or upon awakening. The patient may fall, 
if he is standing at the lime of the spasm. Sensoiy 
precipitation by handling, feeding, noise, and fcs'cr 
ha' e been noted. 
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Massive myoclonic spasms usually begin during 
the first fmv months of life and tend to disappear 
or to be replaced by other seizure patterns between 
the second and third years of age. The pathophysi- 
ology is not well understood, and the neuropa- 
thology of the condition has not been studied 
systematically. 

However, massive myoclonus has been observed 
in a number of clinical states including mongolism, 
congjcnital malformation, and disorders of amino 
acid metabolism such as phenylketonuria and 
maple syrup urine disease. The frequent association 
of mental retardation (over half the cases) and the 
consistent diffusely abnonnal electroencephalogram 
with bursts of high-voltage slow waves, referred to 
as hypsarrhjthmla by Gibbs, suggest a diffuse neu- 
ronal pathology. It is of interest that the seizures 
may become less frequent as the dementia pro- 
gresses. 

In early life parents may mistake the flexor 
spasm for colic. This is especially true when feed- 
ing is a precipitating stimulus. Colic, however, is 
never associated with even a transient loss of con- 
sciousness. Associated seizure phenomena, such as 
rolling up of the eyes and pupulaty dilatation, may 
be helpful points. In tbe young infant this condi- 
tion may also be confused with the Moro reflex, 
but such an error is avoided if one gives attention 
to the precipitating sensory stimulus, which is dif- 
ferent in the two conditions, and to the movements, 
which usually occur in series. Nc\’ertheless, the 
similarity of the movement pattern suggests that 
massive myoclonus and the Moro response prob- 
ably both utilize the same physiologic mecha- 
nisms. 

The treatment of the seizures is difficult. Some 
respond dramatically to the first drug tried but 
soon become resistant to it. Several authors ha\e 
reported recently that treatment with adrenocorti- 
cotropic hormone is beneficial, especially if it is 
begun tn the first 2 to 3 weeks of the illness. 

"Breath-holding Spells" 

This is a special t)pe of attack peculiar to young 
children. Anger or a mild injury is the precipitating 
factor. The pab’ent begins to cry or scream. After 
a few’ moments he suddenly stops breathing and 
remains apneic for many seconds to as long as a 
minute. During this period there is a color change 
from an initial redness to cyanosis, presumably as 
the result of hypoxia. If this persists for a short 
period, the pab’ent suddenly becomes limp and is 
unresponsive for some seconds. Con'iilsive twitch- 
ing may occur, but rarely is there a sustained con- 
vulsion. The w’liole attack is os’er in one to a few 
minutes. The child may then be drtnvsy and sleep 
for a short while thereafter or may be at once as 
alert as before. Such attacks usually begin late in 
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the first year of life and rarely after the third year. 
The)’ are DUtgio\vn, so to speak. The mechanism 
is unclear; in breath holding the infant may per- 
form the Valsalva maneu\er and then faint, as in 
tussi\’e S)’ncope. The treatment consists of reassur- 
ance and a careful explanation of the spells to the 
family. It should be pointed out that in certain 
instances a child may seem to "use” the altacJ.S 
to obtain what he wishes and that by ignoring 
them they may be eliminated or reduced in num- 
ber. 

Apnea may be observed os a fragment of a gen- 
eralized seizure and must be differentiated from 
breath holding. Tlie serjuence of events is so char- 
acteristic in breath holding that the diagnosis is 
usually not difficult. 

Congestive AtlacJa ivlth Congenital Cardiac 
and Ptilmononj Disease 

This condition has been described only recently 
and is of importance in the histories of cases of 
congenital heart disease. Cyanotic infants and 
children with gravely limited cardiopulmonary 
function may, upon some unusual exertion or ex- 
citement or whdo crying, momentarily lose con- 
sciousness and twitch a few tunes. Presumably the 
spel! depends on hj’poxia or inadequacy of cere- 
bral blood flow. It must be distinguished from 
seizures which occur with tt higher than normal 
frequency In patients witli congenital heart disease. 

Hypoglycemia 

As stated in Chap. 34, Coma and Related Dis- 
turbances of Consciousness, hypoglycemia may 
cause seizures and unresponsiveness, but as a rule 
the seizure does not interrupt a norm.iI state of 
consciousness. An unexpected convulsion is almost 
never due to hypoglycemia alone. V'hen this slate 
IS encountered in irfants, it is sometimes traceable 
to a hepatic form of glycogen storage disease in 
which there is an inherited defect of an engine 
system necessaiy in the synthesis or breakdown of 
glycogen. These children tend to be obese. Hepato- 
megaly and splenomegaly are important clmical 
features. Tlie failure of epinephrine to produce a 
significant rise in the blood sugar levels js diagnos- 
tic of glycogen storage disease. Treatment consists 
of a regular diet supplemented by carbohydrate 
about 45 min after each meal to offset the fall in 
blood sugar. 

Older children ore prone to att.icks of idiopathic 
hypoglycemia. They tend to be thin rather than 
obese, and the attacks occur on a background of 
rcl.ilively poor intake of food or actual fasting for 
12 to 36 hr. Occasionally the child has engaged in 
unusually strenuous and prolonged exercise prior 
to an attack. The mechanism is not clearly imder- 
stood, but depletion of glycogen stores and lack 


of available sugar due to fasting have been sug- 
gested. The symptomatology is fairly charactcnstic. 
The child is noted to be apatlietie or mentally dull 
and pale. Vomiting occurs early, and there may be 
a compbint of lumgei despite the vomiting. If no 
food is ingested, stupor, coma, or conmlsions may 
develop. The seizures tend to consist of irregular, 
poorly synchronized twitchings that may shift from 
side to side. They may continue for long periods 
A weH-circumscnbcd, isolated convulsion, however, 
is uncommon. 

Hypoglycemia as a result of hypopituitarism, 
Addisons disease, and renal glucosuria, as in the 
de Toni-Fanconi syndrome, is occasionally seen in 
children. Pancreatic adenomas are rare in tin's age 
group. 

CONCLUSION 

A knowledge of these special neurologic prob- 
lems of infancy and childhood is of v.i]ue to the 
student, ns well as to the general physician or in- 
temist. It enables him to understand the nature of 
such illnesses when lliey arc encountered in adults 
and permits better evaluation of their role in any 
new illness Also, the habit of making observations 
on the level of native intellectiul endowment is of 
importance Tlie histones given by patients with 
neurologic problems must always be carefully 
checked against an outside source; in planning for 
therapy one must always enlist the aid of the 
responsible member of the family or, if the patient 
is insb'tutionalized. of the nurse or attendant. Fi- 
nally, problems in eugerucs arc likely to arise, and 
the physician is often asked to advise the family 
or health agencies in tlie community on such mat- 
ters Accurate diagnosis and a carefully established 
genealogy usually permit a separation of a genetic 
from an acquired disease and are of some value in 
predicting the occurrence ol such diseases in the 
progeny of the affiicted mdividual. 
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OQA CEREBROVASCULAR 

AO'-t disease and the 

STROKE SYNDROME 
C. Miller Fisher, Praful M. Dalai, 
anti Raymond D. Adatns 

Vascular diseases of the nervous system rank first 
among all the diseases of the nervous system. Tlie 


THE NERVOUS SYSTEM 


recognition of this fact and of the need of careful 
investigation of the causes and mechanisms of 
these diseases has aroused increasing interest m 
this subject in the past 10 years, and for the first 
time the common “stroke case” is being made the 
object of systematic study. Furthermore, it is evi- 
dent to all who work in this field of medicine that 
the cerebrovascular diseases provide one of the 
best approaches to the study of neurolo^. No 
other group of diseases creates with such precision 
a localized brain lesion of comprehensible type or 
permits a nervous disorder to unfold with such 
clarity. In the past the neurologist, in attempting 
to learn the secrets of the function of the human 
brain, has depended heavily on the focal ischemic 
lesion, and there is no reason to doubt that cerebro- 
vascular disease will continue to offer instructive 
examples of disorders of nervous function, the as- 
siduous study of which will be well repaid. 

Every neurologic disease may be said to involve 
the vasculature of the nervous system in one way 
or another, and it is necessary at the very outset to 
delineate the boundaries of the subject. The term 
cetehroxtascular disease is intended here to denote 
any disease in which a derangement of the circula- 
tion to any part of the brain is the primary dis- 
order. The responsible pathologic process may be 
an abnormality of the vessel wall, an occlusion 
by thrombus or embolus, rupture of a vessel, a 
failure of cerebral blood fiow due to a fall in blood 
pressure, a change in the caliber of the lumen, 
altered permeability of the vascular wall, or in- 
creased viscosity of the blood. The pathologic proc- 
ess affecting the vessel can be described not only 
in terms of thrombosis, embolism, rupture of a 
vessel, etc-, but also according to the more basic 
aspects of the vascular disorder, e.g., atherosclero- 
sis, hypertensive arteiiolosclerosis, arteritis, trauma, 
aneurysm, developmental malformation, etc. Fur- 
thermore, in studying cerebrovascular diseases one 
must consider not only the vascular lesion but also 
the resultant changes in brain tissue. The patho- 
logic changes in the brain arc limited to two types, 
ischemia with or without infarction and beraor- 
thage. This is the sum total, and aside firan these 
the vascular lesion is silent, the only exceptions 
being the local pressure effects of an aneurysm, 
vascular headache (migraine, hypertension, arteri- 
tis), and occasionally increased intracran^l pres- 
sure as in hypertensive encephalopathy and venous 
thrombosis. 

Brain tissue is dependent for its existence oi> the 
moment-to-moment supply of oxygenated blood. 
In Stokes-Adams attacks unconsciousness occurs 
within 10 sec of cardiac aaest. In animal experi- 
ments stoppage of blood flow for longer than 3 min 
produces irreversible damage. WTicn brain tissue is 
deprived of blood and oxygen, it undergoes ische- 
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mic necrosis (infarction) and is destroyed. Ob- 
struction of the nutrient artery by thrombus or 
embolus is the usual cause, but failure of the sys- 
temic circulation and hypotension, if severe and 
prolonged enough, can also produce infarction. 
Cerebral infarcts vary greatly in the amount of 
congestion and hemorrhage found within the sof- 
tened tissue. Some infarcts are strikingly pallid 
(pale infarction)^ others show mild congestion (di- 
latation of vessels and some extravasation of red 
blood cells), and still others show an extensive 
scattering of petechial hemorrhages throughout the 
damaged gray matter (red infarction). Thrombotic 
infarcts are usually pale, while embolic infarcts are 
sometimes pale, sometimes red; i.e., red infarction 
is usually a sign of embolism. The reason for the 
different coloration of softenings is not known, al- 
though one hypothesis attributes it to the fragmen- 
tation and migration of embolic material from its 
original site of arrest, tlie movement distally allow- 
ing blood to enter the part of the infarct lying 
more proximally. 

A hemorrhage consists of an extravasation of 
blood into the parenchyma or the subarachnoid 
space or both The blood is slowly rcsorbed over a 
period of weeks and months. Damage to the brain 
results from the pressure of the mass of blood on 
the surrounding tissue combined \vith physical 
disruption of the region directly involved. 

In classifying cerebrovascular diseases it is most 
practical from a clinical viesvpoint to preserve the 
three classical divisions, thrombosis, embolism, and 
hemorrhage, listing the causes of each in the cor- 
responding section. This method has some disad- 
vantages in not providing a precise niche for dis- 
orders such as reversible ischemia, hypertensii’c 
encephalopathy, venous thrombosis, etc. These lat- 
ter xvill be discussed separately. 

THE STROKE SYNDROME 

The clinical picture resulting from vascular dis- 
ease is in most instances so distinctive that the 
diagnosis is more readily made than any other in 
the realm of neurology. The cardinal feature is the 
strol-e, a term which connotes the sudden and 
dramatic development of a focal neurologic deficit. 
In die severest form of a stroke, the patient falls 
hemiplegic and even unconscious — an event so 
striking as to deserve its osvn separate designation, 
viz., apoplexy, stroke, shock, or cerebrovascular 
accident. In its mildest form, it may consist of only 
a trMal neurologic disorder insufficient to disturb 
the customary actirities of the patient or to demand 
medical attention. 

Undoubtedly, the most characteristic feature is 
the sequence of c>’cnts which may be called the 
tempom profile of the stroke. It is the suddenness 
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with %shich the neurologic deficit develops that 
esperially stamps the disorder as vascular. Tire 
speed of evolution, though variable, depending on 
the cause, is comparatively rapid, and the deficit 
appears in a matter of seconds, minutes, hours, or 
at most a few days. When a thrombotic stroke 
develops over a period of several days, it usually 
progresses in a stcpvWse fashion, i e., in a series of 
sudden changes, rather than smoothly. A slow, 
gradual dovsTihiil course over a period of several 
days to a few weeks or more indicates that the 
process is probably not vascular in nature. Later 
in the course of the illness, if the attack is not fata], 
some stabilization occurs followed by some degree 
of recover)’. Not infrequently an e.rtcnsive deficit 
reverses itself dramatically within a few hours or a 
day. More often, however, the improvement is 
gradual, taking place over weeks and months. 

It must not be supposed that every neurologic 
abnormality in patients witli cerebrovascular dis- 
ease can be related by the patient or his family to a 
stroke. Often the exact date of onset of a given 
s)mptom cannot be remembered. One has the 
impression that some of the vascular Incidents, 
especially in the hypertensive patient, are so mild 
tliat they do not attract notice until their cumulative 
effects become manifest as a neurologic deficit of 
indeterminate date. Furthermore, patients with 
lesions in the right (nondomlnont) parietal region 
often have anosognosia and cannot be depended 
upon to give any of the important detaib of Ihcir 
illness. In dominant hemispheral lesions, aphasia 
hampers history-taking. 

The neurologic deficit in a stroke depends, of 
course, on the location of the Infarct or hemorrhage 
in the brain and the size of the lesion. Hemiple^a 
is tlie classical sign of vascular disease and occurs 
chiefly with massive lesions of either cerebral 
hemisphere, but it also occurs vvitli lesions of the 
brain stem. In the most serious cases of hemorrhage, 
the patient literally falb in hb tracks, paralyzed on 
one side, and soon passes into deep coma and dies 
within a few hours. In other cases, more commonly 
in infarction, the patient, altliough hemiplegic, 
remains alert, and from the beginning it is obvoous 
that he will survive his illness whether or not neuro- 
logic recovery occurs. A stroke, however, may give 
ruo to many manifestations other than a hemiplegia, 
c.g., numlmess, sensory deficit, dysphasia, blind- 
ness, diplopia, dizziness, dysartliria, etc. In the 
following paragraphs these manifestations will be 
emphasized equally with hemiplegia 

To summarix briefly, it might be said that the 
stroke syndrome is the common denominator of all 
ccrebrovQscuIor disease and is recognized chiefly by 
its temporal profile and clutracterblic focal neuro- 
logic deficit. 


In practice, however, the diagnosb of cerebro- 
vascular disease is established by the entire con- 
stellation of clinical features. Often the patient is 
elderly and arterial hypertension is present. There 
may be evidence of vascular disease at other sites, 
c.g., heart, low’er limbs, and aorta; or the patient 
may have diabetes meUitus and thereby be pre- 
disposed to atherosclerosis. A source of emboli may 
be present (atrial fibnllation, myocardial infarction, 
subacute bacterial endocarditis, etc.). Many strokes 
are preceded by transient warning episodes of 
weakness, numbness, dizziness, etc., and these 
attacks, if they are nonconvuJsive in nature, should 
always suggest thrombotic cerebrovascular disease. 
The neurologic signs may occur in certam com- 
binabons having a neurovascular relabbnship: i-e , 
they may depend on structures which he vvnthin a 
given vascular territory, as in the lateral medullary 
syndrome, and thus suggest occlusive vascular dis- 
ease And last but not least, the presence of blood 
m the cerebrospinal fluid signifies that the process 
is vascular, and diagnostic deductions can proceed 
from that vani.ige point. 


CEREBRAL THROMBOSIS 

To6/< S8i-I. CAUSES or cesedrai. tdsombobis 
I Atherosrlorosis 
11 Ruptured saccular aoeuTyam 
III Cerebral throrobopblebuis: secondary to infection 
of ear. pnraRasal sinus, face, etc.; with meniniptu 
and subdural cmp>ma; debilitating states, post 
partum, postoperative, cardiac failure, bemato- 
logic disease (poJycjthemia, sickle-cell dwease), 
and of undetermined cause 
IV. Arteritis 

A Mcuingovascular syphilis, arteritis secondary 
to pjogenic and tuberculous meninplls, rare 
types ftyphus, schistosomiasis mansoni, ma- 
lam (?), tnehinosis (7), mucormycosis, etc J 
D Conneetiie tusue tinettstf polyarteritis (necro- 
tumg, granuloiTiatous, allerpe, Wegner’s), 
temporal artcnlw, Takayasu’s disease, granu- 
IwRatous arteritis of aorta, lupus erythema- 
tosus 

V. Hematologic disorders: polycythemia, sicUe-cetl 
disease, thrombotic ihrombopenia, etc. 

VI Trauma to carotid 
VIL Dissecting aortic aneurysm 
VII! Systemic hypotension: “simple faint,” acute blood 
loss, tnjocardUl infarction, Stokes-Adams sj-n- 
drame, traumatic and surgical shock, sensitive 
carotid sinus, severe postural hy(>otension 
IX- Compiicationa of artcrio^raphj- 
X. Mipainous aura aitb persistent deficit 
XL With tentorial, foramen magnum, and subfolcial 
herniation 
XII. Ilypotia 
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XIII. Miscellaneous rare types: radioactive or x-ray 
radiation, lateral pressure ol intracerebral hetaa* 
toma, unexplained middle cerebral infarction in 
closet! head injury, pressure of unruptured saccu- 
lar aneurysm, mural thrombus in fusiform ancu- 
rj'sm, local dissection of carotid or middle cerebral 
artery 

XIV. Undetermined cause 

Of these many causes, thrombosis wth athero- 
sclerosis accounts for the overwhelming majority 
of cases seen clinically. Several others (hj'poten- 
sion, cerebral herniation, with ruptured nneuiysm) 
are conveniently included here although they are 
really e.xamples of infarction without actual throm- 
bosis. 

Thrombosis tetih Aihcroscicrosis 
Atherosclerosis in the arteries of the brain is 
similar to that elsewhere in the body Tlie atherom- 
atous plaques tend to form at branchings and 
cur\es. The severity of the process runs parallel to 
but is somewhat less severe than that of other ar- 
teries— aorta, lower limbs, and heart. Thrombosis is 
most likely to occur where the plaque nan-ovvs the 
lumen to the greatest degree, llie commonest sites 
of thrombosis arc the internal carotid artery at the 
carotid sinus in the neck, at the main bifurcation 
of the middle cerebral artery, in the vertebral and 
basilar arteries in the region of their junction, in 
the posterior cerebral artery as it winds round the 
cerebral peduncle, and in the anterior cerebral 
artery as it cuves upward over the corpus callosum. 
Occlusion of the common carotid, innominate, or 
subclavian arteries in the upper thorax occasionally 
is responsible for cerebral ischemia, and the verte- 
bral arteries may be narrowed at their origins from 
the subclavian. Hypertension aggravates the athero- 
sclerotic process and leads to deposition of atherom- 
atous material in smaller vessels (1 mm and 
less), and tlirombosis will then occur in the pene- 
trating branches of the middle, posterior cerebral, 
and basilar arteries, producing small infarcts, called 
lacunes, in the deeper parts of the basal ganglions 
and brain stem. In hypertension the cerebellar and 
ophthalmic arteries also are liable to involvement. 
It is extremely rare for the cerebral arteries to be 
significantly affected beyond their first major 
branching; i.e., thrombotic occlusion over the con- 
vexities seldom occurs. The details of the process 
by which thrombosis becomes superimposed on 
atherosclerosis are poorly understood. 

The effect of atherosclerohc thrombosis on the 
brain is not easy to predict accurately, and this is 
also true of embolic occlusion. If the obstruction 
lies proximal to the circle of Willis, collateral flow 
via the circle may be and often is adequate to 
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prevent Infarction. If the occlusion is distal to the 
circle of Willis, i.e., in the stem of one of the cere- 
bral or cerebellar arteries, a series of subarachnoid 
interarterial anastomoses which join many of the 
branches of the major cerebral arteries end-to-end 
may carry suSicient blood into the compromised 
territory to prevent or lessen the ischemic damage 
(Fig. 284-4). There is a capillary anastomotic sys- 
tem between adjacent brain arteries, and although 
it appears always to be the source of some col- 
lateral supply it is probably inconsequential. The 
collateral flow is occasionally so great that a major 
arterial trunk can be entirely occluded without 
visible damage to the parenchyma. In other cases, 
occlusion may lead to softening throughout a vast 
area which extends to the outermost boundaries of 
the territory nourished by the affected vessel. In 
between these two extremes there are countless 
variations in the size, shape, and completeness of 
an infarct, depending on factors such as the avail- 
ability of collateral flow, the speed of occlusion 
(time for compensation), and the level of the 
systemic blood pressure. For convenience, these 
factors (the rnost important of which is the anasto- 
motic circulation) may be called the ischemia- 
modifijing factors. These factors and possibly others 
such as hypoxia and altered physical state of the 
blood may also at times operate adversely to 
produce ischemia in the territory of partially oc- 
cluded vessels. 

The actual condition of the arterial lumen during 
the period when the stroke is evolving varies from 
case to case, and as yet the spectrum of patho- 
logic changes is not fully known. Judging from 
arteriographic and surgical findings in the carotid 
and vertebral arteries in the neck, it is likely that 
when prodromal transient ischemic attacks are 
occurring, atherosclerosis and superimposed throm- 
bus only incompletely occlude the affected artery; 
blood flow for reasons not yet understood is inter- 
mittent in the territory distal to the stenosis. Or 
the main vessel is totally occluded wliile the com- 
pensating collateral channel is stenotic. By the time 
the neurologic deficit persists and is advancing, the 
superimposed thrombus will in the majonty of 
cases ha>« progressed to block completely the main 
vessel of supply. When the stroke has become fully 
established, complete occlusion is the rule. It is 
common to find more than one vessel affected by 
stenosis or occlusion, and then it is especially dif- 
ficult to decipher the interplay of hemodynamic 
factots leading to symptoms, transitory or persist- 
ent. It must be pointed out, too, that it is by no 
means uncommon for stenosis or occlusion of the 
carotid and vertebral arteries to be “silent.” 

Clinical Picture. In general, the evolution of the 
total clinical picture in cerebral thrombosis is much 
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more variable than in embolism and hemorrhage. In 
approximately 80 per cent ol cases, the mam part 
of the strobe (paralysis or other deficit) is pre- 
ceded by minor signs or by one or more transient, 
warning ischemic attacks, which in a sense herald 
the oncoming secular catastrophe. A history of 
such ptodromal episodes is of paramount impor- 
tance in establishing, the diagnosis of cerebral throm- 
bosis. Such episodes are extremely uncommon pre- 
ceding intracerebral hemorrhage and embolism. 
Transient warning attacks in carotid-middle cere- 
bral disease consist of hemiplegia, hcrruparcsis, 
blindness in one eye, aphasia, confusion, etc., and 
in the vertebral-basilar system of unilateral numb- 
ness. dizziness, diplopia, impaired vision in one or 
both Nisual fields, dark vision, dysarthria, headadie, 
head pain, deafness, etc. The attacks last from a 
few seconds to an hour or so, and the final stroke 
may be preceded by hundreds of attacks or by 
only a single one The stroke may come xvithin a 
day of the first one or may be delayed for weeks or 
even months, and sometimes the attacks die away 
without leading to a stroke. \Vhen these minor 
ischemic attach ore not part of the picture, one 
must depend on other factors in identifying the 
cerebrovascular process as one of cerebral throm- 
bosis. 

The main part of the thrombotic stroke, whether 
or not it Is preceded by warning attacks, develops 
in one of several ways There may be but a single 
attack, tbe whole illness developing in a few hours. 
The patient may awaken In the morning with a foll- 
bloxvn paralysis (or other deficit) or have it come 
on shortly after arising, perhaps while eating 
breakfast Another pattern is for the stroke, once 
it commences, to have a stuttering intermittent pro- 
gression in the next sev’eral hours or days Or a 
partial stroke may develop, and after the patient 
has improved for several hours a full paralysis may 
develop. Again, after one or more fleeting episodes, 
there may be a longer-lasting attack, succeeded m 
a day or two by the occurrence of a complete .ind 
permanent paralysis. The affection may mvolvc 
several parts of the body simultaneously or, as not 
infrequently happens, one part, such as a bmb 
or one side of the face, is first paralyzed and the 
other parts become involved serially in slcplike 
fashion until the stroke is fully developed. This 
may take several days or weeks, during which time 
there may be superimposed transient episodes of 
improvement or worsening, All these various modes 
of development bespeak cerebral thrombosis, and 
the whole process may be tefened to as throm- 
bosis in evolution. It might be commented that in 
the transitory attacks and the abrupt episodes of 
progression we are really witnessing the temporal 
profile of the stroke syndrome in miniature. The 
principle of intermiltcncy seems to characterize 


the thrombotic process from the beginning to the 
end. In tlirombolic strokes cither the onset or 
progression of the stroke is particularly common 
dunng sleep or shortly after arising (CO per cent 
of cases). Occasionally a thrombotic stroke comes 
on in what appears to be a slow, gradual fashion, 
but in most of these cases careful inqiiiiy vvnil 
rev'eal an uneven or saltatory progression, and 
actually there arc only a few patients in whom it 
can be said that the evolution of the thrombotic 
stroke was truly gradual over a period of several 
days. Table 284-2 shows the way in which the 
ctmicai picture developed In 123 cases of cerebral 
thrombosis diagnosed clinically, for the most part 

Headache although absent in the majority of 
cases »$ not uncommon in cerebral thrombosis, 
generally bemg on one side in the front part of 
the bead in oedusion of the carotid system and at 
the back of die head or in the forehead in basilar 
disease. The headache is usually not so violent as in 
cases of Intracranial hemorrhage. Its cause is 
unknowm. Presumably it is related in some way to 
the disease process within the vessel, since it may 
antedate the other symptoms of the stroke Stiffness 
of the neck rarely occurs with cerebral infarction. 

The nalient. although usually elderly, is not 
invariably so. and persons in the fourth ilccade or 
even younger may be stricken. Hypertension, an 
important aggravating factor in alherosclerosts, is 
mote often present than not Diabetes is not un- 
common. Often there is evidence of vascular disease 
elsewhere, e g., angina pectoris, electrocardio- 
graphic abnormabty, myocardial infarction, absence 
of one Of several peripheral pulses in the lower 
lunbs, or inlermittcnt claudication. The retinal 
arteries may show uniform or focal narrowing, in- 
crease and irregularity of the light reflta, or dis- 
placement of the veins, but these alterations cannot 
be correlated with cerebral atherosclerosis, and 
thus fundoscopic examination is at present of little 
or no help in assessing tbe state of the intracranial 
arteries. 

Tlie specific nciire/ogic abnormalifi/ depends, of 
course, on the location and size of the infarct, or 
the focus of ischemia. The temtory of any i-esscl 
may be affected, large or small, deep or superficial 
The carotid and basilar systems arc approximately 
equaDy affected. In involvement of the carotid 
system, unilateral signs predominate: hemiplegia, 
hemihj'pcslhesia, hemianopia, aphasia, and agnosia 
In tlie basilar system, hemiplegia may also be 
found, but more commonly involvement here results 
in the occurrence of bilateral sipis, motor and/or 
sensory, in combination with a disturbance of 
cranial nerves, cerebellum, or other structures local- 
ttcd in or related to the brain stem. In order that 
carobd occlusion cause bilateral signs, the vessels 
to both hemispheres would have to be affected at 
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the same time (bilateral carotid occlusiorr), and 
tills is uncommon. Therefore, in identifying va.scu* 
lar syndromes it is important to determine if tfie 
signs and symptoms indicate unilateral or bilateral 
lesions. 

In order to understand the particular groupings 
of neurologic symptoms and signs, the student must 
be familiar with certain points of neurovascular 
anatomy which will now be presented. The cbnical 
sjndrome associated ^^ith occlusion of each of the 
cerebral and cerebellar arteries will then become 
clear. It has already been pointed out that, because 
of differences in collateral blood flow, speed of 
occlusion, etc., the effect of occlusion at any one 
site is highly variable, and therefore partial syn- 
dromes and notable variations are e.xlrcmely com- 
mon; indeed, they are in the majority. The follow- 
ing descriptions apply particularly to infarction and 
ischemia due to thrombosis or embolism. While 
hemorrhage in the same sites may give rise to 
many of the same effects, the total cUnfcal picture 
is apt to differ, because in its deep e.r{cns{on the 
hemorrhage may invohe the territory of more than 
one vessel. Also it displaces tissues and causes an 
increase in intracranial pressure. 

Vascular Ischemic S>Tvdromes. Hfiddfc Cerebral 
Arterij. The middle cerebral artery through its cor- 
tical branches supplies the lateral surface of the 
hemisphere escept for the frontal pole, a strip 
along the superomedial border irrigated by the 
anterior cerebral, and the lowermost temporal con- 
volution, which is in the temtoty of the posterior 
cerebral artery. 


TalU S84~£. DEVEtor«E.NT or the clivical ncruKE 
JN 125 CASES or CEHEORVL TIIROSIOOSIS 


Clinical development 

1 No. of 

1 cases 

j Per- 
centage 

Transient ischemic ntt.acks progress- 
ing to a persistent neurolo^c defi- 
cit, major or minor 

1 

53 

I 42 

Stepwise development of a stroke, 
with or without transient ischemic 
attacks. . 

23 

1 

1 18 

Stroke developing as a single event . 

21 

1 17 

Abrupt (hours), with or without ' 
fluctuations . 

U 


Slow, gradual (a fen days), with 
or nithout minor fluctuations . 

7 


Transient ischemic attacks only . . 

17 

14 

Development of a limited stroke fol- 
loned by transient ischemic at- 
tacks 

1 

1 

n 1 

9 


Its area includes the cortex and white matter of 
the lateral and inferior aspects of the frontal lobe. 


CHAP. 2S4 1751 

the motor cortex (areas 4 and 6, the centers for 
contraversive eye movements, and in the dominant 
hemisphere, the motor speech area of Broca), the 
cortex and white matter of the lateral parietal lobe 
(sensory cortex, angular and supramarginal con- 
volutions), the lateral and superior parts of the 
temporal lobe, and the insula. The penetrating 
branches of the middle cerebral artery supply the 
putamcn, outer globus pallidus, the posterior limb 
of the internal capsule above the plane of the upper 
border of the globus pallidus, the adjacent part of 
the corona radiata, the body of the caudate nucleus, 
and the superior portion of the head of the caudate 
nucleus (Fig. 284-1). 

The middle cerebral territory is the region most 
frequently affected in embolic and thrombotic 
cerebrovascular disease. The artery may be oc- 
duded in its stem,' blocldng the mouths of the 
penetrating vessels as well as the flow to the 
superficial (cortical) vessels, or its major branches 
can be involved individually. Foi-v and Levy rec- 
ognized eight territorial syndromes: (1) total mid- 
dle cerebral infarction (deep and superficial), (2) 
major deep middle cerebral infarction, (3) partial 
deep middle cerebral infarction, (4) major super- 
ficial middle cerebral infarction, (5) major posterior 
middle cerebral infarction, (6) partial posterior 
middle cerebral infarction, (7) partial anterior 
middle cerebral infarction, (8) multiple infarction, 
unilateral and bilateral. This list has little practical 
use but emphasizes the numerous possibilibes. 

The classical picture of total superficial and deep 
middle cerebral infarction is a contralateral hemi- 
plegia, hemianesthesia, and homon^ous hemi- 
anopia (Fig. 284-2). If the dominant hemisphere is 
involved, global or total sensorimotor aphasia also 
is present If the nondominant hemisphere is af- 
fected, speech is spared but apractognosia of the 
minor hemisphere is added to the clinical syndrome 
(sec below). 

In the middle cerebral territory the motor and 
sensoiy cortical zones are spread out over a large 
area, and hence an infarct of restricted size can 
produce paralysis of the face alone or of only one 
limb or even part of a limb. This restricted deficit 
is referred to as a monoplegia or monoparesis 
(facial, brachial, crural). 

An infarct which lies posteriorly in the superficial 

’ The term stem refers to the section of artery lying 
behveen die origin ol the middle cerebral and die first 
major branching. The stem of the anterior cerebral 
artery b'es between its origin and the junction with the 
anterior communicating artciy. Tlie stem of the pos- 
terior cerebral stretches from its origin to the poste- 
nor communicating aiteiy. The stem of the internal 
carotid artery extends from tiie region of the chnoid 
process to Uie bifurcation into the middle and anterior 
c^ebral arteries. 
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Fic. 284'2. Dbgram oi the lateral aspect of the cerebral hemisphere showing the branches and distribution of the 

middle cerebral artery and the principal regions of cerebral localization, below is a list of the clinical manifcbta- 

tions produced by infarction in Uic territory of the middle cerebral artery and the corresponding regions of cere- 
bral damage. In each case the signs and symptoms are separated from the anatomic area by a colon (■ ). 

Paralysis of the contralateral face, arm, and leg: Somatic motor area for face and arm and the Gbers descending 
from the leg area to enter the corona radiata. 

Sensory impairment over the contralateral face, am, and leg (pinprick, cotton touch, vibration, position, two- 
point discruniiution, stercognosU, tactile localization, batognosis, cutaneographia) . Somatic sensory system cor- 
responding to motor involvement desenbed above. 

Motor aphasia (speech apraxia): Motor speech area of (he dominant hemisphere. 

Sensory aphasia (word deafness, anomia, jargon speech, sensory agraphia, amusia, acalculia, alexia, finger agnosia, 
nght-Icft confusion [the last four comprise (he Cerstmann syndrome] } : Sensory speech area and paHcto-oc- 
apital cortex of the dominant hemisphere. 

Ideational apraxia: Sensory speech area (parietal portion). 

Apractognosia of the minor hemisphere (amorphosynlhesis), anosognosia, hemiasomatognosia, uni- 
lateral neglect, agnosia for the left half of external space, dressing “apraxia," constructional 
“apraxia,” distortion of visual coordinates, inaccurate localization in the half field, impaired abil- 
ity to fudge distance, upside dosvn reading, visual illusions (e.g., it may appear that another per- 
son walks through a table): Nondominant supersensory zone (area corresponding to speech area in domi- 
nant hemisphere). Loss of topographic memory is usually due to a dominant lesion, occasionally to a non- 
dominant one 

Homonymous hemianopia (often homonymous inferior guadiantanopia) ; Optic radiation deep to second tem- 
poral convolution. 

Paralysis of conjugate gaze to the opposite side; Frontal conlravetsive field or fibers projecting tlierefrom. 

Repellent kinetic apraxia (Denny-Brosvn) of Inrhvidual limb or of gait: raricial lobe lesion. 

Miscellaneous: Frontal ataxia due to lesion of frontopontine tract, loss or impairment of optokinetic nystagmus 
due to lesion of supramarginal or angular gynisj disturbance of caloric nystagmus due to posterior temporal 
lobe lesion; hmb-kmetic apraxia (?) related to premotor cortical damage; asymbolia for pam due to lesion of 
dominant parietal lobe; intellectual detenoration, mirror movement, Cheyne-Stokes lespiratioa, contralateral 
hyperludrosis, occasionally mydriasis; the localization of the responsible lesions for the last five is not known. 
Acute lesions of the nondominant hcmispticre may cause severe amnesia and confabulation mimicking Korsa- 
koff’s syndrome. 

Capsular hemiplegia: This results usually from a softening of the upper portion of the posterior limb of the 
Internal capsule and the adjacent corona radiata. Motor paralysis is the chief sign, and d^'sphasia, homonymous 
hemianopia, and significant sensory loss seldom occur in the syndrome. 
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If the infarct lies centrally in the motor-sensory 
strip, hemiplegia with sensory change will be the 
chief finding; and if situated iarther anteriorly, 
paralysis often of the monoplcgic form with little 
or no sensory deficit will predominate. On the 
dominant side, motor aphasia and agraphia will be 
present (see Chap. 40). On the nondominant side, 
motor impersistcnce (inability to maintain eyes 
dosed or tongue out or to fix gaze, etc ) may be 
noted. Des'iation of the eyes and head to the side 
of the lesion (i.e., paralysis of conjugate lateral 
gaze to the opposite side) is extremely common 
with acute lesions of the anterior part of the middle 
cerebral territory or the motor tracts descending 
therefrom. 

IVhen the deep territory of the middle cerebral 
artery is involved, i.e., the upper part of the pos- 
terior limb of the internal capsule, the adjacent part 
of the corona radiata, the putamen, and the outer 
part of globus pallidus, a total hemiplegia usually 
results, face, arm, and leg being affected together 
rather than in monoplegic form. This is because 
the motor fibers lie closely packed in the capsule 
and destruction is less likely to single out the fibers 
to only one hmb than it is in the cortex, where the 
motor area extends over a wide territory. The 
ophasic disorder, if any. which results from these 
deep lesions has not been sufficiently studied. 
Sensory loss is minimal or absent. 

Damage to the basal ganglions (putamen, cau- 
date) produces no specific clinical effects which 
have so far been recognized, A hemianopia docs 
not occur fls a rule in lesions in the territory of the 
penetrating arteries, since the optic radiation lies 
at a more inferior level. 

Hypertension combined with atherosclerosis re- 
sults in thrombotic occlusion of individual penetrat- 
ing branches running to the internal capsule and 
putamen, and the resultant small infarctions, 5 to 
8 mm in extent, are called lactmes. AVhen they 
involve the mtemal capsule, a hemiplegia results, 
recovery from which is often nearly complete. Mul- 
tiple lacunes involving the corticospinal and cortico- 
bulbar motor tracts cause the clinical picture of 
“pseudobulbar p.ilsy” (more appropriately called 
biptjramldal palsy) , featuring bilateral upper motor 
neurone signs, I.e., spasticity, inCTeased tendon 
reflexes, Babmski sign, dysarthria, and dysphagia. 
Spasms of excessive crying or laughing, marche i 
petit pas, and mental impairment are also part of 
the picture. Locwncs are sometimes said to be the 
basis of so-called “arteriosclerotic parkinsonism,” 
but proof that such an entity exists is wanting. 

Anterior Cerebral Artery. The anterior cerebral 
nTlery, through its cortical brandies, supplies the 
anterior four-fifths of the medial surface of the 
cerebral hemisphere, the medial part of the orbital 
surface of the frontal lobe, the frontal pole, a strip 
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of the lateral surface along the supcromedial 
border, and the anterior seven-eighths of the corpus 
callosum. The deep branches, which arise near the 
arcic of Willis, run chiefly to the anterior limb of 
the internal capsule and inferior part of the head 
of the caudate nucleus (see Fig. 28 4-3 ) . 

Well-studied cases of infarction of the territory 
of the anterior cerebral artery are not common, 
and the syndrome of this artery has not been clearly 
determined as yet. Again the clinical picture will 
depend on the size and location of the infarct, which 
in turn dqiend on the site of the occlusion, the 
pattern of the circle of Willis, and the other is- 
chemi.i-modifying factors. Occlusion of the stem of 
the anterior cerebral artery proximal to the anterior 
communicating artery is usually well tolerated, 
since collateral flow will come from its male of the 
opposite side. The maximal disturbance occurs 
when both anterior cerebral arteries happen to 
arise from one anterior cerebral stem, occlusion of 
which then results in a devastating infarction of 
the anterior cerebral lerntory of both hemispheres. 
This may include bibtcral pyamidal signs uith 
paraplegia and profound mental symptoms. The 
typical syndrome resulting from occlusion of one 
anterior cerebral artery distal to the circle of WilJu 
includes paralysis and a cortical sensory deficit of 
the opposite lower limb (paracentral sensorimotor 
area) and possibly involvement of the opposite 
arm (fibers descending from the arm area through 
the central white matter to the internal capsule), 
mental changes such as forgetfulness, akinetic 
mutism (lack of impulse and animation), motor 
apraxia (a localized inability to use a limb or a part 
to carry out a simple coordinated act) of the non- 
dominant upper extremity, grasping and sucking 
reflexes, a spedal type of resistance to passive 
movement of the limbs (counterholding or gegen- 
lialten). and incmti.opnce of bo»’ei and bladder- 
The degree of impairment of sensory and motor 
function is variable. Occlusion of individual 
branches of the anterior cerebral artery causes only 
a part of the total syndrome. Hemianopia does not 
occur in anterior cerebral lesions, nor has an aphasic 
difficult been reported, except in rare instances 
where a softening in the central white matter sup- 
plied by the penetrating or deep branches has been 
held responsible for a partial motor-speech deficit. 
Occasionally the speecIJessness of marked abulia 
may mimic aphasia. 

Anterior Choroidal Artery, A few incomplete 
dinicopalhologic studies have been the basis of 
present knowledge of the syndrome of the anterior 
choroidal artery. It is said to consist of contralateral 
hemijflegia, hemianeslhesia (hypeslbesia), and ho- 
mCH^imous hemianopia, all due to involvement of 
the posterior limb of the internal capsule and tlie 
while matter posterolateral to it, through which 
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MOTOR AREA FOR FOOT, 

LEG AND URINARY BLADDER 



Flo. 284'3. Diagram of the medial aipect of the ccrchral hemisphere to show the tranches and distnhution of the 

antenor ceretial artery and the principal regions of cerebral localization, below is a list of the clinical mam* 

festatlom produced by infarction in the territory of the anterior cerebral artery and the correspondtag regions 

of cerebral damage. In each case signs and symptoms arc separated from the anatomic area by o colon (:)• 

Paralysis of opposite foot and leg: Niotor leg area. 

A lesser degree of paresis of opposite arm; Involvement of arm orca of cortes or libers descending to corona 
radlata therefrom. 

Cortical sensory loss over toes, fool and leg: Sensory arco for fool and leg. 

Urinary incontinence: Sensorimotor area in paracentral lobule. 

Magnetic apraria of limb (Dcnny-Broi«i) or of gait (gait apnaaia): lesion of the cortez of the frontal lobe or 
of the anterior limb of intem.'il capsule. 

Grasp reflex, suching reflex, Gegcnhalten (paratonic rigidity), "frontal tremor": Medial surface of the posterior 
frontal lobe (?) supplementary motor area. 

Loss of memory, mental impairment: Localization not known. 

Akinetic mutism: Bilateral frontal'cingulate lesions (?). (Note that aphasia and hetnianopia do not occur.) 

Miscellaneous: Frontal ataxia (the occurrence of such a disorder mimicking cerebellar ataxia is disputed) has 
not been reported xvjth vascnlar lesions; cerebral paraplegia may be due to bilateral anterior cerebral aitwy 
occlusion; the present nosologic position of Iimb*klnetic apra-xia in frontal lobe (corpus callosum) lesions is 
uncertain. 


the first part of the genlculocalcarine fibers pass. 
In the reported cases, however, the clinical syn- 
drome usually fell far short of what was expected 
on anatomic grounds. Furthermore, the practice of 
surgically occluding the anterior choroidal artery 
in the treatment of parkinsonism has shown that 
hemiplegia, hemianesthesia, and hemianopia rarely 


occur; in the pathologically studied surgical cases, 
the lesions ha\’e been most capricious, and, indeed, 
in some no lesion at all has been found. Because of 
the present uncertainty surrounding the s^mdrome, 
it will not be further discussed here except to say 
that at autopsy on very rare occasions one finds a 
major infarct in the posterior limb of the internal 
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capsule in the anterior choroidal territory. In one of 
our cases the only vessel occluded was the cervical 
portion of the internal carotid artery. 

Internal Carotid Artery. Tlie clinical picture of 
occlusion of the internal carotid artery is very 
variable. Not infrequently occlusion is completely 
asymptomatic, while in other cases it produces a 
devastating massive infarction which leads to death 
in a few days. Between these two extremes lies 
every shade of variation. As a rule, the infarct in- 
volves some part of the middle cerebral territory, 
but when the antenor communicating artery is very 
small, the ipsilateral anterior cerebral territory may 
be affected, too, in which case die anterior part of 
the hemisphere (the frontal lobe) bears the brunt 
of the insult, while the region posterior to the 
Tolandsc fissure tends to be spared. When both 
antenor cerebral arteries arise from a common stem 
on one side, infarction may involve the anterior 
cerebral territory bilaterally. Likewise, the posterior 
cerebral artery may be supplied from the internal 
carotid rather than from the basilar artery, in which 
case its territory, too, may be softened, and thus the 
entire hemisphere and even part of the other may 
be involved. Not infrequently the territory of the 
anterior choroidal artery is also infarcted. ^^'^en 
one carotid has been asymptomatically oeduded 
at a previous time, occlusion of the other can result 
in bilateral hemispheric infarction. 

In symptomatic occlusion of the internal carotid 
artery, the picture usually resembles that of middle 
cerebral occlusion with a contralateral hemiple^a 
and hemihypesthcsia and aphasia when the domi- 
nant hemisphere is Involved. The relative sparmg 
of the posterior part of the hemisphere is reflected 
in a low incidence of homonymous hemianopia 
\\'hen the anterior cerebral territory is abo in- 
volved, the cLnical picture will include some or 
all of the features already mentioned under anterior 
cerebral territory. Patients with infarction in the 
combined territories of the middle and anterior 
ccrc'liral arteries are much less responsive than those 
vnth lesions in only one territory, and often they are 
m a state of light coma No special signs attnbuta- 
ble to anterior choroidal involvement have so far 
been Identified. 

In addition to supplying the brain, the internal 
carotid artery supplies the optic nerve and rr^ma 
via the ophthalmic artery (Fig. 254-4). Transient 
monocular blindness occurs intermittently as a 
warning symptom prior to the onset of the stroke 
In almost 50 per cent of cases of symptomatic 
carotid occlusion. However the picture of central 
retinal artery occlusion rarely develops at the time 
of tlic stroke. 

UTicrcas most cerebral vesseb are inaccessible 
within the skull and topical diagnosb is made only 
by inference, in carotid occlusion more direct diag- 
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nostic tests are ovaflable. PuUation may be lacking 
m the Internal or common carotid arteries in the 
neck, in the external carotid branch in front of the 
ear, or in the internal carotid artery when palpated 
in Ae pharynx. Also, pressure in the centri reb'nal 
artery is often reduced on the side of the carotid 
oedusion, and a pressure difference in the two eyes 
on careful ophthalmodynamometry will point 
strongly to carotid occlusion. Another test consists 
of compressing the patent opposite carotid artery 
in the neck, precipitating unconsciousness, seizures, 
or an ejectroencephalographic change, but such a 
maneuver cannot be recommended for routine use 
An addition^ sign of carotid occlusion is tbe pres- 
ence on the ofyposite side of an intracranial mur- 
mur, heard best by placing the bell of the stetho- 
scope over the eyeball. The murmur is presumably 
due to cnhancerl blood flow through the remaining 
patent vessel. Headache associated with cerebrd 
thrombosis or embolism in the carotid artery is 
situated just above the eyebrow, while in the middle 
cerebral artery, it is usually more lateral, at the 
temple. Severe stenosis within the carotid sinus 
due to an atherosclerotic plaque—Avilh or without 
supenmposed thrombus— may give rise to a local 
bruit which can be an important finding in assess- 
ing the carotid circulation. Occasionally the murmur 
re^U from stenosis at tbe mouth of the external 
carotid artery and can then be misleading. Stenosis 
of the carotid sinm with an accompanying murmur 
may be present bilaterally or may occur low’er in 
the neck along the common carotid arteries, the 
subclavians, or the innominate. Propagation distally 
of an aortic \ alvular murmur must be distinguished 
from carotid bruits. 

Tbe common carotid arteries may be occluded 
at their origin, as in “pulseless disease” or the 
aorltc arch syndrome. The neurologic symptoms and 
signs of carobd oedusion, j'ust discussed, may or 
may not be present, depending on the adequacy of 
the cucle of Wdlis and of the vcrtebral-basiIar 
system. The following manifestations, for tbe most 
part nonneurologic, have been reported in the 
aortic arch syndrome: absence of pulsation in 
carotid and radial arteries, faintness on arising 
from the horizontal position, recurrent loss of con- 
sciousness, headache, neck pain, paresthesias of 
various parts of the body, transient blindness (uni- 
lateral or bilateral), dimness of vision with e.tcrcise, 
premature cataracts, retinal atrophy and pigmenta- 
tion, atrophy of the ins, leukomas, peripapillary 
arteriovenous anastomoses, optic atrophy, claudica- 
tion of the j'aw musdes, perforation of the nasal 
septum, saddle nose deformity, trophic ulceration 
of the face, (adal atrophy (unilateral or bilateral), 
indolent infections of the face, abnormal faci.vl pig- 
mentation, and loss of hair. Thb condition was 
originally described in Japan, particularly in young 
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women who were found to be suffering from a 
granulomatous arteritis invoKing all three major 
Irunlcs arising from the aortic arch (TaVayasu's 
disease, see Chap. 247). An incomplete aortic arch 
sj-ndrome consisting of various comhinations of 
carotid, subclavian, and innominate occlusion or 
stenosis is not uncommon. The majority of the 
authors’ cases of pulseless disease, both the partial 
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and the complete s)’ndrome, have been due to 
severe atherosclerosis. 

Vertcbral-Basllar-Poslerior Cerebral System, Pos- 
terior Cerebral Ariery. The terminal or cortical 
brunches of this vessel supply the undersurface of 
the temporal and occipital lobes, as well as the 
entire medial surface of tbe occipital lobe includ- 
ing the visual area (areas 17, 18, and 19). From 



Fic. 284-4. Drawing to illustrate the arrangement of the major arteries carrying blood from the heart to the 
brain (only the right side is shown). The posterior coounumcating artery connects the interna] carotid and 
the posterior cerebral arteries, forming an important anastomosts Iwhveen the carotid and basilar systems. Further 
distally, tbe subarachnoid interarteiial anaslomows which hnk the middle cerebral with the anterior and pos- 
terior cerebral arteries are sliown. The ophthahnic and central retinal arteries have been included to retrund 
the student that observations and measurements of the retinal circulation provide information concerning the 
carotid circulation. 
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the more proximal part of the artery between its 
origin at the bifurcation of the basilar artery nod 
the cortical distribution many important branches 
arise, 

The interpeduncular branches arising near its 
origin penetrate the brain stem to supply the red 
nucleus, subthalamic nucleus of Liiys, substantia 
nigra, the most medial part of the cerebral pe- 
duncle, the oculomotor nucleus, the reticular sub- 
stance of the midbrain, the decussation of the 
superior cerebellar peduncles, rubrothalamic tract, 
medial longitudinal fasciculus, and the medial lem- 
niscus. The thalamoperforatmg branches also anse 
here and pass to the inferior mesial and anterior 
parts of Ae thalamus Branches arising serially 
along the parent vessel as it encircles the midbram 
supply the cerebral peduncle, lateral part of the 
medial lemniscus, corpora quadrigemina, pineal 
gland, lateral geniculate bodies, choroid plexus, and 
hippocampus. The thalamogeniculate branches sup- 
ply the pulvinar and the lateral nuclei of the thala- 
mus (Fig. 284-5). 

Again the clinical picture resulting from occlu- 
sion svill depend on the site of the obstruction, the 
site and size of the infarct, and the ischem!.'- 
modifying factors. Occlusion proximal to the pos- 
terior communicating artery may be tolerated if 
collateral flow via that xcssel is adequate; however, 
the penetrating branches arising from the stem of 
the posterior cerebral artery may be occluded at 
their mouths. Even distal to the posterior com- 
municating artery, occlusion may cause no damage 
if collateral flow via the subarachnoid inlerartcrial 
anastomoses is suflicient. 

Classically, occlusion of the cortical or superficial 
branches a{ the posterior cerebral artery gives rise 
to a contralateral homonymous hcmianopia because 
of invohement of the primary xisual area in the 
calcarine region. Partial visual field defects are 
common, and posterior cerebral lesions are likely to 
cause a superior homonymous quadrantanopia, 
whereas middle cerebral lesions (mvolving the 
superior portion of the optic radiation) tend to be 
associated with an inferior quadrantanopia. More 
often the defect is hemianopic. Only the central 
part of the visual field may be affected, with the 
production of a hemianopic central scotoma. TJie 
patient’s awareness of the visual disturbance is 
variable. He may be totally unaware of the defect, 
which is discovered for the first lime by the exam- 
iner, or he may have vaguely apprechated that 
something was v'Tong with one eye. In the acute 
stage of large temporo-occipital lesions, the opposite 
extreme may be encovmtered, the patient reporting 
that he is able to see only one-half of objects or 
words, or that he is totally blind when he obviously 
is not. Scintillating phenomena, j e , flashes of bght, 
crude white or colored figures appearing in the 


affected part of the visual field, are not uncommon. 
WTien the lesion lies in the dominant hemisphere, 
a dysphasic disturlwncc, not yet dearly delineated, 
may result. TIic most prominent feature is alexia, 
the patient reading very laboriously and Imving 
great difficulty in perceiving letters and numbers 
although in some cases comprehending uhat he 
reads, when given sufiicient time. The reading ma- 
terial may lie held at an angle, and In rare instances 
the patient may read belter when the lines arc 
plac^ vertically. Copying print and script is im- 
paired. The capacity for revisualization of spatial 
relationships (the ability to imagine the topography 
of home or town) may be impaired. There may be 
color blindness, total or in the half-field, as well as 
visual-object agnosia (inability to recognize ob- 
jects), and simulMnagnosia (inability to synthesize 
the dements of a scene into a whole). Involvement 
of the minor hemisphere brings prosopagnosia (dif- 
ficulty in recognizing faces) often in association 
with topographic disorientation, simultagnosia, and 
achromatopsia. Temporary disorientation and mcm- 
or)- loss attributable to damage to the liippoeampal 
and lingual g>Ti may occur with lesions on either 
side but arc more prominent with involvemant of 
lira dominant hemisphere. 

Bilateral lesions of the occipital lobes, if exten- 
sive. cause total blindness of the cortical type, be- 
cause of a bilateral homonymous hcmianopia. Tlie 
pupillary reflexes arc retained, and fundtiseopically 
the optic nenes ore normal, unlike blindness from 
retinal and optic nerve or tract disease Often the 
patient is unaware of the blindness and may fn 
fact deny it when questioned speafieally. More 
commonly the bikitcra! lesions are incomplete, and 
the patient Is left with a sector of visual field intact 
\Vhen the remnant is very restricted, vision may 
fluctuate greatly from minute to minute, suggesting 
hysteria In smd] calcarine lesions there may be loss 
of central vision only (bilateral homonymous cen- 
tral scotomas) ; on the other hand, in larger calcanne 
lesions, only central vision may be spared and 
vision is likened to looking through a narrow pipe 
(gun-barrel vision). With bilateral lesions, there 
is usually a loss of memory, the severity of which 
varies from case to case. There may or may not be 
tlie various cortical disturbances described under 
unilateral lesions 

YVhen occlusion of tlie posterior cerebral artery 
occurs more proximally (one might speak of anterior 
syndromes), the clinical picture will comprise signs 
of damage to thalamus, cerebral peduncle, mid- 
brain, and hypothalamus, and possibly in addition, 
die mamfestations just described (hemi.mopia. 
etc.), depending on the coUateral inflow of blood. 
Best known is the thalamic syndiome of D^jcrinc 
and Roussy, which results from infarction of the 
re^n of the sensory nucleus in tlie posterolateral 
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Fig. 284-S, Diagram ol the inferior aspect of the bram to show the tranches and dhtnbution of the posterior 
cerebral artery and the principal anatomic structures. Below is a list of the clinical manifestations prodoced 
by infarction m the temtoiy of the posterior cerebral artery and the corresponding regions of damage. In each 
case the signs and symptoms ore separated from Uie anatomic area by a colon (;)• 


Peripheral territory 

Homonymous hemiaciopia (often upper quadfanUc); Calcarine cortex or optic tadiation nearby. Hemiachroma- 
topsia may be present. Macular or central xisioo tends to be presers'ed because occipital polar striate cortex 
Is spared. 

Bilateral homonymous hemianopla, cortical blindness, unawareness or denial of blindness, Bpruia of ocular 
mmements, failuio to see to-and-fro movements, inability to pciceise objects not centrally loc.itcd, inability 
to count or enumerate objects, tendency to run mto things which the patient secs and tries to osoid Bilateral 
calcarine cortex (possibly tlie parietal lobe is involved also). 

Dyslexia, visual object agnosia, associated tactile agnosia, achromatopsia, topographic disorientation, simultan* 
agnosia, perseveration; Calcarine and pcricalcailne cortex of dominant hemisphere. Prosop-ignosia usually 
occurs With Qondominant lesion. 

Unformed visual hallucinations, peduncular liallucioosis, metamorphopsia, tcleopsla, illusory visual spread, ir> 
reminiscence, paliopsia, distortion of outlines; Calcarine cortex. 

Memory defect; Hippocampal lesion bilaterally or the dominant side only; or involvement of hippocampal sys- 
tem at another level (mammillaTy bodies, psaheriom, etc.). 


Central territonj 

Thalamic syndrome — sensory loss (all modalities), spontaneous pain and dysesthesias, sensory or pseudaifbe- 
lojis, intention tremor, spasms of hand, mild liemiparcsls: Poslcrovenlral nucleus of llialamus in tcmlor)’ of 
thalamogeniculate artery. Involvement of the adjacent subtlialamic body or its afferent tracts results in hemi- 
balhsmus and chorcoatlietosis 

Tlialanioperforatc syndrome — (a) superior, crossed cerebellar ata.xia; (b) inferior, crossed cerebellar ataxia 
with ipsilateral third nerve palsy (Claude's syndrome): Dcntatonibrothalamic tract and issuing third nerve. 

Weber’s syndrome — tfuid nerve palsy and cootralaleral hemiplegia; Third nerve and cerebral peduncle. 

Contralateral hemiplegia: Cerebral peduncle- 

Paral)sls or paresis of verticil eje movement, skew deviation, sluggish pupillary responses to light, slight 
miosis and a trace of ptosis (retraction n)'stagmos and “tucking" of the eyelids may he associ.ifed): Siipr.r- 
nuclear Ebers to tliird nerve, Interstitial nucleus of Cajal, nucleus of DarksebevviUth. and povtcrinr com- 
mksure. 

Contralateral rhythmic ataxic action tremor; rhythmic postural or “holding” tremor (rubral tremor); Dcnta- 
tollialamfc tract (?) after decussation. The site of the lesion Is actually unknown. 

Coma; Damage to upper brain stem (midbrain, thalamus). 

Decerebrate attacks: Damage to upper brain stem (especially motor tracts). 

Besting tremor or tremor not easily abolished by relaxation has l»en omitted because of tlie uncertainty of its 
occurrence in the posterior cerebral artery syndrome. 

Pcdunevil.iT hallu&mosis may occur In tlialamlc-subttialamic ischrmlc lesions, but the exact location of Uie le- 
sion is unknown. 


173a 


DISEASES or ORGAN SYSTEMS 


part of the thalamus (supplied by the thala* 
mogcniculate vessel). The lesion may be so small 
as to be overlooked on pathologic examination. The 
central feature is a sensory loss on the opposite 
side of the body, usually affecting deep and super- 
ficial sensation (pain, temperature, touch, proprio- 
ception); or rarely, it may be of the dissociated 
type, citlier pain and temperature or vibratory and 
position sense being affected while the other sen- 
sory modalities are relatively spared. It may lake 
a monoplegic pattern. Sometimes there is an asso- 
ciated intractable agonizing pain in the afferAed 
parts of the body (thalamic pain), occurring spon- 
taneously and augmented by all tj'pes of stimula- 
tion of the affected parts. Ilyperpathia and taste 
disorders are common. Often spontaneous pain is 
entirely missing. In the motor sphere there may 
be a mild evanescent hemiparcsis, and in some 
patients the affected limhs show hemiballismus. 
clioreoathetosis, incoordination, intention tremor, 
asjTiergy, cramplike spasms, and a postural abnor- 
mality of the hand (cf. Chap. 28). The mind is 
usually strikingly spared. 

Occlusion of the stem of the posterior cerebral 
artery may lead to a hemiplegia owing to infarction 
of the cerebral peduncle, but this is rather rare. 
Occlusion of the tlialamopcrforate branches which 
originate from the most medial part of the posterior 
cerebral stem elves rise to several different syn- 
dromes, depenmng on the branches involved: (1) 
a superior syndrome in which the upper part of 
the red nucleus or rubrothalamic tract is invoK'cd, 
producing on the opposite side of the body a gross 
ataxia (see Chap. 30); (2) an inferior syndrome 
(Claude's syndrome), in which a third nerve palsy 
and contralateral cerebellar signs are combined; (3) 
\\'eber’s s>'ndrome, i.e., a third nerve palsy com- 
bined with a contralateral hemiplegia (see Chap. 
31); (4) hemlballtfmus, which probably arises 
also from an occlusion of the branch of the posterior 
cerebral artery running to the subthalamic nucleus 
of Lu}S; (5) Farinaud's syndrome, paralysis of 
conjugate vertical gaze and at times of lateral gaze, 
which results from damage to the region of the 
posterior commissure; (0) peduncular haUudnosis 
(visual hallucinations of brightly colored scenes 
and objects) has been observed in occlusion of the 
posterior cerebral artery, but the site of the lesion 
has not been determined More often an Intracere- 
bral hemorrhage is responsible. AH these abnor- 
malities are relatively uncommon in cerebrovascular 
disease. Finally, (7) extensive infarction of the 
upper midbrain results in deep coma and "decere- 
brate rigidity" (reflex extensorposture). 

Veriehral Artery. The vertebral arteries are the 
chief arteries of the medulla, and each stippbcs the 
lower three-fourths of the pjTamid, the media] 
lemniscus, all or nearly all of the retro-obvaiy 


rcgimi (the lateral medullary region), the restiform 
body, and the posteroinferior part of the cerebellar 
hemisphere (sec Fig. 284-6). The relative size of 
the vertebral arteries varies a good de.il, and in 
approximately 10 per cent of cases, one vessel is 
so small that the other can he considered the only 
artery of supply to the brain stem. In tin’s case, 
depending on collateral inflow from the carotid 
s>'slem via the drcle of W'illis, occlusion would 
be equivalent to occlusion of the total vertebral- 
basilar sj'slem, including tlie posterior cerebral 
arteries. The posterior inferior cerebellar artery is 
usually a branch of the v'crtebral artery, but not 
infrequently it has a common origin with the an- 
terior Inferior cerebellar artery from the basilar 
artery. It is necessary to keep tliese anatomic varia- 
tions in mind when visualizing the effects of verte- 
bral artery occlusion 

The results of vertebral occlusion are quite 
variable. WTicn there are two good-sized vertebral 
arteries, occlusion on one side occurs not infre- 
quently without any recognizable sj-mptoms and 
signs or palliologic changes If the occlusion of the 
vertebral artery is so situated as to block the mouth 
of one or more arteries supplying the lateral me- 
dulla, the lateral medullary sjudrome may be 
precipitated, and this is probably the commonest 
picture in vertebra! occlusion (see below). ^Vben 
the branch to the anterior spinal artery is blocked, 
collateral inflat from the spina) artery branch of 
the opposite side js usually sufficient to prevent in- 
farction. If the branch to the pyramid is occluded, 
that part of the corticospinal tract may be infarcted 
unless collateral flow i$ adequate. Of course, any 
of these branches may become occluded in its 
course after leaving the vertebral arteiy and pro- 
duce similar effects. Rarely, occlusion of the verte- 
bral artery or one of its media! branches produces 
an infarct which involves the medullary pyramid, 
the medial lemniscus, and the emergent hypoglossal 
fibers [contralateral paralysis of arm and leg (face 
spared), contralateral loss of touch and vibration 
sense, and ipsilatcra] paralysis and atrophy of the 
longuej. Tlus is the medial medullary syndrome 
(sec Fig. 284-6D). Finally, vertebral occlusion can 
lead to symptoms by blocking the posterior inferior 
cCTebellar artery. 

The posterior inferior cerebellar artery supplies 
the inferior portion of the lateral mcdullaiy region, 
the restiform body, and the inferior surface of the 
ccrebcDar hemisphere. It may be occluded at its 
month, l.e., by thrombosis of the vertebral artery 
— or anywhere along its course. Some patients 
tolerate obstruction of tlie vessel with bttle or no 
fl] effect; in olliers an e.xtenshe infarct results in 
the cerebellum and/or the posterolateral mednfla 
It should be pointed out that the various cerebellar 
arteries are connected to their neighbors by sub- 
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Fio. ^4>G. Diagram cf Uw btair, stem showing the ptiocipa! vessels of the vertebtal-basilai system The letters 
and orrosvs on the right Indicate Uie Icvcb of the four cross sections A, B, C and D which follow, Although 
typical vascular syndromes of the pons and meduUo base been designated by sharply outlined shaded areas, 
the student must appreciate that since satisfactory clintcopatliologic studies are far from numerous, the diagrams 
arc not necessarily accurate nor do they always sepresent established fact. Tl-ie great frequency with which In- 
farcts fail to produce a well-rccognired sjudromc and the special tendency for syndromes to merge with one 
another must be emphasized. 


arachnoid interarterial anastomoses, in the same 
way as the main arteries of the cerebrum, and the 
potential for collateral flow to a compromised 
territory is excellent. 

The clinical picture resulting from occlusion of 
die posterior inferior cerebellar artery is highly 
variable. Often no serious damage results. At other 
times, there may be dizziness, homolateral cdc- 
bellar ataxia, nystagmus, and loss of equilibrium 
(due to involvement of the inferior surface of the 
cerebellum and its connections with the brain stem. 
Or, the lateral medullary stjndrome may be evobed 
through blockage of flow along the inferior artery 
of the lateral medulla. While occlusion of the 
posterior inferior cerebellar artery is usually stated 
to be the cause of the lateral medullary syndrome, 
this appears to he true in only a irunority of pa- 
tients; more careful studies have shoAvn that in 
fi out ai tQ the ve^tehswl estexy is <yicb4ide<i, 
and in the other 2 cases either the posterior in- 


ferior cerebellar artery is occluded or no arterial 
occlusion is found. 

The lateral meduUanj syndrome is produced by 
infarction of a small wedge of lateral medulla lying 
posterior to the inferior olivary nucleus (see Fig. 
284-6D), The classical syndrome consists of pain 
and numbness of the ipsilateral face (descending 
tract and nucleus of the trigeminal nerve), dizziness, 
nausea, TOtniting, nystagmus (vestibular nucleus or 
fibers), dysarthria, dysphagia, ipsilateral palatal 
weakness, hoarseness, ipsilateral paralysis of vocal 
cord, w-eakness of the sternocleidomastoid muscle 
(nucleus arohiguus or issuing fibers), homolateral 
cerebellar ataxia of arm and leg, disequilibrium 
with falling to the side of the lesion (inferior cere- 
bellar iwduncle, olivocerebellar fibers, or cerebel- 
lum), dissociated sensory deficit consisting of loss 
of pain and temperature sensation on the opposite 
side of the body belaw the neck — saxwetitres ^Vle 
face is included (spinothalamic tract), ipsilateral 
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and trophic ulceration. Some of these additional 
signs may indicate extension of the lesion to a 
slightly higher level. This syndrome, one of the most 
striking in neurology, is sJmost always due to in- 
farction. It should be emphasized that very fre- 
quently the syndrome is present only in part. 

Basilar Artery. The basilar artery supph'es not 
only the pons and upper part of the cerebellum but 
also in most cases both posterior cerebral territories. 
Occlusion may occur in the trunk of the basOar 
artery or m any one of its branches. 

The branches of the basilar artery may be con- 
veniently grouped as follows: (1) paramedian, 
seven to ten in number, supplying a wedge of pons 
on either side of the midlinej (2) the short circum- 
ferential branches, five to seven in number, supply- 
ing the lateral two-thirds of the pons and the middle 
and superior cerebellar peduncles; and (3) the long 
circumferential, hvo in number on each side run- 
ning laterally across the pons to reach the cerebellar 
hemispheres (the superior cerebellar artery and 
the anterior inferior cerebellar artery). 
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Occlusion of the basilar artery evokes a vast 
array of clinical manifestations reflecting involve- 
ment of a large number of structures [corticospinal 
and corticobulbar tracts, cerebellum, middle and 
superior cerebellar peduncles, medial and lateral 
lemnisci, spinothalamic tracts, medial longitudinal 
fasciculi, pontine nuclei, vestibular and cochlear 
nudcl, descending hypothalamospinal sympathetic 
fibers, the upper medulla and the third, fourth, 
fifth, sixth, seventh, and eighth cranial nerves 
(including the nuclei, the segment \vithin the brain 
stem, and the peripheral nerve itself); see Fig. 
284-61. 

The picture of basilar occlusion due to thrombosis 
may arise in. several ways; (1) occlusion in the 
basilar artery itself usually in the lower portion 
near its origin, at the site of an atherosclerotic 
plaque; (2) both vertebral arteries may become 
occluded, closure of the second amounting to 
basilar obstruction; (3) occlusion of a single verte- 
bral, when there is only one of good size, is 
equivalent to basilar oedusion. It must be em- 



1. MEDIAL MtDFOtmNE SYNDROME (poiatncdum branch of midbasilar artery) 

Structures invoiced 
Middle cerebellar peduncle 


Signs and symptoms 
On side of lesion 

Ataxia of limbs and gait (more prominent in bilateral 
involvement) 

On side opposite lesion 
Paralysis of face, arm, and leg 

Variable and transient impaired touch and proprio- 
ception (this has not been clearly established) 

2. LATERAL MiDPONTiNE SYNOnoME (short ciicumferential artery) 

On side of lesion 

Ataxia of limbs Kfiddle cerebellar peduncle 

Paralysis of muscles of mastication Motor fibers or nucleus of fifth nerve 

Impaired sensation over side of face Sensory fibers or nucleus of fifth nerve 


Corticobulbar and corticospinal tract 
Medial lemniscus 
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1. MEOIAX. XNrauon PONTTVS STOTROME (ocdustoR of p.tramedfan branch of bisiJdr artery) 

Signs and ttjmptoms Struclurct invoiced 

On side of lesion 

Fanilysls of conjugate gaze to side of lesion (presersR* “CenteT” for con;i)gale lateral gaze 
tiOR of convergeoce) 

Nystagmus Vesbbutar nucleus 

Ataxia of limbs and gait Middle cerebellar peduncle (?) 

Piplopla on lateral gaze Abducens nerve 

On tide opposite lesion 

Faralysis of face, arm, and leg Corticobulbar and corticospinal tract in lower pons 

Impaired tactile and proprioceptive sense o\er half Medial lemniscus 
of the body 

2. LAToiAL rvTEnion povtt<e sy^^>noM^: (occlusion of anterior inferior cerebellar piteiy) 

On side of lesion 

Horizontal and vertical nystagmus, vertigo, nausea. Vestibular nerve or nucleus 
STimiliDg 

Facial paralysis Seventh nerve 

Faraljsis of conjugate gaze to side of lesion “Center" for conjugate btcral gaze 

Deafness, tinnitus Auditory nerve or cocldcar nucleus 

Crossed diplopia Uncertain 

Ataxia Middle cerebellar peduncle and cerebellar hemisphere 

Impaired sensation over face (uncommon) Descending tract and nucleus fifth nerve 

On side opposite lesion 

Impaired pain and thermal sense over half the body SpinoOiolamic tract 
(may include face) 

3 TOTAL CNTLATERAL iNFEiuon povTCfE STNDBOvti: (occlusion of anfcTior Inferior cerebellar artery). Combination 
of lateral and medial syndromes. 

phasizetl that thrombosis may involve only a branch embolus usually lodges at the upper bifurcation 

rather than the trunk of the basilar artery, and this of the basilar or in one or other posterior cerebral 

is probably the commonest cause of basilar symp- arteiy. since if it is small enough to pass through 

tomatology. MTicn the obstruction is embolic, the the vertebra! artcr)’. it should easily traverse the 
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length of the basUar artery, which is usually of 
greater diameter than either vertebral artery. 

In the complete basilar syndrome, there be 
paralysis of all four extremities (often one side 
is more affected than the other) and the bulbar 
musculature, dysarthria, dysphagia, diplopia, sen- 
sory loss for pain, temperature, touch, and vibra- 
tion (motor paralysis usually predominates over 
sensory deficit), and perhaps impaired vision. At 
the most advanced stage of the illness, the patient 
is deeply comatose, both voluntary and reflex ^e 
movements are absent, the pupils usually but not 
always are fixed to light and may be dilated, res- 
pirations are irregular, the systemic blood pressure 
fluctuates, and accesses of extensor rigidity may 
occur spontaneously or be evoked by pinch or 
other stimuli. Occasionally, with low pontine le- 
sions, the patient, although totally paralyxed and 
subject to violent extensor spasms, may be relatively 
alert but phj^ically powerless to evince signs of 
it, except by signaling svith upward eye movements 
(see Chap. 34) . 

In the presence of the full syndrome, it is usually 
not difficult to make the correct diagnosis. The aim 
should be, however, to recognize basilar insuffi- 
ciency long before the stage of total defidt has 
been reached. The early manifestations occur in 
many combinations, and it would be difficult to 
list all the possibilities ^fost commonly tbc folIo^v• 
ing will be encountered: weakness or paralysis of 
one or both sides of the body, occasionally a mono- 
plegia only; numbness and a corresponding sensory 
loss involving one or both sides of face, or both 
hands, or both legs; or numbness of one side can 
he combined with paralysis of the other; dysarthria, 
speechlessness, stuttering, and dysphagia: dizziness 
of a vestibular type, either in spontaneous attacks 
or upon change of posture, often associated with 
nausea and vomiting; diplopia, due to a disturbance 
of the third or sixth nerves, or resulting from faulty 
conjugate lateral gaze or intemuclear ophthalmo- 
plegia (see Chap. 31); paralysis of conjugate lateral 
gaze to the side of the lesion (this is the reverse 
of a hemispheric lesion, in which the patient is 
unable to turn his eyes toward the side of the 
paralysis); paralysis of vertical gaze upward and 
downward due to a subthalamic lesion; forced 
deviation of the eyes; loss of ability to accommodafe 
for near and far Wsion; cerebellar ata.ria involving 
the limbs of one or both sides, or aifectmg chiefly 
walking and standing; infranuclear palsy of the 
seventh nerve {facial paralysis) or the motor part 
of the fifth ncr\-e (weakness of masseler musde 
and deviation of the jaw to the side of the lesion); 
impaired xision, blurred vision, dark vision, or 
scintillating scotomas; loss of hearing, cither uni- 
lateral or bilateral, and rarely tinnitus; headache, 
head pain, or peculkir he.id sensations (like a cord 


being drawn tightly around the head); confusion 
and impaired memory; drowsiness (the patient 
may, however, be lucid). Other phenomena include 
rhythmic bulbar myoclonus, bilateral intemuclear 
ophthalmoplegia, hemiballismus, choreoathetosis, 
Cheyne-Stokes respiration, facial fasciculations or 
twitchings, simple auditory hallucinations, and dis- 
tortions of taste. 

In regard to occlusion of individual basilar 
branches, the main signs of occlusion of tlie superior 
cerebellar artery are severe ipsilateral cerebellar 
ataxia (middle and/or superior cerebellar pedun- 
cles), nausea and vomiting, slurred speech, and 
loss of pain and temperature over the extremities, 
body, and face of the opposite side (spinothalamic 
tract). Partial deafness, a static tremor of the 
ipsilateral upper extremity, Homers syndrome, and 
bulbar myodonus have also been reported. In 
oedusion of the anferfor in/erior cerebellar artery 
the extent of the infarct is extremely variable. The 
size of this artery and the territory it supplies vary 
inversely \vith that of the posterior inferior cere- 
bellar artery. The principal findings are ipsilateral 
cerebellar ataxia (middle cerebellar pedimde), 
Homer’s syndrome, ipsOateral deahtess, whirling 
dizziness, facial palsy, and sensory loss over the 
face. Nausea, vomiting, tinnitus, and nystagmus 
may be associated. Pain and temperature sensa- 
tion may be lost on the opposite side of the body. 
If the occlusion is close to the origin of the artery, 
the corticospinal fibers may also be inwlved, pro- 
ducing a hemiplegia. Oedusion of the artery io the 
retro-olivary space will produce the lateral medullary 
syndrome. Oedusion of a paramedian branch will 
result in infarction of the corticospinal fibers, the 
adjacent pontine nuclei, and the pontocerebellar 
fibers on one side of the pems. If the infarct ex- 
tends deeply to reach the tegmentum as it occasion- 
ally does, paralysis of conjugate lateral gaze and a 
sensory deficit vvill result. Occlusion of smaller 
branches in patients with hypertension and athero- 
sderosis results in small infarcts (lacunes) which 
may be responsible for or contribute to the syn- 
drome of pseudobulbar palsy. 

One of the hallmarks of a brain stem lesion is 
the occurrence of bilateral motor and/or sensory 
signs; %v1thln the brain stem, tracts descending to 
and ascending from each side of the body either 
cross each other or run in close proximity, in 
contrast to the cerebral hemispheres where the 
motor and sensory tracts subserving the two sides 
of the body are distantly separated. ^Vhile it is 
correct to emphasize that bilaterah'ty of a lesion 
strongly suggests brain stem involvement, it must 
be pointed out with equal force that unilaterality of 
a lesion by no means predudes a brain stem site. 
On the contraty, in many instances of infarction 
within the basilar territory the lesion is strictly 
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DISEASES or ORGAN SYSTEMS 


Mediol LPnO'lddinal Tosclculus 



Ficf 281-60. 


1. MEDIAL MCDVU-Any sxsDnoMg (octluiton of vertebral ortcry or of Iiranili of vertebral or lower basilar artery) 


Sigra nnJ symptoms Structuies (ncohed 

On side of lesion 

Paralysis with ntropliy of half the tongue Issuing twelfth nerve 

On side opposite lesion 

Paralysis of arm and leg sparing face Pyr.«initl.al tract 

fmpaiied tactile and piopruKcpli'e sense oser half htcdial Icmnhcus 
^e body 

2 LATOLAL }.icsuLLAny SYS'DRUMC (occlsision of anv of fisc vessels may be responsible— vertebral, posterior In- 
ferior ccrebell.'ir, or siipcnor, middle, or Inferior lateral medullary arteries) 


On side of lesion 

Pam, numbness, impaired sensation over half the face 
Ataxia of bmbs, falbug to side of lesion 

Vertigo, nausea, vomiting 
Nystagmus 

Miosis, ptosis, decreased sweating (Iloracis syn- 
drome) 

Dysphagia, hoarseness, paralysis of palate, paralysis of 
vocal cord, dimimslied gag reflex 
Loss of taste 

Numbness of arm, trunk, or leg 
Hiccups 


Dcscemlmg tract and nucleus fiftli nerve 
00000.110 rcstilomi body, cerebellar hemisphere, olivo- 
cerebellar fibers, spmocerebcUir tract (?) 

X'cstibular nucleus 
Vestibular nucleus 
Descending sympatJieUc tract 

Issuing fibers ninth niitl tenth nerves 

Nucleus and tractus sohtaiius 
Cuneate and graede nuclei 
Uncertain 


On side opposite lesion 

Impaired pain and thermal sense over half the body. Splnothal-imic tract 
sometimes face 

3 TOTAL UNILATERAL MEDLTXABY svNnROME (occliision of vcrtcbral aftciy). Combination of medial and lateral 
mcJiillary syndromes. 

A LATERAL PONTOMEDULLARY SYNDROME (occIusion of anterior Infcnof cerebellar artery or superior lateral medul- 
lary artery). Combmition of lateral medullary and lateral inferior pnnfmc syndromes. 
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limited to one side, bespeaking occlusion of a 

basilar branch rather than oi the main trunk. 

Another cardinal brain stem sign is nuclear or in- 

franucJear involvement of one or more cranial 

nerves. 

In the diagnosis of disease of the brain stem it is 
impossible from motor signs alone to distinguish 
a hemiplegia of pontine origin from one of cerebral 
origin, and we are dependent on coexisting phe- 
nomena. As with cerebral lesions, a flaccid paraly- 
sis gives ^vay to spasticity in the folloning days, 
weeks, or months; and there is no satisfactory 
explanation for the variability in this period of 
delay. The pattern of sensory disturbance may also 
be helpful in localization. A dissociated sensory 
deficit over the face or one-half the body usually 
indicates a lesion within the brain stem; a sensory 
loss over one side of the body involving all mo- 
dalities with no suggestion of dissociation in any 
region indicates a lesion at the thalamic level or 
higher. When position sense, two-point discrimina- 
tion, and tactile localization are afiected relatively 
more than pain, temperature, and tactile sense, a 
cortical lesion is suggested; the reverse suggests a 
brain stem location of the lesion. When both motor 
and sensory manifestations ore bilateral, it is almost 
unequivocal evidence that the lesion lies infraten- 
tori^Iy. When hemiplegia or hemiparesis and sen- 
sory loss are coextensive, the lesion lies supralen- 
torlaUy. Additional manifestations which point 
unequivocally to a brain stem site are whirling 
dizziness, diplopia, ceiebellai ataxia, Homer' s 
drome, and deafness. The several brain stem 
syndromes illustrate the important point that the 
cerebellar system, spinothalamic tract, trigeminal 
nucleus, and sympathetic fibers can be involved at 
different levels, and neigliborhood phenomena are 
necessary in order to identify the exact level. 

A myriad of eponymic brain stem ^tidromes, 
e.g., Weber, Claude, Benedict, FoviUe, Haymond- 
Cesfan, Millard-Gubler, etc-, already menboned 
in pp. 295 to 297, have been described in relation 
to brain stem lesions. In their classical descriptions 


CHAP. 284 1767 

most of them relate to cases of tumor and other 
non\'ascular diseases, and only occasionally is one 
of these sj-ndromes encountered in association u’ith 
vascular disease. The diagnosis of vascular disorders 
in tills region of the brain is not greatly facilitated 
by these syndromes, and it is preferable to mem- 
orize the neuroanatomy of the brain stem. 

The peat desirability of being able to categorize 
brain stem vascular cases m'th accurat^’ hardly 
need be mentioned. Nonetheless, an analysis of 
the authors' experience with a large number of 
these cases shows that too often it has been im- 
possible either to designate the vessel ini’oh'ed or 
to fit the clinical picture to an eponjin. A survey 
of the literature indicates that complete nemo- 
pathologic studies in this territory are so fe'v that 
reliable rules for the exact identification of the 
vessel or vessels involved are not available except 
for a few of the major syndromes. It seemed more 
practical, therefore, to classify the cases according 
to the topography of the lesions within the brain 
stem, and the classification shown in Fig. 284-0 
ts-as drawn up. There are some 12 syndromes in 
all, the principal eight being medial and lateral 
lesions at four different levels of the brain stem, 
upper pons, midpons, lower pons, and midmedulla. 
Three are combinaUons of rivo or more of the 
eight syndromes just mentioned, while the final 
syndrome represents a full brain stem infarction. 
'This list of syndromes has been useful to the authors 
in cataloguing day-to-day clinical cases, but there 
are patients who do not fit the classification. 

Further Remarks Concerning S>TnptomatoIogy. 
In addition to the neurologic manifestations which 
can be assigned to one or another region of the 
brain, many phenomena whose origin is still ob- 
scure are encountered in stroke cases of nil Ij^ies. 
The foUowing remarks relate chiefly to infarction, 
but for the most part they apply also to hemor- 
rhage. Cheyne-Stokes respiration or a ^’ariant 
thereof is an extremely common finding, especially 
with supratentorial lesions, unil.iteral or bilateral. 
Incontinence of bladder and/or bowel is a regular 


5. RASiLAR ARTERY ss'NDRO'iE ( tlic s)T«lronie of U>e lonc vertebral artery iv equivalent). A combmalion of the 
various brain stem syndromes plus those arising in tl« posterior cerebral artery distribution. Tlic clinical picture 
comprises bil.iteral long-tract signs (sensorj’ and tnolor) mth ccrebcll.ar and peripheral cranial nerve abnormalities. 

Signs and stjtnpioms S/r«cfHret involved 

Paralysis or weakness of all extremities, plus all bulbar Corticobulbar and corticospinal tracts bilaterally 
musculature 

Diplopia, paralj-sis of conjugate Literal and/or vertical Ocular motor nerves, apparatus for conjugate gaze, 
gaze, intemuclear ophthalmoplegia, liorizonta! and/or medial longitudinal fasciculus, vestibular apparatiis 
veiUcal mstagmus 

Blindness, impaired vision, various visual field defects Vivual corte* 

Bilateral cerebellar ataxia Cerebellar peduncles .md the cerebclhr hemispheres 

Coma Tegmentum of midhralii, th.ilami 

Sensation may be strikingly Intact in tlie presence of Medial lemniscus, spinothalamic tracts or (lialamic 
almost tot.al parah-sis. Sensory loss may Iw s)-iingi>- nuclei 
myelic or the reverse or involve all modalities 
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accompaniment of strokes of moderate to severe 
degree. Vomiting once or twice at the onset of a 
stroke Is frequent. Sucking and grasping reflexes are 
extremely common on the side opposite the hemi- 
plegia, i.e., the supposedly unaSccted side, the 
grasp reflex showing itself in several ways, e.g., 
the patient’s tendency to palpate the folds of the 
bedclothes or rubber tubing. The temperature and 
the pulse, although often not altered to any extent 
in cerebral thrombosis, may in basilar artery oc- 
clusion undergo a terminal rise, the temperature 
reaching 104 to 108®F. The blood pressure fluc- 
tuates but seldom falls to low levels. 

It is difficult to make broadly applicable state- 
ments about mental change, stupor, and coma In 
cerebral thrombosis, foe they are in large part re- 
lated to both the site of the lesion and its size; 
massive lesions in addition may induce pressure 
secondarily on diencephalic, midbrain, and pontine 
structures. Drowsiness, apadiy, impairment of mem- 
ory, and mild degrees of confusion are extremely 
common In brain infarction doe to cerebral thrombo- 
sis, especially when the lesion is situated supraten- 
lorially. However, a patient svith a complete hemi- 
plegia, right or left, due to a hemispheral lesion may 
remain r^atively alert and may be found propped 
up in bed reading, or pretending to read, the morn- 
ing newspaper. With small lesions of the motor s>'s- 
tem tliere may be no discernible Intellectual change 
whatsoever. Spasmodic crying or laughing is fre- 
quently seen in unilateral lesions and is not always 
to be taken as a sign of blpyraoudal palsy. M'bcn 
both the middle and anterior cerebral territories 
on one side are involved, responsiveness is con- 
spicuously reduced, althougli the patient is gen- 
erally asvake or can be aroused. £.xtcn$ive bilateral 
lesions of the cerebral hemispheres predpitatc deep 
coma. In bilateral lesions of the basis poniis, almost 
total paralysis of the entire body musculature may 
be combined with a surprising degree of awareness; 
but if the tegmentum of the upper brain stem is 
softened, deep coma results. 

When a massive hemispheral infarct has oc- 
curred, there is always the possibility that severe 
cerebral swelling svill foUosv in the next few days. 
Wien this happens, tentorial, subfalcial, or cere- 
bellar herniation may occur, and if tlie midbrain 
IS seriously compressed, deep coma, dilated fixed 
pupils, respiratory embarrassment, and rising tem- 
perature presage a hopeless outcome. In rodder 
cases tire patient passes through an extremely 
drowsy period, and transient papilledema, raised 
spinal fluid pressure, and a marked shift of the 
pineal gland or the anterior cerebral artery in the 
arteriogram may be encountered. Decerebrate 
posture (reflex extensor rigidity) usually reflects 
irreversible djm.igc to the midbrain or pons, cither 
^ by softening or as the result of Diirct hemorrhages 
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secondary' to tentorial herniation and midbrain 
compression. Unilateral decerebrate posture is seen 
not infrequently and does not cany with it the 
poor prognosis of the bilateral variety. 

Laboratory Findings. Renal function is not al- 
tered in cerebral infarction, and any urinary ab- 
nonnalitics are to be attributed to concomitant rcn.!! 
disease. A significant leukocytosis does not occur. 
The cerebrospinal fluid pressure is normal in 
patients with cerebral thrombosis, unless the infarct 
Is large ond associated with severe swelhng of the 
damaged tissue. Cerebral thrombosis never causes 
blood in the spinal fluid, which Is “crystal clear” 
unless the infarct is especially congested, when a 
very faint xanthochromia (I to 2 on a scale of 10) 
may occur. A sh^t increase in the leukocytes of 
the spinal fluid (3 to 8 polymorphonuclcars) is 
common in the first few days of the illness. Rarely, 
and for unexplained reasons, a bnsk, transient 
pleocj'tosis (400 to 2,000 polj’morphonudears per 
cu mm) occurs on about the tliird day. A persistent 
increase in the white blood cells of the CCTebro- 
spinal fluid suggests the presence of chronic menin- 
gitis (syphilis, tuberculosis, torula), granulomatous 
arteritis, septic embolism, cerebral thrombophlebitis, 
or a nonvascuJar process. The total protein may 
be normal, but frequently it is raised to 50 to 80 
mg per 100 ml. Rarely is it over 100, in which case 
some other diagnosis should be seriously considered. 
A Wassermann or some other spedfie test for 
syphilis IS still routinely made in many dinies but 
can be dispenser! with unless the rest of the clinical 
and laboratory picture points toward neurosyphilis. 
A positive test in a bloody fluid is not valid, since 
syphilitic reagin may have been carried into the 
fluid by the contaminating blood. Skull x-rays are 
not remarkable, and the pineal gland will not be 
shifted unless severe cerebral swelling has occurred, 
in which case tlw vvdL usually ba stuporous 

or comatose. The use of ophthalmodymomometry 
in the diagnosis of carotid obstruction has already 
been tefened to. 

The electroencephalogram is still of limited value 
in indicating infarction or distinguishing it from 
hemorrhage and from nonvasctilar conditions Gen- 
erally speaking, in cerebral infarction the electrical 
activity is found to be of a slightly slower fre- 
quency and lower voltage than normal High-volt- 
age slow waves (3 to 5 per second) are evidence 
in favor of hemorrhage or tumor. In brain stem 
and capsular infarction the tracing is usually within 
normal limits. In distinguishing a vascular lesion 
from brain tumor, serial electroencephalograms 
may be useful in that in the former the tracing 
tends to improve, in the latter to worsen. The 
detection of latent cerebral ischemia, using the 
electroencephalogram in conjunction with tilting the 
body or compressing one carotid artery, has not 
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attained wide popularity. The pneumocrtceplialo- 
gram may be normal or show local swelling in the 
acute stages of arterial occlusion, but in the healed 
stages local ventricular dilatation may occur at 
the site of tissue loss due to infarction. This pro- 
cedure is not recommended as a diagnostic labora- 
tor\' test in patients with occlusive cerebrovascular 
disease, because of the danger of precipitating pro- 
gression of the neurologic syndrome, due to the 
hypotensive state which so often attends the Intro- 
duction of air. Carotid arteriography, a procedure 
widely used in many clinics to visualize the site 
of the vascular occlusion, will demonstrate the 
blocked artety if it is in the carotid or in the 
proximal parts of the middle cerebral or anterior 
cerebral steins. To detect occlusion of the proximal 
parts of the common carotid or vertebral arteries 
or of the innominate and subclavian trunks, injec- 
tion via the subclas ian route or into the arch of the 
aorta itself is necessary. Arteriography is not with- 
out risk, and in patients with vessels narrowed by 
atherosderosis the infarction may be extended. It 
is not to be recommended as a routine measure In 
cerebral thrombosis but should be used only if the 
diagnosis of vascular disease is uncertain, if vascular 
surgery is contemplated, or as part of a scientific 
investigation of cerebroi’ascular disease. Radio- 
acth’8 eoncentration studies (arsenic scan) used 
for the detection of tumor, abscess, etc., often show 
a mildly positive picture over infarcts. Scintillation 
counting over the hvo sides of the skull after the 
intraxenous injection of radioactive material may 
provide a comparative index of circulation in the 
two carotid systems. 

Course and Prognosis. In the introduction it was 
pointed out that in the characteristic temporal 
profile of a vascular lesion improvement is the 
rule if the patient survives. When the patient is 
seen early in the course of his illness, it is extremely 
difficult to generalize about the immediale progno- 
sis. This raises a crucial (question in cerebral throm- 
bosis: \Vhere does the patient stand in his stroke 
process when first examined? Is xvorsening to be 
anticipated or not? No rules have yet been laid 
down which allow one to predict the course. A 
mild paralysis today may become a disastrous 
hemiplegia tomorrow, or the patient’s condition 
may only worsen temporarily for a day or two. In 
basilar artery occlusion, dizziness and dyspha^ 
may progress in a few days to total paralysis and 
deep coma. The course of the deficit is so often 
progressive that a pessimistic attitude on the part 
of the physician is justified in what appears to be a 
mild case. 

Progression of the stroke is probably due to 
increasing stenosis of the involved artery by mural 
thrombus and to extension of the thrombus along 
the artery to block side branches or hinder anasto- 
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motic flow. In the basilar artery, thrombus may 
gradually build up along its entire length. In the 
carotid system, thrombus at times propagates dis- 
tally from the site of origin in the neck, to the 
intracranial supraclinoid portion, and possibly into 
the anterior cerebral artery, preventing collateral 
flow from the opposite side. In middle cerebral 
occlusion, retrograde thrombosis may occur back to 
the mouth of the anterior cerebral, perhaps second- 
arily infarcting the territory of that vessel. Some 
of the ischemia-modifying factors already referred 
to probably also play a part in the progression. 

Several circumstances influence the immediate 
prognosis in cerebral thrombosis. In the case of 
large infarcts, swelling of the infarcted tissue occurs, 
tentorial herniation follows, and the patient dies in 
2 to 4 days. On the other hand, milder degrees of 
swcUing and increased intracranial pressure, 
though causing an apparent progression for 2 to 3 
days, may not prove fatal. In extensive basilar 
infarcUon associated with deep coma, the patient 
seldom lives for more than a few days. If coma or 
stupor Is present in a case from the beginning, sur- 
vival may be largely determined by the success in 
keeping tlie airways clear and maintaining fluid 
ond electrolyte balance (sec Chap. 34) Respira- 
tory and urinary infections are a constant danger, 
and once they begin there is usually a rapid decline 
in the patient’s condition with rise in temperature. 

As for the eventual or long-term prognoks of the 
neurologic deficit, there are too many possibilities 
to recount them in detail. In the case of small 
infarcts, recoveiy may start within hours or a day 
or two, and restoratjon may be complete. In severe 
cases there may be no significant recovery what- 
soever, and after months of assiduous efforts at re- 
habilitation, the patient may remain bereft of 
speech, with the upper extremity still totally useless 
and the lower extremity serving only as an uncer- 
tain prop in attempting to walk. Between these 
two extremes there is every shade of recovery. It is 
safe to say that the longer the delay before move- 
ment begins, the poorer the prognosis becomes. If 
recovery is not started in 1 or 2 weeks, the out- 
look is gloomy both for motor activity and speech, 
and in general it may be said that whatever motor 
paralysis remains after 5 to 6 months will probably 
be permanent. Aphasia, dysarthria, and cerebellar 
ataxia may improve for a year or longer, and sen- 
sory improv'ement has been detected for up to 2 
years. A hemianopia which has not cleared in a few 
weeks will often remain permanently, although 
reading, color discrimination, and object recogni- 
tion may continue to improve. Lateral medullary 
infarction might be regarded as an exception to the 
above rule, for difficulty in sw.ilIowing may be pro- 
tracted (4 to 7 weeks), and yet relatively normal 
functioa may be restored finally. 
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TJie question of recoveiy after cerebral lesions 
raises the broad problem of the functional substi- 
hition of one part of the brain for another. At 
present it is the consensus of opinion that one re- 
gion does not take over the function of another 
unless tliose parts normally worked in dose co- 
operation. For example, musculature which is sub- 
sened by both hemispheres, e.g., the face, eyes, 
throat, etc., may resume functionally normal activ- 
ity after an extensive hcmisphcral lesion. It has not 
been proved that recovery from expressive or re- 
ceptnc aphasia is due to the assumption of speech 
function by the intact nondominant cerebral hemi- 
sphere; some part of the damaged speech areas will 
usually have escaped destruction. 

Characteristically, the paralyzed musdes arc 
flaccid in the first d.ays or weeks following a stroke, 
but gradually spasticity develops and the tendon 
reflexes become brisker. Tlie arm tends to assume 
a flexed adducted posture, whereas the leg is usu- 
ally extended and adducted. Function is rarely if 
ever restored after the slow evolution of spasticity- 
Conversely, the early development of spaslidty in 
the band, or the appearance of a grasp reflex, and 
other postural reactions may presage a favorable 
outcome Bowel and bladder control usually returns 
ns mental clarity is regained, and spbmcleric dis- 
orders persist only m patients ivith the most sev'cre 
hemiplegia or bibteral motor deficit. Kot uncom- 
monly the hemiplegic limbs arc at first tender and 
ache on manipulation, interfering with the physical 
llierapy program. Nevertheless, phj-slotherapy 
should be initiated early in order to prevent con- 
tracture of muscles at shoulder, elbow, wrist, 
knuckles, knee, and ankle, a frequent complication 
and often the source of pain and added disability, 
particulady in relation to the shoulder. An annoy- 
ing, unsteady, "dizzy” feeling m the head often 
•pmvsNi tZiamoge \x> NtiAibwim i^’Vurtn 
brain stem infarcts. 

Rccurrcnf cerebral (epileptic) seizures are a 
complication in some 20 per cent of cases of in- 
farction in which tlic cerebral cortex has been in- 
volved. They ore infrequent during the evolution 
of a thrombotic stroke and visually appear within 
a few w'eeks or months. The occurrence of a seizure 
followed by postictal (Todd's) paralysis must not 
be construed as extension of an infarct 

Many patients complain of fatigability and are 
depressed. The explanation of these symptoms is 
uncertain, psychologic factors may be important 
Only a few patients become serious bchactor prah- 
Jems or psjchotic after a stroke, but paranoid 
trends, ill temper, stubbornness, and peevisimess 
arc common. 

Finally, in regard to prognosis, it must be men- 
tioned that having had one thrombotic stroke, the 
patient is in danger in the ensuing months and 


years of suffering delajed progression of his deficit 
or having a stroke at another site. The latter is 
especially true in hypertension. 

Treatment of Cerebral Thrombosis. The treat- 
ment of cerebrovascular disease and strokes may be 
divided into four parts: (1) general medical man- 
agement in the acute phase, (2) measures to re- 
store the circulation and arrest the pathologic proc- 
ess, (3) physical therapy and rehabilitation, (4) 
preventive measures against strokes and vascular 
disease. 

General Medical Management in the Acute 
Phase. In essence, this is the care of the comatose 
or helpless patient (see Chap. 34). Maintenance 
of the airway is of great importance. The only real 
danger is pooling of secretions in the pharynx, and 
to avoid this the patient must be nursed on hb 
Side or in the semiprone position. Pharyngeal suc- 
tion is often necessary; the larjmx or trachea iJ 
touched by the tip of the suction tube to stimulate 
coughing Bespiratory exchange may he insufficient 
if the jaw is tightly clenched and one nostnl is 
blocked by a nasal ^ceding tube. A mouth airway, 
as employed in administering anesthesia, can be 
used if the patient is sufficiently stuporous to toler- 
ate it. A tracheostomy will have to be performed 
if suction via the pharynx is ineffectual and cough* 
ing is in abeyance. Oxygen therapy, preferably by 
nasal tube, is advisable if aeration of the lungs if 
compromised in any w'ay. Preccnllon of pulmonary 
complications is best achieved by turning the pa* 
ticnt every hour, by strict avoidance of oral feeding 
if the slightest dysphagia exists, and by the use oi 
proph) lactic penicillin therapy. Constant urinary' 
bladder drainage, with daily irrigation, regular 
changing of catheters, and urinary' antibacterial 
agents (I.O Gm Cantrisin per day), is neces- 
sary if coma is protracted. Intravenous fluids fof 
7iis\ 1 ^ iays SoWowei Viy riansnasai sYom-svAv 

tube feedings are the best means of providing ade- 
quate fluid intake and nourishment. Other meas- 
ures include elastic stockings on the legs and treat- 
ment of cardiac failure. 

Measures to Restore the Circulation and Arrest 
the Fothotogic Process. Once a thrombotic stroke 
bas developed fully, no therapy so far devised is of 
any value in restoring the cerebral tissue or its 
function. Tfierapy to be elective must be precen- 
rice. The diagnosis of thrombosis must be made at 
the earliest possible stage and the full catastrophe 
circumvented by every means. It will be appreci- 
ated, therefore, that all the measures used in com- 
bating a stroke in so far as they are designed to 
alleviate, check, or prevent the cerebral ischemic 
process are really preventive in nature. They will 
be instituted at various stages of the process — 
when only transient isclicmic all.xcks arc occurring 
or at any point in the progression of a thrombosis- 



THE Nnnvous system 


CHAP. 2S4 1771 


in-cvolution or when almost the full neurologic 
deficit lias appeared. Even when persistent signs 
and symptoms ha\c appeared it is concchaUe that 
some of the tissues affected, particularly at the 
edges of the infarct or islands within, have not 
been irre\-crsibl)’ damaged and will survive if blood 
flow can be increased. 

Tlic following tberapcutic methods arc being 
tried at present or have been tried in the recent 
past: 

.MEDICAL MEASURES TO IMPROVE THE BLOOD SOP- 

ptv TO THE ijRAi.v. Clinical observation indicates 
that stiolvcs and ischemic attacks in many cases 
develop when Uic patient gets up from his bed, 
particularly in the morning or postopcrativcly. On 
the assumption that decrease in the cerebral cir- 
culation resulting from the upright position can 
aggravate cerebral ischemia, it is recommended 
that patients with a stroke as the result of ischemic 
infarction should remain horizontal in bed for 7 to 
10 days initially and that, when ambulation starts, 
special nltcnlion should be given to prcserx'alion 
of the sj'Stemic circulation (avoid standing <\uictly 
for prolonged periods, sit with the feet up. etc.). 
Elevating the fool of the bed 14 in. or more In the 
acute stage appears to be beneficial. In stroke cases 
it is of great importance tlvat the systemic blood 
pressure be maintained (correction of blood loss, 
use of Levophed in myocardial infarction with 
vascular collapse, avoidance of autonomic blocking 
agents, etc.). Injections of epinephrine have been 
recommended as a means of raising the systemic 
blood pressure above tbc usual levels. Although 
this enhances ccrcbr.nl blood flow and might be 
beneficial, a s)'stcmalic tii.il in thrombotic eases has 
not been undertaken. Anemia mmt be corrected. 
Polycythemia may slow the circulation locally and 
must be treated. 

ANTicoACULATiov. Accofding to present reports 
anticoagulant therapy prevents transient ischemic 
attacks and postpones the arrival of an impending 
stroke whether the carotid or vertebral system Is 
involved. Anticoagulants also halt the advance of 
a progressive thrombotic stroke but not in all eases. 
In assessing anticoagulant therapy one faces the 
crucial question of where in the ojursc of the 
stroke tlie patient stands when he is Erst examined. 
Will his course be benign or disastrous? There are 
no reliable rules for prediction at the present lime. 
Anticoagulants arc not of value in the fully devel- 
oped stroke. tVhelher when given for a prolonged 
period of time they prevent the lecuircncc w a 
thrombotic stroke is still under study, but the inci- 
dence of severe hemorrhagic complications appears 
to limit their value in these cases. 

When cnticoagulant therapij is instituted in 
stroke cases, Dicumarol or a drug of similar action 
is usually used. If an anticoagulant effect appears 


to be urgently required, heparin is administered, 
conojmitanlly', intravenously in doses of 50 to 75 
mg every 3 to 5 hr until the Dicumarol becomes 
effective. Dicumarol alone is sufficient in patients 
with transient ischemic attacks, repeated throm- 
botic strokes, or cerebral embolism (see p. 1779). 
Heparin is used in addition when in thrombotic 
eases worsening in the clinical picture is occurring 
from hour to hour or day to day. 

Hie use of anticoagulant drugs makes an accu- 
rate clinical diagnosis imperative. Intracranial hem- 
orrliagc must be ruled out, by relying primarily on 
examination of the cerebrospinal fluid; it is to be 
remembered, however, that a clear fluid docs not 
necessarily exclude bemorrhage (see p. 1782). A 
control prothrombin concentration and coagulation 
lime arc desirable before therapy is started, but if 
this is not feasible, the initial doses of anticoagu- 
lant drugs can usually be given safely if there is no 
evidence of active bleeding anywhere in the bod)'. 
The question of whether or not severe hyperten- 
sion is a conlroindicalion to anticoagulant therapy 
Ins not been accurately answered. There is no re- 
liable evidence that complications are more fre- 

S uent in the presence of hypertension if the pro- 
irombin activity is maintained at 15 per cent or 
higher, and therefore the authors have not with- 
held anticoagulant therapy in these patients; how- 
ever, when the diastolic blood pressure is in the 
range of 130 mm Hg or more an attempt is made 
at the same timo to lower the pressure gradually 
with hypotensive agents, cvercising great care not 
to prejudice further the circulation in the region of 
the infarct by too great a reduction in the systemic 
pressure. It is preferable to avoid reduction of the 
blood pressure in the 2-wcek period immediately 
following a thrombotic stroke. 

Anticoagulant therapy is relatively safe provided 
the prothrombin concentration is determined regu- 
larly (once a day, for Uve first 10 day’s, thence 
thrice a week, and finally cv’ery week or 10 days) 
at a laboratory using reliable methods. Tiierapy can 
be prolonged for months and years, and only occa- 
sionally is it necessary to interrupt treatment be- 
cause of une.tplained disturbances of coagulation. 
Dicumarol overdosage will cause hemorrhage from 
the kidney, nose, bowel, skin, or into muscle, as 
well as subdurally and into brain. Although most 
of these accidents are not serious, vitamin Kj 
should be administered immediately. 

SORCERY. In recent years surgical management 
of the arterial obstruction in the neck and thorax 
has been used with increasing frequency employ- 
ing thrombendarterectomy or bypass grafts. Tlie 
region of the carotid sinus is most frequently 
amenable to such therapy, but operation must be 
carried out at the stage of carotid stenosis ratlier 
tlian total occlusion; othenvjse secondary clot will 
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have formed in Uie distal reaches of the nrlciy 
from whence removal is impossible. Other sites 
suitable for surgical managemerrt include the ongin 
of the vertebral arteries from the subclarians. and 
tile common carotid, innominate, and subclavian 
trunks. Before operation the existence of the lesion 
and its extent must be determined by arteri- 
ography. Surgery is undertaken at the stage of 
transient ischemic attacks or early in the course 
of thrombosis-in-erolution. Wien total infarction 
has occurred, surgciy will be inelFeclIvc er-en 
though patency of the vessel is restored. The early 
reports of surgical results are extremely promising 
— ischemic attacks are abolished, incipient strokes 
are halted, and the occurrence of another stroke is 
averted — but surgery is not without risk, and its 

i ilace in tlie treatment of cerebrovascular diseases 
las not been fully determined. To be sure, in only 
a small minority of the total number of thrombotic 
strokes arc the lesions situated cxtracranially aod 
hence suitable for surgery. 

CEREDRAL VASODILATORS. Dcspitc experimental 
e\’idence that these agents increase the cerebral 
blood flo^v, as measured by the nitrous oidde 
method, they have not proved bcaefieiat in careful 
studies in human stroke cases at the stige of tran- 
sient ischemic attacks, thrombosis-in-ev'olution, or 
in the established stroke. This ts true of nicotinic 
acid, Friscollne, alcohol, papaverine, and inhalation 
of 5 per cent carbon dioxide. A few- clinical trials 
have indicated that histamine, aminophyllme, and 
intraarterial papaverine have some merit. In oppo- 
sition to the use of these methods is the suggestion 
that vasodilators arc harmful rather than bcncGeial, 
since by lowering the systemic blood pressure the 
intracranial anastomotic flow may be reduced. 

CERVICAL SYMPATHETIC BLOCK. This procedure 
fell into discard after careful clinical studies fafled 
to confirm initial reports of beneficial effects Its 
use was based on the suggestion that widespread 
vasoconstriction is precipitated by a vascular oc- 
clusion. 

TitnoMBOLYTic AGENTS. Presently, the efficacy’ of 
various preparations of fibrinolysin and pro&bri- 
noljsin activator is being tested in cases of tran- 
sient ischemia, thrombosis-in-evolution, and the es- 
tablished stroke. 

Physical Tlierapy and nehabilitation. Beginning 
within a few days, the joints of the paralyzed limbs 
should be passively carried through a fidl range of 
movement fifty times a day, Contracture (shorten- 
ing of muscle) must be avoided, especially at the 
shoulder, elbow, and ankle. Pain, soreness, and ach- 
ing in the paral)’zed limbs may temporarily inter- 
fere with exercises. The patient can be placed in a 
chair after 2 weeks or so, depending on the severity 
of his illness. Nearly all hcmiplcgics can leani to 
walk again to some extent, usually within a 3- to 

,) 


6-month period, and this should be a primary aim 
m reliabilitation. A short or long leg brace is often 
nxjuired Speech therapy is of questionable value 
but should be tried. At least it is of value psy- 
cholo^cally. Physical therapy seems not to benefit 
patients with cerebellar ataxia. As the hemiplegic 
patient improves and if mentality is preserved, in- 
struction in the activities of daily living, using 
rarious special devices, can assist him in becoming 
at least partially independent in the home. 

General Prevenlice Measures ogoinsl Stralces and 
Vascular Disease, avotoinc situations in virjucu 
STROKES ARE LIKELY TO OCCUR. (1) Particular care 
should be taken to maintain the systemic blood 
pressure, oxy'gcnalion, and intracranial blood flow 
during surgical procedures, especially in elderly 
patients; (2) hypotensu'e agents, whether given 
iherapeuflcally or for rbagnostic procedures, should 
be administered with great care; (3) in the elderly 
patient in whom deep sleep might help to precipi- 
tate cerebral ischemia, oversedation should be 
avoided, (4) systemic hypotension, severe anemia, 
and polycythemia should be treated promptly. 

FACTORS mnen oetfrmine ultimate outcome. 
The ultimate solution of the problem of cerebro- 
vascular disease bes in more fundamental fields. 
Atlieroselerosis and hypertension must be pre- 
vented or allevmted (see Chap 246 for prophylaxis 
of atherosclerosis, and Chap. 245 for the treatment 
of hypertension). Another factor possibly of gr«t 
importance in contributing to vascular disease is 
the smoking of cigarettes; the authors advise all 
patients with cerebral atherothrombotic disease to 
stop smoking. Hypercoagulability of the blood has 
bcCT suggested as the explanation for the fact that 
some atherosclerotic patients are more disposed to 
thrombotic episodes than others. Correction of such 
an abnormality would be highly advantageous, but 
at present there is no reliable method of detecting 
inirav'ascular hypercoagulability if such a disorder 
exists. 


RECURRENT FOCAE CEREBRAL ISCHE^^A 

It has already been pointed out that, when tran- 
sient ischemic attacks precede a stroke, they stamp 
the process as thrombotic. Furthermore, neuro- 
palhologtc studies indicate that these attacks arc 
linked almost exclusively to atherosclerotic throm- 
bosis. They belong therefore under the heading of 
cerebral thrombosis, but here they are discussed 
separately because of their importance clinic.illy 
and therapeutically. Recurrent ischemic cerebral 
attadd consist of repeated transient episodes of 
focal cerebral disturbance, e.g., weakness, numb- 
1W55, dizziness, etc., and arc most common!)' en- 
countered In the days or weeks preceding tlie onset 
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of a thrombotic strode, occurring as a sort irf a 
warning that disaster threatens. In recent years 
increasing attention has been directed to these at- 
tacks, with the purpose of a\’erting tl)e threatening 
stroke by administering anticoagulant drugs or per- 
forming surgical endarterectomy at the stage of 
prodromal symptoms. There would seem to be 
little doubt that they are due to transient focal 
ischemia, and tliey might be referred to as tem- 
porary strokes which fortunately reverse them- 
selves. Corresponding to the higher incidence of 
atherosclerosis in hypertension and in the male 
population, about two-thirds of all patients with 
transient ischemic attacks are men and/or hyper- 
tensive. 

Clinical Picture. Transient ischemic attacks can 
occur by themselves, or they may precede, accom- 
pany, or follow the development of a stroke. So 
far, it has not been possible to distinguish the early 
cases destined to do well from those in which a 
full-blown stroke \vill develop. Thrombosis of vir- 
tually any cerebral or cerebellar artery, deep or 
superficial, can be associated with transient ische- 
mic attacks, e.g., common carotid, internal carotid, 
middle cerebral, anterior cerebral, ophthalmic, ver- 
tebra], basilar, posterior cerebral, the cerebellar 
arteries, and the penetrating branches to the deep 
structures of the basal ganglions and brain stem. 
If the posterior cerebral arteries are included in 
the vertebral-basilar system, ischemic episodes arc 
slightly more common in that system than in the 
carotid. 

The neurologic features of the transient episode 
indicate the territory or artery involved and are 
fragments borrowed from the stroke which often is 
approaching. In the carotid system the episodes 
commonly take the form of unilateral weakness or 
numbness of the side of the body opposite the 
lesion. The entire side may be involv^, or the 
parts in various combinations: face and bps, or lips 
and fingers, fingers alone, hand and foot, etc. Other 
manifestations include aphasia, difficulty in calcu- 
lation and other temporal-panetal-occipital disturb- 
ances (when the dominant hemisphere is in- 
volved), confusion, veering to one side, transient 
monocular blindness or blurring of vision, head- 
ache, and occasionally jerking or hvitching mimick- 
ing a focal epileptic seizure. Lack of pulsation in 
the internal carotid artery in the neck or pharynx, 
reduced pressure in the appropriate centr^ retinal 
artery, and a carotid bruit in the neck indicate 
carotid disease. 

The clinical picture in the vertebral-basilar sys- 
tem is exceedingly diverse, since so much motor 
and sensory’ traffic is susl-ained by the blood carried 
in these vessels. Occurring in the most varied com- 
binations, the following manifest.afions may be rec- 
ognized (the more common ones are italicized): 
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xsxakness of part or all of one side of the body, or 
both sides; mimhncss of part or all of one side, or 
both sides, or crossed numbness (one side of face 
and opposite limbs); dizziness, diplopia (vertical 
or horizontal); dark vision, blurred vision; tunnel 
vision; partial or complete blindness; scintillating 
scotomas; pupillary change; ptosis; paralysis of 
gaze; dysarthria; specchlessness; dysphagia, stag- 
gering gait; veering to one side; and headache. Less 
common symptoms include noise or pounding in 
the ear or in the head, head or face pain, peculiar 
head sensations, vomiting, hiccups, memory lapse, 
confused behavior, drowsiness, unconsciousness 
(rare), impaired hearing, deafness, a feeling of 
movement of a part, hemiballismus, peduncular 
hallucinosis, forced deviation of the eyes, sweating, 
and facial redness. 

It is not always easy to identify the territory 
affected. However, the occurrence of receptive or 
sensory aphasia always points to the carob’d sys- 
tem, as does monocular blindness with or without 
contralateral weahmess or numbness. The hallmarks 
of vertebral-basilar involvement are (1) bilateral 
weakness and/or numbness, i.e., a disturbance of 
the long motor or sensory tracts bilaterally, (2) 
involvement of the infranuclear portion of one or 
more cranial nerves, (3) disturbance of cerebellum 
and tegmental structures, subserving equilibrium, 
ocular mechanisms, posture, and autonomic func- 
tions. Perioral numbness is not an infrequent com- 
plaint, and the patient may not be certain whether 
it is equally bilateral, bilateral with unilateral pre- 
ponderance, or mostly unilateral witli spread 
slightly to the other side of the midline. Winding 
dizziness and diplopia are of particular importance 
in indicating a brain stem localization, and they are 
rarely if ever associated with occlusion of the ca- 
rob'd system. The most frequent complaints in our 
material were dizziness, numbness, diplopia, dys- 
arthria, staggering, hemiparesis, quadriparesis, dim 
vision, headache, pain in the head, and scintillabng 
scotomas in approximately tliat order. Unilateral 
weakness and unilateral numbness as isolated phe- 
nomena are difficult to localize, since they can 
occur in both carotid and basilar occlusion. 

The follow’ing manifestations are either very rare 
or occur not at all in ischemic attacks; unconscious- 
ness, frank convulsive movements, fecal or urinary 
incontinence, tongue-biting, and the manifestab'ons 
of temporal Jobe seizures. 

Transient ischemic attacks last a few seconds up 
to sevend hours, the most common duration being 
a few seconds up to 5 to 10 min. It is uncommon 
for recurrent discrete attacks to last more than 30 
min There may be only a few attacks or sev'era] 
hundred. Between attacks, the neurologic esamina- 
Uon may disclose no abnormalities. A stroke may 
ensue after the second episode or may be post- 
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poncd until hundreds of attJicks have occurred over 
a period of weeks or months. Not infrequently the 
attacks gradually cease and no important paral)^ 
occurs, a fact which makes any fonn of therapy 
difficult to evaluate. The attacks may all take ap- 
proximately the same pattern or they may vary 
considerably in detail, although maintaining the 
same basic pattern. For example, weakness or 
numbness may invoKc fingers and face in some 
episodes and fingers only in others, or dirzincss 
alone may occur in some attacks, while in others 
diplopia is added to the picture. In basilar artery 
disease each side of the body may be allrclcd 
alternately. All the involved parts may be affected 
simultaneously, or a definite march or spread from 
one region to another can occur in a period of 10 to 
60 sec. or even a few minutes; e g., numbness may 
spread from the band to the face, or the reverse. 
The individual attack may cease abruptly or fade 
gradually. 

Mechanism. The onset of attacks in some patients 
is clearly related to standing up after lying or sil- 
ting. In general, attacks arc likely to occur when 
the patient is up and around rather than lying 
down, but in many cases the episodes bear no rela- 
tion to position or activity. They have been encoun- 
tered in relation to exorcise, e.xertion, emotional 
outbursts of anger or |oy, and during bouts of 
coughing. Transient symptoms present on awaken- 
ing from sleep usually indicate that a stroke is in 
the offing. 

Ophtluilmoscopic observations of the retinal ves- 
sels made during episodes of tninsient monocular 
blindness show either arrest of the blood flow in 
the rctin.ll arteries and breaking up of the venous 
column to form the well-known “boxcar” pattern 
or while material temporarily blocking the rehn.il 
arteries. This indicates that in ischemic attacks a 
temporary complete or relatively complete cessa- 
tion of blood flow occurs locally, possibly with as- 
soci.ilcd microcmholism. 

The pathogenesis of transient ischemic attacks is 
still not clear. In the past they have been attrib- 
uted to cerebral vasospasm or to transient episodes 
of sjstemic arterial hypotension with resulting com- 
promise of llie intracranial circulation. Neither of 
these factors has been established. Although drop- 
ping the blood pressure to 90 or even 80 mm Hg 
by tilting the patient upright on a tilt table may 
cause clcrtToenccpbalogTOphic changes, it has not 
in the authors' experience reproduced the attacks. 
Vasodilator dnigs have been vvithout effect. There 
Is good ev idence dial the attacks are ahoh'shed by 
anticoagulant drugs, but tbe mechanism of this Is 
not known. Wliatcver their exact cause, they are 
closely related to vasculir stenosis due to athero- 
sclerosis and ihromlxisis A proper recognition of 
die transient ischemic episode is of importance. 


since the use of anticoagulant drugs may prove of 
value in warding off an oncoming stroke. 

The differential diagnosis of recurrent cerebral 
ischemic attacks raises special problems. The fol- 
lowing conditions must be differentiated: cerebral 
seizures (epileptic seizures), M^ni^rcs syndrome, 
paralytic migraine, Stokes-Adams attacks, hyper- 
sensitive carotid sinus reflex, transient global am- 
nesia, insulin reactions, complaints associated with 
anxiety and depression, akinetic falling spells of 
the aged, and recurrent cerebral embolism. 

Frank motor convulsions rarely if ever occur in 
ischemic attacks. The patient may report a feeling 
of movement, distortion, drawing. Jumping, or jerk- 
ing, but an isolated frank focal seizure has not been 
encountered. On the otlier hand, a cerebral seizure 
rarely if ever displays as its only manifestation a 
temporary paralysis of a limb or of one side of the 
body. Unconsciousness is rare in ischemic attacks, 
ami its occurrence even in only a few attacks indi- 
cates another diagnosis (seizure, Stokes-Adams at- 
tacks, etc.). Incontinence of bowel and bladder, 
tongue biting, cyanosis, and residual sleepiness or 
muscle soreness arc indicative of a seizure rather 
than an ischemic episode. In the sensory sphere, 
tJie distmction between ischemic episodes and sei- 
zures Is less clear, for numbness or scintillating 
visual phenomena ore seen in both conditions, and 
therefore in making a differentiab’on one must rely 
on the presence of associated phenomena (dizzi- 
ness, diplopia, etc.). \VTven numbness appears si- 
multaneously in face, hand, and leg. ie, when 
there Is no “march,” ischemia rather than a seizure 
is probably responsible. When a sensory marcli 
occurs, it vv ill not serve to distinguish the rivo, for 
vvhdc it is more eharacleristle of a seizure, it may 
also occur in ischemic episodes, being then very 
slow'. 

The type of dizziness associated with brain stem 
ischemia has no characteristics which allow it to be 
distinguished from that seen in itinl^re's syndrome 
or labyrinthitis. Therefore, in making a diagnosis 
one depends on the presence of associated symp- 
toms and signs. It is a simple matter to decide that 
the dizziness is of central origin when there are 
other evidences of brain stem involvement, by his- 
tory or on neurologic examination: diplopia, numb- 
ness, weakness, dysphagia, dysarthria, cerebellar 
ataxia, vertical nystagmus, persistent horizontal 
nystagmus, etc. On the other hand, the isolated 
presence of the triad — recurrent dizziness, tinnitus, 
and chronic deafness (Le., signs of both auditory 
and vestibular involvement) — is almost certain evi- 
dence of Mdnlere’s s}'ndrome. However, in tbe 
early stages the pictures at times resemble each 
other closely, and only an especially thorough 
search will reveal signs indicating that the disorder 
is due to ischemia of the brain stem. Tinnitus of a 
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constant hissing or ringing type is a rare complaint 
in brain stem vascular disease. Wicn doziness Is 
the sole symptom in an elderly person, it is often 
impossible to make an accurate diagnosis, and only 
after obseim'ng the patient for a period of time will 
the nature of the underlying disease be disclosed. 
Finally, it must be remembered that since both 
basilar artery disease and M&rifere's syndrome are 
common conditions the two may coexist. 

The visual, sensory, and motor phenomena 
which precede the headache in some cases of 
migraine bear a close resemblance to ischemic 
manifestations, but since migraine originates in 
early life, only occasionally docs its differenb'ation 
from ischemic attacks pose a problem. When 
vascular disease has its onset during the period of 
life when migraine is prevalent, the two may be 
confused until the history is carefvdly taken. Occa- 
sionally a migrainous paralytic aura returns after a 
headache-free inten.’al of 10 to 20 years. It has 
already been pointed out that headache, at times 
of great intensity, frequently accompanies cerebral 
thrombosis; therefore in the elderly person the oc- 
currence for the first time of periodic headache 
associated with scintillations or numbness should 
always suggest atherothrombosis rather than mi- 
graine. StoKcs-Adams attacks and hypmcnsUlcitij 
of the ccrofid sinus teHes cause “collapsing spells" 
witlr unconsciousness, confusion, and jerfeing, but 
almost never do they produce focal neurologic 
manifestations such as numbness, weakness, di- 
plopia, etc. Difficulty in differentiation of these 
conditions will arise only when the clinical details 
of the episode are not available, and usually a care- 
ful minute-by-minute description of the attack will 
enable the correct diagnosis to be reached. Only in 
an occasional case of basilar artery insufficiency 
Will an ischemic episode result in unconsciousness, 
usually accompanied by other symptoms such as 
weakness, numbness, blindness, or dysarthria. In 
akincJic falling spells of the aged, a rather vague 
entity, the patient falls unconscious without con- 
Noilsivc movements, color change, or alteration in 
pulse, blood pressure, or respiration. Within a few 
seconds or a minute or two consciousness Is re- 
stored. 

Occasionally ischemic attacls may be confused 
with tussive syncope, multiple sclerosis, ulnar neu- 
ropathy, carpal tunnel syndrome, overhydration 
(hyponatremia), cataplexy with narcolep^, bra- 
chial discomfort with hiatus hernia, cervical disk 
disease, severe postural hypotension, unusual sym- 
tomatology In angina pectoris, hem.angronia of 
brain stem (especially in pregnane}'), rccurrMit 
pulmonary embolism, etc. 

Cerebral emhahsm is frequently suggested as an 
explanation for recurrent cerebrovascular episodes. 
However, this seems unlikely if all the attacks arc 
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of approximately identical pattern, for successive 
emboli coming from a dislancs could not be ex- 
pected to enter tlie same arterial branch More- 
ov’cr, the invol\-cd cerebral tissue would be at least 
partially d.imaged, leaving some residual signs. 
When only a single transient episode has occurred, 
the factor of recurrence does not assist in the diag- 
nosis, and cerebral embolism must then be strongly 
considered. Single transitory episodes and multiple 
episodes of different pattern must be clearly distin- 
guished from recurrent attacks of the same pattern. 

Treahncnt. The therapy of transient ischemic at- 
tacks has already been discussed under cerebral 
tluombosis (p. 1771 ), where it was pointed out that 
anticoagulants or surgical endarterectomy usually’ 
stop the attacks and prevent indefinitely' the onset 
of a threatening stroke. In many patients the at- 
tacks cease spontaneously and therapy can be vviili- 
held if the episodes are few and spaced at long 
intervals. However, anticoagulants are indicated if 
the attacks are becoming more frequent, more 
severe, or of longer duration, or if each attack no 
longer clears away completely and a persistent neu- 
rologic deficit is accumulating. 

Other mcasuies Uiat have been recommended 
Include administration of phcnobarbital, papaver- 
ine, or nicotinic acid, inhalation of 5 per cent car- 
bon dioxide, breathing into a paper bag, and stel- 
late block or cen’feal sympathectomy, but none of 
these has pro\’ed effcctix'e under careful clinical 
testing. On several occasions the authors have been 
impressed with the salutary effect of haring the 
patient stop smoking cigarettes For the more gen- 
eral ther.apcutic measures applicable in these cases, 
seepp. 1771 and 1772. 

OTHER CAUSES OF CEREBRAL 
THROMBOSIS (Infarction) 

It xvill be seen from the list at the beginning of 
iWs chapter that there arc fexv causes of cerebral 
thrombosis other than atherosclerosis. There are 
fewer still tliat are imporrant in the stroke picture. 
In some of those included the mechanism is ische- 
mia without actual thrombosis. Venous thrombosis 
»3 a rather uncommon condition and rarely mimics 
a cerebrovascular stroke. Arising in relation to 
extracranial and intracranial sepsis, surgical opera- 
tions, parturition, and clironic rvasting illnesses par- 
ticularly in children, it can cause a relati\ely mild 
neurologic illness with raised intracranial pressure, 
headache, visual obscurations, and focal seizures, or 
on the other hand, it can lead to extensive eerebrnl 
infarction and hemorrhage, with grave neurologio 
manifestations. 

Systemic hypotension usuiilly results in uncon- 
sciousness (syncope) without focal motor and sen- 
sory signs, but in the presence of vascular narrow- 
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ing from any cause, weakness or numbness may 
bo precipitated, and if the state of ^ascuIar collapse 
persists for a sufficient length of time, local infarc- 
tion will occur distal to the point of stenosis It has 
already been mentioned that transient ischemic 
attacks and persistent strokes often devdop under 
circumstances W’hich suggest that a fall of the sys- 
temic blood pressure was the precipitating factor. 
Hypotension occurs in "simple faint," acute blood 
loss, myocardial infarction, Stokes-Adams syn- 
drome, traumatic and surgical shock, cardiac arrest 
or anesthetic accident during surgery, b)*pei$ensi* 
tivity of the carotid sinus reflex, and in the several 
tjpes of postural hypotension (idiopathic, post- 
sympathcctomy, tabetic, diabetic, wiA autonomic 
blocking agents, with reserpine (Serpasil), and on 
getting up and around after surgical operations]. 

Artcriogrophy occasionally results in cerebral in- 
farction. In some cases this is because of cerebral 
thrombosis, but the pathogenesis of other cases re- 
quires further study. Arteritis is no longer a com- 
mon cause of cerebral thrombosis, at least in North 
America, owing to the present satisfactoiy treat- 
ment of syphilis This is to be contrasted with the 
period up to 10 years ago when meningovascular 
$)phiHs had to be seriously considered in every 
sboko case; ‘'hemiplegia in the young” especially 
was strongly Indicative of syphilis Necrotizing or 
granulomatous arteritis, whether limited to the 
cerebral vessels or occurring as part of a poly- 
artentis, has usually produced a slowly progressive 
neurologic deficit and has only rarely mimicked a 
stroke. Idiopathic glant-cdl arteritis involving the 
kirge arteries arising from the aortic arch is a rare 
cause of unilateral or bilateral carotid occlusion but 
must be kept in mind. It appears to be much more 
common in young women in Japan, the aforemen- 
tioned Takayasu’s syndrome or "pulseless disease." 
Cranial arteritis or temporal arteritis is almost Bi- 
way's limited to tlie extracranial arteries cxcqit for 
the small vessels supplying tlic optic and oculo- 
motor nencs. Unfortunately, in over 50 per cent of 
cases permanent blindness or a severe impairment 
of vision results. When the process has involved 
tlie internal or common carotid arteries, it has usu- 
ally not caused a stroke (see p. 1899, Chap. 300). 

Foii/cj///icnifa, sickle-ccll disease, and thromholic 
lIiTOitibopenla are stated to be causes of cerebni] 
thrombosis, but further study of the matter is re- 
Cjuired A dissecting aortic anettrijsm may involve 
tJie large vessels arising from the arch and result 
in carotid ocdusion and hemiple^a, a concomitant 
fall m systemic blood pressure probably contribut- 
ing to the picture. Carotid occlusion may be the 
result of direct irainna to the neck, or it may be 
precipitated by a “closed head Injury.” sometimes 
of a scciningU trivial nature. Ilijpoxia usiuUy pro- 
duces a diKusc destmetion of neurones rather than 


frank infarction, but bilateral softening of the 
globus pallidus is a classical feature. Tentorial and 
subfalaal herniofion and sometimes a cerebelUr 
pressure cone can cause infarction by compression 
of the posterior cerebral, anterior cerebral, and in- 
ferioi cerebellar arteries, respectively. Under the 
rare types of infarction, it should be mentioned 
dial carotid occlusion has been described following 
lonsilfecfomy, in association with cacernous sinus 
thrombophlebitis, and the trigeminal ganglionitis of 
herpes zoster. Also, a previously transient and 
harmless migiamous aura is occasionally trans- 
formed into a persistent deficit, presumably because 
of infarction as the result of excessive ischemia 
This complication most frequently takes the form 
of a homonymous hemianopia. Finally, a. categcii)’ 
for cerebral infarction of undetermined cause is 
induded, for it must be admitted th.it in some 
cases even at neuropatliologic examination it is im- 
possible to determine the exact cause of an infarct. 

Omitted here is Binstcanger’s chronic progres- 
sive subcortical encephalitis, a rare disease of cere- 
bral while matter tentatively attributed by Bins- 
vvanger to atbtrosdeiosis. The status of the thsease 
IS uncertain at present, and further inve5tig.itIon of 
the problem is warranted before the disease can be 
accepted as a separate entity. 

CEREBRAL EMBOLISM 

In most cases of cerebral embolism, the embolic 
material consists of a fragment which has broken 
away from a thrombus within the heart. Embolism 
due to fat, tumor eeUs, or air Is a rare occurrence 
and seldom enters into the differential diagnosis of 
strokes. The embolus usually becomes arrested at a 
bifurc.vtion or other site of narrowing of the lumen. 
Ischemic infarction usually follows and is pale, red, 
or mixed, red infarctioa as pointed out earlier 
ne.-irly always indicating embolism. Any region of 
the brain may be affected, but the temtory of the 
middle cerebral artery is most frequently involved- 
The two hemispheres are approximately equally 
affected. Large embolic m.isses will block larger 
vessels (sometimes the carotids in the neck), while 
tiny fragments may reach vessels as small as 0.5 
mm, in which case the resultant infarct migJit he so 
small as almost to escape detection at autopsy. Tiic 
exact behavior of embolic material is not fully 
understood Often, it remains arrested and plugs 
the lumen solidly, but in many cases it breaks up 
into fragments which enter smaller vessels or even 
disappear completely, so that careful pathologic 
examination fails to reveal their final location. The 
anatomic diagnosis must llien be made by infer- 
ence, e.g., the absence of a vascular occlusion at 
tlie proper site to expl.iin the infarct, the absence 
ol atherosclerosis or other cause for thrombosis in 



THE NERVOUS SYSTEM 


CHAP, 284 1777 


Table SSi-S. cADscs of ctiiedbal euboltsu 
I. Cardiac origin 

A. Atrial fibrillation and other arrhythmias (uith 
rheumatic, atherosclerotic, hyjwrtcnsive, or con- 
genital heart disease) 

B. Myocardial infarction v. ith mural thrombus 

C. Acute and subacute bacterial cndocanlitls 

D. Heart disease without arrhythmia or mural 
thrombus (mitral stenosis, etc.) 

E. ComjiUcationa of cardiac surgery 

F. Nonbaetcrial thrombotic (marantic) endocardial 
vegetations 

0. Parado'cical embolism with congenital heart dis- 

//. Trichinosis 
II. Nonc.ardjae origin 

A. Atherosclerosis of aorta and carotid arteries 
(mural thrombus, atheromatous matenal) 

B. From sites of cerebral artery thrombosis (basilar, 
vertebral, middle cerebral) 

C. Thrombus in pulmonary veins 

D. Fat 

E. Tumor 

F. Air 

G. Complications of neck and thoracic surgery 
HI. Undetermined origin 


the cerebral t'cssel, a ready source of embolus, in- 
farcts in other organs such as kidney and spleen, 
the occurrence of hemorrhagic infarction, and last, 
but not least, the clinical history. 

Because of the rapidity \vith which occlusion 
develops in embolism, there is not much time for 
collateral influx to become established. Thus spar- 
ing of tcrritoiy distal to the site of occlusion is not 
so common as in thrombosis. Ho\\e\er, all the 
ischemia-modifying factors mentioned under throm- 
bosis are stiU operative and will influence the size, 
shape, and severity of the infarct. 

Brain embolism is essentially a manifestation of 
heart disease. Many kinds of heart disease can be 
associated with embolism. The commonest direct 
cause is chronic atrial fibrillation due to athero- 
sclerotic or rheumatic heart disease, the source of 
the embolus being mural thrombus deposited 
within the atrial appendage. Atrial fibrination due 
to other types of heart disease can, of course, also 
lead to embolism, e.g., hypertensive, congenital, 
thyrotoxic, syphilitic, etc. Embolism probably oc- 
curs also during paroxysmal atrial BbriHation or 
flutter, but there is need for further mact docu- 
mentation of such cases. Mural thrombus deposited 
on the damaged endocardium overlying a myo- 
cardial infarct is the second most frequent source 
of cerebral emboli. Emboli can also arise from 
atrial thrombus associated with severe mitral steno- 
sis without atrial fibnilation. Cardiac surger)', espe- 
cially valvopl.asty, may disseminate fr.igmcnts of 


thrombus or particles of a calcified valve leaflet. 
Subendocardial fibroelastosis, idiopathic myocar- 
dial liypertrophy, and cardiac tumors are rare 
causes of embolism. 

The vegetations of acute and subacute bacterial 
endocarditis, being infected, give rise to septic em- 
bolism, which results In several different pathologic 
pictures in the brain. In some cases the infarcts 
(they are usually multiple) do not differ from those 
due to bland emboli; in others, tiny septic infarcts 
develop or, as in acute bacterial endocardib's, there 
may be miliary abscesses into which a small 
amount of hemorrhage may occur (focal embolic 
encephalitis) and even meningitis. Mycotic aneu- 
rysm, now seen infrequently, is another complica- 
tion of septic embolism and may be a source of 
intracerebral or subarachnoid hemorrhage. 

Marantic or nonbacterfal endocarditis occasion- 
ally causes cerebral embolism and can produce a 
most baffling clinical picture, especially when asso- 
ciated, as it often is, with carcinomatosis. The diag- 
nosis can only be suspected in life. Paradoxic em- 
bolism can occur when an abnormal communica- 
tion exists berivecn the right and left sides of the 
heart, or when botli ventricles communicate with 
the aorta. Thus embolic matciial arising in the 
wins of the lower e.Ttremity or, indeed, anywhere 
in the systemic venous tree can bypass the pulmo- 
nary circulation and reach the cerebral vessels. 

The following sources of embohe material are 
less frequent or more difficult to pTo%’e' (1) Mural 
thrombus, deposited upon ulcerated atheroma in 
the arch of the aorta or in the carotid arteries, may 
break loose and find its way into brain arteries. Mas- 
sage of the carotid sinus, a favorite site for athero- 
sclerosis, may dislodge mural thrombus, with the 
production of a hemiplegia. This is one of the rea- 
sons why carotid massage should always be carried 
out gently. (2) Atheromatous material may be 
washed out of a large plaque in the aorta or ca- 
rotid arteries and carried distally into the branches 
of the cerebral tree. (3) The pulmonary veins are 
a source of cerebral emboli, as indicated by the 
occurrence of cerebral abscesses in association with 
pulmonaiy suppurative processes and by the high 
incidence of carcinoma of the brain secondary to 
pulmonary deposits. (4) Surgery of the neck and 
thorax can be compLcated by cerebral embolism. 
A rare type is that which follows thyroidectomy, in 
which thrombosis in the stump of the superior thy- 
roid artery extends proximally until a section of it, 
protruding into the lumen of the carotid, is carried 
avixiy into the cerebral arteries. 

Cerebral embolism must always have occurred 
when secondaiy tumor is deposited in the brain, 
and cerebral embolism roust regularly accompany 
septicemia. However, it fs rare for a mass of tumor 
cells or bacteria to be large enough to occlude a 
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ccicbral artery artd produce the picture of a stroke. 
Nevertheless tumor embolism has been reported 
secondary to cardiac myom)'aomas and occasion- 
ally uith other tumors. It must he distinguished 
from the marantic endocarditis and emhohsm 
which occasionally complicate carcinomatosis. 
Embolism in tlie course of septicemia usually 
means that a vegetative endocarditis is present 
with thrombus formation. Cerebral fat embolism is 
usu.Tjly related to trauma. As a rule the emboli aro 
minute and widely dispersed, giving rise to mul- 
tiple petechial hemorrhages in while matter; ac- 
cordingly the cLnical picture is usually not focal, 
as in a stroke. Cerebral air embolism is a rare com- 
plication of criminal abortion or of cervical and 
thoracic operations and was formerly «icountcrcd 
as a complication of pneumothorax therapy. 

Not infrerjucntly at autopsy the diagnosis of 
cerebral embolism is made with full justification 
without finding a source. The same is true of em- 
bolism elsewhere in the body. Possibly the roub'ne 
search for a llirombotic nidus is not sufBcientlv 
thorough, and small thrombi in the atnal append- 
age, the pulmonary x'cins, or the endocardium 
between the papillary muscles of the heart may be 
overlooked Nevertheless, in some cases studied 
most carefully, no source of embolic material has 
been discovered. 

Clinical Picture. Of all strokes, those due to cere- 
bral embolism develop most rapidly. ‘Xtke a boll 
from the blue," the full-blown picture evolves 
within several seconds or a minute, exemplifying 
most strikingly the temporal profile of a stroke. 
The neurologic deficit comes in a single sudden 
attack, scarcely ever in stuttering fashion. As a rule, 
there are no warning episodes whatsoever. These 
statements arc possibly too stringent, for in occa- 
sional cases the picture may take several hours to 
develop or a transient episode may precede the 
final arrival of the stroke. However, any emphasis 
on these few exceptions is entirely misleading. The 
cmbolns strikes at any time of the day or night. 
Witm the stroke develops during sleep, its exact 
mode of development vv dl not be knovvn. 

The neurologic picture will depend on the artery 
involved and where the obstruction lies. The ^- 
dromes related to each cerebrovascular territory are 
the same as those outlined under thrombosis (sec 
p. 1751). A large embolus may plug the internal 
carotid artciy or the stem of the middle cerebral 
ailcrv', producing a severe hemiplegia. Or the em- 
bolus may be smaller and pass into one of the 
branthes of the middle cerebral artery, producing 
a strikingly focal disorder: motor aphasia, a mono- 
plegia (or part thereof), a receptive type of 
nphasi.a with little or no motor paralj-sis, or a 
sensorimotor pamlvsis with little or no invxilvcmcnt 
of the siipcTScnsaiy zone. It is important to realize 
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that an embolus in its passage along an arter)' nviy 
produce a severe neurologic deficit which is only 
temporary and wljich clears up almost as quickly 
as it came, as die embolus finally passes into a 
snull branch supplying a relatively silent part of 
the hemisphere. In other words, embolism is f’oo 
of the causes of a single evanescent stroke and a 
not uncommon one. Also it can give rise to multipls 
transient attacks of differing pattern. It has already 
been pointed out tJiat rcairrent transient ischernic 
attacks of the same pattern are not likely to be 
embohe, since successive emboli would hardly 
lodge at identical sites. Embolic material entering 
the vertebral-basilar system occasionally lodges in 
tlw vertebral artery just below its union with the 
basilar, but more often it traverses die vertebral 
and also the basilar which is larger and is not held 
up until it reaches the upper bifurcation. If 
rested liere, it abruptly produces deep coma and 
total paralysis, kfore often the embolus enters one 
or other posterior cerebral artery', or bodi, and 
infarctmg the visual cortcK, causes a unilateral 
bilateral homonymous hemianopia. Embolic infaf®" 
tion of the undersurface of the cerebellum is 
tfcmely common, whereas embolic material rarfly 
enters die penetrating branches of the pons. 

The general neurologic disturbance associated 
with embolic stiokes is not significantly different 
from that seen m thrombotic cases, and the reader 
is referred to the description of the changes in c^n- 
sciousiiess, respiration, etc., on p. 1708 Again tb® 
patient may have a most devastating hemiple^* 
and yet be quite alert Headache is not uncommfl”* 

Althougli the abruptness with which the stroke 
develops and the lack of prodromal symptoms point 
strongly to embolism, it js the total clim'cal pictiJ''® 
upon which the diagnosis is based. If hemorrhag® 
IS ruled out, there remains orJy thrombosis to ^ 
excluded Tile presence of atrial fibrillation, a li‘*’ 
toiy of myocardial infarction (recent or in the prt:- 
ceding months), or the occurrence of embolism 
other regions of the body all support the diagno*'* 
of embolism. Embolism meats the most careful 
consideration in young persons in whom athei^ 
sclerosis is rather unlikely. Not infiequcntly’ tl*c 
first sign of myocardial inharction is Uie occuaencc 
of embolism; therefore, it is advisable tliat un ck^‘ 
/rocordiogram be made in all cerehToiasail‘‘^ 
strokes of uncertain origin. 

Acute and subacute bacterial endocarditis do n'jt 
usually present as a stroke due to infarction, !’'* 
diough this happens occasionally. The cardiac sigf^* 
of endocarditis, anemia, splcnomegalv, and 
a pleocytosis in the cerebrospinal fluid should poiat 
to Hie correct diagnosis 

The di.ignosfs of the other c.iuscs of ccrebf'-*' 
embolism — cardiac surgery’, neck surgery’, piilm*^ 
nary vein thromljosis, marantic endocarditis, par®' 
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doxjc embolism, tumor, fat, and air — need not be 
enlarged upon here. 

Laboratory Findings. The description under 
thrombosis (p. 176S) applies for the most part to 
embolism cnccpt in so far as hemorrhagic infarction 
and septic embolism (focal embob'c encephalitis) 
are concerned. Cerebral embolism in some 30 per 
cent of cases produces a hemorrhagic infarct, 
which in most instances does not cause the cere- 
brospinal fluid to be bloody. However, in some 
execsshcly hemorrhagic infarcts, the fluid may be 
grossly bloody and contain as high as 10,000 or 
more red cells per cu mm. In the milder cases of 
hemorrhagic infarction, a slight xanthochromia 
(grade 1 to 3 on the scale of 1 to 10) may appear 
after a few days. The possibility that an embolic 
infarct is unusually bloody underlines the danger 
of administering anticoagulants routinely in cases 
of cerebral embolism without a careful examina- 
tion of the cerebrospinal fluid. Also, it is the single 
exception to the rule tliat blood in the spinal fluid 
is unequivocal evidence that the stroke is due pri- 
marily to a hemorrhage. 

In septic embolism resulting from subacute bac- 
terial endocarditis the while blood cells in the cere- 
brospinal fluid arc increased, usually numbering up 
to 200 per cu mm and occasionally reaching several 
hundred, the proportion of l^miphocytos and poly- 
moiphonudcars varies with the acuteness of the 
septic process. There may also be several hundred 
or more red blood cells, and a faint xanthochromia 
Is often present. However, a pleocytosis is not in- 
variably seen in this condition. The protein values 
arc elevated, and the sugar content is within nor- 
mal limits. No bacteria are seen or obtained by 
culture. In acute bacterial endocarditis there may 
be either the cerebrospinal fluid formula of sub- 
acute endocarditis or a frank purulent meningitis. 

Course and Prognosis. The remarks made con- 
cerning the immediate prognosis in cerebral throm- 
bosis apply as well here. Life is threatened in 
patients who have massive cerebral swelling, in- 
adequate airway, and respiratory or urinary infec- 
tion. As a rule, all but the most aggravated cases 
survive the initial insult. Massive brain stem in- 
farction as a result of basilar embolism is almost 
always fatal. The eventual prognosis as to survival 
is detennined by the occurrence of further emboli 
and the gravity of the underlying illness — cardiac 
failure, rheumatic heart disease, myocardial infarc- 
tion, bacterial endocarditis, malignant growth, etc. 
The threat of an early recurrence of embolism is 
very real, aud it is not uncommon to have the sec- 
ond embolus strike within a few days or vveeks of 
the first. The urgency of anticoagulant therapy is 
thereby emphasized. The ccenfuol prognosis re- 
garding the neurologic deficit is not different from 
that given for cerebral thrombosis (p. 1769), The 
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fact that an embolic episode may last only minutes 
or hours before clearing up should be stressed, es- 
pecially in estimating the effect of any therapeutic 
measure. 

Treatment. The first three phases of therapy — 
(1) general medical management in the acute 
phase. (2) measures directed to restoring the cir- 
culation, and (3) rehabilitation — are much the 
same as described under cerebral thrombosis (see 
p, 1770). Attempted cmbolectomy at the bifurca- 
tion of the common carotid artery has usually failed 
but should be considered. If pidsation in tlie tem- 
poral artery in front of the ear is present, it means 
the cmlx>lus is not at that bifurcation but has 
passed up into the internal carotid system and 
cmbolectomy will probably be unsuccessful. Rarely 
cmbolectomy of the middle cerebral artery has 
been attempted. Recently, fibrinolysin therapy has 
been tried but with conflicting results. In the field 
of prophylaxis there is strong evidence that the use 
of long-term anticoagulant therapy is effective in 
the prevention of embolism in cases of atrial fibril- 
lation and myocardial infarction. After cerebral 
embolism has occurred, the question arises as to the 
necessity of delaying anticoagulant therapy for 
several days to avoid precipitating bleeding into a 
hemorrhagic infarct. It is the authors’ practice al- 
ways to perform a lumb.nr puncture first in order to 
rule out gross hemorrhage from the infarct. If the 
cerebrospinal fluid is clear, the authors proceed 
vvitli anticoagulant therapy, since there is the con- 
stant danger of another embolus breaking away 
from the heart. We have not encountered a case 
in which the use of anticoagulant drugs has seemed 
to increase the degree of hemorrhage within a 
hemorrhagic infarct, and indications are that such 
therapy is relatively safe. Rare exceptions to this 
statement may be expected. The use of anticoagu- 
lant therapy in cases of acute myocardial infarchon, 
including those judged to be in the “good risk” 
category, is advisable. In cerebral embolism associ- 
ated with subacute bacterial endocarditis, anti- 
coagulant therapy is usually held to be contrain- 
dicated because of the danger of intracranial bleed- 
ing, but this viewpoint is not well founded. Never- 
theless caution is advisable in this matter, and it is 
preferable to rely on a rapid sterilization of the 
blood stream. 

ValTOplasty and amputation of the atrial append- 
age haw substantially reduced the incidence of 
embolism in rheumatic heart disease. The need for 
special care in preventing emboli from entering the 
carotid arteries during the performance of cardiac 
valvDplasty is appreciated by all thoracic surgeons. 

INTRACRANIAL HEMORRHAGE 

Although more than a dozen causes of intra- 
cranial hemorrhage have been listed, the first hvo. 
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h\iiertensive intracerebral hemorrhage and rup* 
tured saccubr aneui^'sm, are much more important 
tlum the others and account for most of the hemor- 
rlngfs whicli gi\e rise to the clinical picttirc of a 
stroLe. Duret hemorrhages, hjpertensive encepha* 
lopalhy, and idiopathic brain purpura w-iU not 
simulate a strole and are included ordy for the sake 
of completeness. 

IlmicHenuce Intracerebral Hemorrhage 

Hypertensive intracerebral hemorrhago is the 
ordinarj’, wcll-recognhctl brain hemorrhage. Al- 
though sometimes the locls of blood pressure are 
only in tlie range of 160 to 170/90, in most cases 
they are much higher. Hj’pcrtensix-e hemorrhage 
occurs within brain tissue, and rupture of the ar- 
teries lying in the subarachnoid space Is practically 
unknown, apart from aneurysm. It is a mistake to 
think of hypertensive hemorrhage as arising from 
the large arteries at the base of the brain. The 
cslravasation which results from rupture of an 
artery forms a roughly circular or oval mass, which 
grmvs In volume as the bleeding continues. Adja- 
cent brain tissue is displaced and compressed. If 
the hemorrhage is large, midline structures arc dis- 
placed to the opposite side and vital centers are 
compromised, leading to coma and death. Rupture 
or seepage into the ventricular system usually oc- 
curs, an^ the spinal fluid becomes bloody in more 
tlian 00 per cent of cases. A hemorrhage of this 
typo almost never ruptures directly into the sub- 
arachnoid space throu^ the ccrvbral cortex, and 
the blood readies the subarachnoid spinal fluid via 
the lentricubr system. When tlie hemorrhage is 
small and placed at a distance from the xtntnclcs, 
the cerebrospinal fluid may remain dear even on 
repeated examinations. 

Extrai'asated blood undergoes a series of changes 
beginning wiUi pbagocylosis at the outer rim pro- 
ducing a brown-orange xone of licmosiderin-filled 
macrophages. The mass gradually decreases in sire, 
and after a period of some 2 to 6 months only an 
orange-stained deft is left at tlie site of the hemor- 
rhage. 

Hemonhages might be ebssified as massive, 
small, slit, and petechial. ’"Massiie" refers to huge 
hemorrhages sex era] centimeters in diameter; 
"small" to those 1 to 2 cm in diameter; "sir 
applies to a spcdal type of hypertensive hemor- 
rliagc which lies siilicortlcally at the junction of 
white and gray matter and which In the hralmg 
stage becomes narrowed to an orange sIiL 

In order of frequency, the commonest sites for 
hypertensixtr hemorrhage arc (1) the putamen and 
ailj-icvnl internal capsule (50 per cent of cases), 
(2) tliabmus, (3) cercliclbr hemisphere, (d) pons, 
and (5) various parts of the central while matter 
(fn'tilal lolie, corona radi.it.i. tic., probably exten- 


Table SSi-4- causes or iVTnxniAvrAL bemorrhage 
(locludisg Intraccrebml, Subarachnoid, Ventricubr, and 
Rarely Subdural) 

1. Ilypcrteiisive intracerebral hemorrhage 

2. Ruptured saccular ancurj’sm 

3. Ruptured anpoma 

4. Trauma including posttraumatic debyed apoplexy 

5. Hemorrhagic disotdmi leukemia, aplaalic anemia, 
thrombopenic purpura, liver disease, complication of 
anticoagulant therapy, hyperfibrinolysis. hj'poCbrin* 
ogeoctnia, tiemophlUa, Christmoa disease 

0. Undetermined cause (normal blood pressure ontl no 
angioma) 

7. Ilemorrhage into primary and secondary bndn tu- 
mors 

8. Septic embolism, mycotic aneurysm 

0. With hemorrhagic infarction, arterial or venous 
10. Hypertensive encephalopathy 
II Idiopathic brain purpura 

12. Secondary brain-stem hemorrhage 

13. With inflammatory disease of the arteries and veins 

14. Miscellaneous rare types: after vasopre*3or dnip, 
upon exertion, dunng arteriography, during paiufid 
urologic examm.*iUon. as a late complication of early- 
life carotid occlueion, complication of earotid- 
cavemous ariunovcnous CstuLi, mth anoxemix, mi- 
graine, teratomatous malformations. (Acute inclusion 
body cnccpliabtis produces xanthochromb and up fo 
2,000 red blood cells or more m the cerebrospinal 
fimd, scute necrotizing hemorrhagic encephalopathy 
may be nssocutcod niih up to 100 red blood cells m 
the cerebrctspuia] fluid; tularemia and snake veoom 
potsoiuDg may cause bloody cerebrospinal fluid.) 

sions from the putamcn). The vessel involved is 
usually D penclrating artery. The nature of the 
vascular lesion which leads to arterial rupture is 
not known, and, indeed, the site of the rupture ha* 
not often been identified. Atherosclerosis is held 
by many lo be a factor, but tliere is no proof for 
this view, and hemorrhages arc encountered in the 
absence of grossly visible atherosclerosis. Small 
aneurysmal dilatations were reported by Charcot 
and Bouchard to bo the basis for tlie rupture. Thej' 
Olay be responsible for hemorrhage in some in- 
stances. but tlieir occurrence only in arterioles and 
frequently in the cerebral cortex makes it unlikely 
that tliey explain the majority of massive cerebral 
hemorrliages. Ilyalinosis and nccrob'zfng change in 
the smaU arteries due to hypertension liaxc also 
been described ais the precursor of hemorrhage. 
Another hypothesis attributes Uic hemorrhage to a 
confluence of mxTiads of smaller dfaptxlctic hemor- 
rhages rather than a single extravasation, but thi* 
is entirely without grounds and represents a con- 
fusion of hemorrhagic infarction and massive hem- 
orrhage. 

Clinical Picture. Tfie clinical picture conform^ 
acxxiratcly to the temporal profile of a ccrchroios* 
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cular stroke, viz., it has an abrupt onset and rather 
rapid e^'olution. Tlie stroke usually evolves gradu- 
ally and steadily over an appreciable len^h of 
time, taking minutes, hours, or occasionally days 
(average of 1 to 6 hr) to reach its peak, depending 
on the speed of bleeding. Usually there are no 
recognizable \varaing or prodromal symptoms, the 
patient being stricken “out of the blue." Often the 
patient has been astonishingly well and headache, 
dizziness, and epistaxis have not occurred with 
any consistency as prodromal symptoms. There is 
no sex or age predilection except that the younger 
are usually spared. In the great majority of cases, 
the hemonhage comes on while the patient is up 
and active, and onset during sleep is a great rarity. 
Hypertension is by definition always present, and 
the elevation is maintained early in the course of 
the stroke or may even rise higher, so that die 
existence of hj'pcTtension will he easily established 
when the patient is first examined. Hypertension 
is usually of the “essential” type, but other causes 
must always be considered — renal disease, toxemia 
of pregnancy, pheQchromocytom.a, ACTH over- 
dosage, injection of excessive amounts of epineph- 
rine, and rarely, violent exertion or an intense emo- 
tional experience. Cardiomegaly is usually pres- 
ent. 

There is usually only one episode of hemorrhage, 
and tecunrence of bleeding from the same site, as 
occurs in cases of saccular aneurysm, is not en- 
countered. Once bleeding has become arrested, 
reblceding in the near future, that is, after the first 
few days, is not to be anticipated. Once blood is 
spilled into the tissues, it is removed only slowly, 
over a period of weeks and months, during which 
time symptoms and signs persist. Hence neurologic 
deficit is never transitoiy in intracerebral hemor- 
rhage, as it so often is in thrombosis and embolism 
and, for the same reason, rapid fluctuations in the 
neurologic deficit from one examination to another 
are not to be expected. 

The neurologic signs and symptoms vary xvith 
the site and size of the extravasation. The com- 
monest picture is that associated with a pttfaminal 
hemorrhage in which the adjacent internal capsule 
is implicated. The patient complains of something 
going awry within the head. In a few minutes the 
face sags on one side, speech becomes slurred or 
aphasic, the arm and leg gradually weaken, and 
die eyes tend to deviate away from the side of the 
paretic limbs. A carefully taken history often re- 
veals that these events occurred gradually over a 
period of 5 to 30 min.iThis type of evolution is vir- 
tually diagnostic of intracerebral bleeding. Gradu- 
ally the paralysis worsens, tbe affected limbs be- 
come flaccid, pinprick is not appreciated, a Babm- 
ski sign appears, speaking becomes impossible, and 
confusion gives way to stupor. In the worst cases. 
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signs of upper brain stem compression appear — 
coma, Babtnskf sign bilaterally, deep, irregular or 
intermittent respiration and dilated fixed pupils. 

Thalamic hemorrhage of moderate size also pro- 
duces a hemiplegia or hemiparesis via pressure on 
the adjacent internal capsule. The sensory deficit 
equals or outstrips the motor weakness. Dysphasia 
may be present with lesions of the dominant side 
and apractognosia on the nondominant. A homony- 
mous field defect if present usually clears in a few 
days. Thalamic hemorrhage by virtue of its exten- 
sion medially and into subthalamus causes a series 
of ocular disturbances, including paralysis of ver- 
tical ^ze, forced deviation of the eyes dowTiwaid, 
inequality of pupils, with absence of light reaction, 
skew deviab'on with the eye opposite the hemor- 
rhage being displaced downsvard and medially, 
ipsilateral ptosis and miosis, absence of conver- 
gence, an assortment of lateral gaze abnormalities 
(paresis or pseudoparesis of the sixth nerx’e), re- 
traction nystagmus, and tucking of the eyelids. 
Another unusual sign is so-called peduncular hal- 
lucinosis. Neck retraction may be prominent. Hem- 
oirhage into the nondominant thalamus is liable to 
produce mutism. 

Cerebellar hemorrhage usually develops over a 
period of several hours and loss of consciousness at 
the onset is almost unknown Repeated vomibng is 
a hallmark of cerebellar hemorrhage alone wxth 
occipital headache, vertigo, and inability to walk 
or stand. In tbe acute illness there may be little or 
no evidence of cerebellar disease and only a 
minority of cases shmv nystagmus or cerebellar 
ataxia of the limbs, although diese signs must al- 
xvays be sought for. Contralateral hemiplegia and 
facial weakness do not occur. Ocular signs are 
prominent including small pupils which continue to 
react until very late in the illness, slight inequality 
of the pupils, paralysis of conjugate lateral gaze 
to the side of the lesion, forced deviation of the 
eyes, palsy or pseudopalsy of the sixth nerve, “ocu- 
lar bobbing." blepharospasm, involuntary closure 
of one eye, skew deviation, and maintenance of 
vertical eye movements. Occasionally at the onset 
there is a quadriplegia svith preservation of con- 
sciousness or a spastic paraparesis. Plantar reflexes 
are flexor early, extensor late. Dysarthria and dj-s- 
phagia may be prominent. As the hours pass the 
patient becomes stuporous, then comatose as a 
result of brain stem compression. 

In pontine hemorrhage, consciousness is lost 
rather promptly, and death usuaUy occurs within a 
fe%v hours. There are rare exceptions, howei’er, 
where consciousness is retained, and the clinical 
manifestations indicate a lesion in the tegmentum 
of the pons, e.g., disturbances of lateral ocular 
movements, crossed scnsoiy or motor disturbances, 
small pupils, cranial nerve palsies, and bilateral 
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signs of p)Tamidal tract disease. Lateral move- 
ments, evoked by bead turning or irrigation of the 
cars svitJi ice water, are impaired. The cerebro- 
spinal fluid will be sanguineous. 

At each of these sites the hemorrhage is usually 
massive, and the pabent sur\n\es only a few hours 
or a few days, succumbing as a result of secondary 
brain stem insult. Rarely does a patient survive 
once deep stupor supers’cncs, although in some 
cases the patient may linger in an unresponsis'e 
state for a week or two. Howcs’cr, in some 30 per 
cent of cases, the hemorrhage is less Mtensive and 
survival is possible, hemorrhage into the thalamus 
csjiecJaliy tending to be somewhat smaQer than 
putamina] or cerebellar hemorrhage. 

A severe headache is considered to be a constant 
accompaniment of intracerebral hemorrhage, and 
while it is prominent in many cases and a helpful 
diagnostic point, in almost 50 per cent of our cases 
headache has been absent or insignificant. Nuciwl 
rigidity is frequently found, but again it is so often 
absent that failure to find it must by no means 
detract from the diagnosis. If the neck becomes sUB 
it utU become supple again as coma deepens. 
Vomiting occurs once or twico at the onset of 
intracerebral hemonhage, and repeated vomiting 
should always suggest a cerebellar location. Coma 
is said to be a sign of cerebral licmorrhage, and 
generally speaking it is more frequent In hemor- 
rhage than in InfarcUon, but of equal importance 
is the fact that the patient often is far from coma- 
tose and may cs'en be alert and responding accu- 
rately. This is true with grossly bloody spinal fluid, 
and thus the adage that hemorrhage into the ven- 
tricular system always precipitates coma is quite 
incorrect Only if bleeding into the ventricles Is 
massive will coma result. Cerebral seizures, usually 
focal, occur in some 10 per cent of cases of supra- 
laurSaKsd. ript- 

ci.i]ly as tlie result of a ‘"slit” hemorrhage The fundi 
often show hypertensive changes in the arteries, 
and occasionally fresh prcrctinal hemorrhages occur, 
although the latter are much more common in 
ruptured aneurysm or angioma. Grade 4 hyper- 
tension (malignant) with papilledema need by no 
means be present for cerebral hemonhage to occur. 

Many of the less precisely localized neurologic 
manifestations described under cerebral thrombosis 
arc also encountered in intr.vccrcbr3l Ivcmonhagc, 
including com.!, stupor, drowsiness, confusion, dc- 
hrinni, Chcync-Stokcs respiration, grasping and 
sucking reflexes. Incontinence of bow el and bladder, 
and unilateral and bilateral extensor rigidity. 

Alllioiigli the proper interprct-ation of tills array 
of clinical dita allows the correct diagnosis to he 
established in most cases, the examination of the 
cerebrospinal fluid for blood is the single most 


DISEASES OF ORGAN SYSTEMS 
important step in the detection of inlracraru'al 
bleeding. 

Laboratory Findings. Any urinary abnormalities 
will for the most part reflect coexisting renal dis- 
ease, although transient glucosuria has been re- 
ported to result specifically from intracranial hemor- 
rhage. TliC wliite blood cell count often rises to 
15,000 to 20,000, a higher figure than in throm- 
bosis. The sedimentation rate is elevated. In ca.’cs 
of massh'c hemorrhage, the cerebrospinal fluid is 
often under increased pressure but in almost half 
of our cases readings under 200 mm were obtain(?d 
The fluid is usually grossly bloody, although not so 
bloody as in ruptured saccular aneurysm (the 
count ranging from a few thousand cells up to one 
million). In smaller hemorrhages into central stn,‘C- 
lurcs the cerebrospinal fluid contains a lesser 
amount of blood, and in occasional cases of intra- 
cerebral hemorrhage, particularly in those of the 
"sbr type, between cortex and white matter, 
remains free of blood and clear of xantliochrorriia 
despite repeated taps In these latter cases, slight 
xanthochromia may appear after a few days to a 
week. At times the spinal fluid may appear clear 
grossly but contain some 200 to 400 red cells, ai^d 
It is then difficult to decide if this represents intia- 
cranial bleeding or a traumatic tap. These detail* 
are mentioned because they are of great Jmptf^* 
tance in the essential task of making an accurah^ 
diagnosis of the type of stroke prior to the use of 
therapeutic measures such as anticoagulant drug*, 
surgical e.xploralion, hypothermia, etc. A trauuiail^ 
bloody spinal lap greatly complicates the diagiiosU* 
problem In a bloody tap the pressure tends to be 
low', the fluid that first flows from the needle is more 
bloody than that wliich comes later (third tub® 
less bloody than the first), the fluid often dots in 
tlic test tube, and xantliochromia is eitlier absei^t 
w tA tjrliy 'Oi •pitJpmV'itni \'t> 

of scrum bilirubin admixed with the fluid. Blood/ 
fluid due to cerebral hemorrhage is often under if* 
creased pressure, there is an even admixture of 
blood in all samples, the cerebrospinal fluid wiA 
not clot, and if more than 8 to 12 hr has elapsed 
since the hemorrhage, a definite xanthochromia 
win be present in the supernatant fluid after ceP* 
trifugation, which should always be c.Trricd o^t 
if there is any question of the reliability of the tap* 
However, the presence of xanthochromia after ceO* 
trifugation may bo due to the bilirubin contained 
In the blood spilled by a traumatic top and ihcre- 
fore is not an infallible index of sub-irachnoid 
brain hemorrhage. The white blood cells of 
cerebrospinal fluid are accounted for by the nmoui^l 
<rf hemorrhage, and their ratio to red cells i* 
usually the same as in the circiilitlng blood Aft*^ 
hemolysis of red blood cells, the white cell cou<*^ 
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in the cerebrospinal fluid may be disproportionately 
increased. Sometimes after a questionably traumatic 
tap it is worth while to perform another puncture 
immediately at a higher level. 

Lumbar puncture is not completely innocuous, 
since temporal lobe or cerebellar hemiation may be 
aggravated in cases of massive supratentorial liemor- 
rhage or softening and in cerebellar hemorrhage. 
Despite this danger, tlie procedure is necessary if 
specific therapeutic measures are contemplated or 
if any doubt exists os to the diagnosis of cerebro- 
vascular disease. X-ray of the skull early in the 
stroke may show a shift of the calcified pineal 
gland to the side of the cranium opposite the 
lesion, a change not seen in infarction. The elec- 
troencephalogram does not sho\v a typical or 
diagnostic pattern, but high-voltage, slow waves 
are the commonest finding with hemorrhage into 
the cerebral hemisphere. X-ray of the chest will 
often show cardiomegaly, and after coma has 
persisted for a time, there may be pulmonary con- 
gestion and edema. 

Course and Prognosis. The immediate prognosis 
is grave, some 70 to 75 per cent of cases dying in 
1 to 30 days. Either the hemorrhage ruptures under 
pressure into the ventricular system, or temporal 
lobe hemiation and midbrain compression occur. 
Sometimes the hemorrhage appears to seep gradu- 
ally into vital centers. Gastric erosion and gastro- 
intestinal hemoirhage of neurogenic origin may 
occur at any time within the first week or two. 
^Vhen the hemorrhage is smaller, survival is pos- 
sible, and the restitution of motor function, speech, 
etc., can bo excellent, since, in contrast to infarc- 
tion, the hemorrhage has to some extent pushed 
brain tissue aside instead of destroying it. Function 
may be slow to return, because extravasafed blood 
is slow to be resorbed or removed from the tissues. 
Since rebleeding from the same site is unlikely, the 
patient may live for many years. In some instances 
of medium-sized cerebral and cerebellar hemor- 
rhages the patient survives and his condition gradu- 
ally stabilizes, but definite papilledema appears after 
several days of increased intracranial pressure (so- 
called pseudotuinorous hemorrhage). Healed scars 
impinging on the cortex are liable to be epilepto- 
genic. 

Treatment. The general medical management of 
the comatose, apoplectic patient is the same as that 
outlined under thromhosls. Measures to stem the 
hemorrhage and restore the integrity of damaged 
tissue have been relatively ineffective up to the 
present. Surgical removal of the clot in the acute 
stage, either by aspiration or evacuation, has seldom 
proved successful except in patients with a hemor- 
rhage lying near the surface and who are not 
comatose. Recently the prospect that acute cere- 
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bellar hemorrhage may be amenable to surgical 
therapy is being explored. In the smaller hemor- 
rhages that reach a subacute stage, papilledema 
may appear, and this in many instances has dictated 
surgical evacuation of the hemorrhage when the 
patient’s condition stabilized. Under these circum- 
stances the operative procedure has often been 
successful, but the prognosis in hemorrhage info the 
cerebral hemisphere is probably little altered by 
surgery although the outlook for cerebellar cases 
seems to have impioved. Attempts to halt tlie 
hemorrhage by lowering the systemic blood pres- 
sure through the use of autonomic blocking agents 
have not been effective, and in many instances the 
inadvertent occurrence of disastrously loiv levels of 
blood pressure has complicated the illness. Artificial 
hypothermia h.as been used sporadically, but there 
arc insufficient data to permit appraisal of this 
procedure. Intermittent compression of the ipsi- 
lateral carotid in the neck may be beneficial in 
acute putaminal cases. 

The onhj preventive measure is lowering the 
blood pressure in cases of essential hj'pertension by 
every possible means. If ACTH or one of the 
adrenal steroids is being given, toxicity must be 
watched for. When hypotension threatens during 
surgical procedures, injections of excessu’e amounts 
of epinephrine or ephednne must be avoided. 
Toxemia of pregnancy must be detected early. 

Roptuxtd Soceulor Aneurysm 

This is the fourth most frequent of the cerebro- 
vascular disorders after thrombosis with athero- 
sclerosis, embobsm, and hypertensive intracerebral 
hemorrhage. Saccular aneurysms take the form of 
small, thm-walled blisters protruding from the 
arteries of the circle of VViUis or tlie major branches 
arising therefrom These saccules or “berries,” as 
they have been called, are located for the most part 
at bifurcations and branchings and arc presumed 
to be the result of developmental defects in the 
media and elastica A small number of aneurysms 
have been attributed to incomplete involution of 
embryonic vessels. Owing to the local weakness, 
the intima bulges outsvard, covered by adventitia; 
the sac gradually enlarges, until finally dissolution 
of the wall and rupture occur. Saccular aneurj’sms 
vary m size from tiny nubbins 2 mm in diameter 
up to spherical masses 2 or 3 cm in diameter, 
averaging 8 to 10 mm. Aneurysms vary greatly in 
form, some being round and connected to the 
parent artery by a narrower stalk, others are broad- 
based without a stalk, and still others are narrow 
cylinders. The site of rupture is always the dome 
of the aneurysm, which may present one or more 
secondary sacculati'ons. In routine autopsies the 
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incidence of ruptured aneurysms is 1.8 per cent, 
of iinrupturcd aneurysms, 2.0 per cent. 

Saccular aneurysms are rare in childhood, es’cn 
at routine postmortem eramin.ition, and increase in 
frequency to reach their highest plateau of ind- 
dence in the age period of thirty-fii'e to sixty'-five 
years. Therefore, they are not congenitally formed 
anomalies but develop over the years on ibe basis 
of a developmental arterial defect. There is an 
increased incidence of congenital polycystic disease 
of the kidney and of coarctation of the aorta in 
association svith saccular aneurysm. Hypertension 
is more frequently present th.an in the average 
population, but aneurysms occur in persons with 
perfectly normal blood pressure. Atherosclerosis, 
although present in the v*alls of about 50 per cent 
of aneurysms, probably plays no p.ifl in their 
formation or enlargement. 

From 83 to 90 per cent of saccular aneurysms 
lie on the anterior part of the circle of WiUis. The 
four commonest sites are (1) in relation to the 
anterior communicating artery, (2) at the origin of 
the posterior communicating artery from the stem 
of the internal carotid, (3} at the Grst major bifur* 
cation of the middle cerebral artery, and (4) at 
Uic bifurcation of the internal caroUd into middle 
and anterior cerebral arteries (see Fig. 28-1-7). 
Otlier sites include the mtcraal carotid in the 
cavernous sinus, at the origin of the ophthalmic 
artery, at the junction of the posterior communicat* 
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ing artery witli the posterior corehral, at the bifur- 
cation of the basihr artery, and at tlie origins of 
tile three cerebellar arteries. In 8 per cent of cases 
there is more than one aneurysm, and tliey may be 
situated unilaterally’ or bilaterally. 

Several tj'pes of aneurysm other than saccular 
occur, e.g., mycotic, fusiform, dilTuse, and globular 
The last three are named for tlieir predominant 
morphologic aspects and consist of enlargement 
or dilatation of the entire circumference of the 
involved vessels, usually the internal carotid, verte- 
bral, or basilar arteries. Frequently showing athero- 
sclerotic deposition in tlieir walls, they are often 
referred to as arteriosclerob’c, but most likely they 
are at least partly developmental in nature. They 
press on neighboring structures or become oeduded 
by thrombosis and rupture only infrequently, usually 
after lumbar puncture. 

Clinical Picture. Prior to rupture, saccular aneu- 
rysms are usually asymptomatic and rarely cause 
even headache. Occasionally, large aneurysms im- 
mediately distal to the cavernous sinus may com- 
press the optic nerves or chiasm, third nerve, hypo- 
thalamus, or pituitary gland. In the posterior fossa, 
one or more of the cranial nerves may be com- 
pressed adjacent to the bram stem. 

\Vlien rupture occurs, blood under high pressure 
is discharged into the subarachnoid space (the 
circle of WiUjs lies in the subarachnoid space), and 
the resulting dinical events fall into one of three 
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Tic. CS-1-7. Diagram of the circle of Wlllte to shcfw the priodpal sites of saccular aneurysm. Appiovimately M 
N per cent of aneur^-sms arc on the anterior half of the drde. 
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patterns; (1) the patient may be stricken with 
an excruciating generalized headache and fall un- 
conscious almost immediately; (2) headache may 
develop as in (1), but the patient remains relatively 
lucid; (3) consciousness may be lost quickly with- 
out any preceding complaint. Con\ai]si\’e seizures 
occur at the onset of hemorrhage in about 10 per 
cent of patients. If the hemorrhage is massive, a 
fatal issue may ensue in a matter of minutes, hours, 
or a day or two, deep coma persisting in association 
with irregular respiration, attacks of extensor ri- 
gidity, and finally respiratory arrest and circulatory 
collapse. In these rapidly fatal cases, the blood has 
usually dissected intracerebrally and entered the 
ventricular system. Death occasionally occurs 
within 5 to 10 min, and ruptured aneurysm must 
be considered in the differential diagnosis of sudden 
death. 

In mild cases, consciousness, if lost, may be re- 
gained within a fmv minutes, but n residuum of 
confusion and amnesia persists for a day or two 
thereafter, accompanied by an excruciating head- 
ache and stiff neck. It is not uncommon for 
drowsiness and confusion to last 7 to 10 days or 
longer. II the hemorrhage is confined to the sub- 
arachnoid space, there are few or no lateralizing 
neurologic signs. 

In most patients there are no warning symptoms 
whatsoever; in some, however, minor leakage from 
the aneurysm sometimes precedes devastating rup- 
ture by a few days or weeks, headache being the 
chief sign of such an event. Aneurysmal rupture 
usually occurs while the patient is active rather 
than during sleep, and sexual intercourse or other 
exertion precipitates the ictus in many instances. 

Gross lateralizing signs in the form of hemiplegia, 
hemiparesis, or aphasia are absent in the majority 
of cases, but can occur and are usu.dly due to the 
presence of an intracerebral clot. In this case the 
aneurysm will have ruptured partly into the sub- 
arachnoid space and partly into brain tissue (sub- 
arachnoid-cerebral hemorrhage) even reaching the 
ventricular system (subarachnoid cerebrovenlricular 
hemorrhage), rendering the patient stuporous or 
comatose. Ibe initial neurologic deficit may clear 
in a matter of daj’s, indicating that hemorrhage into 
tissues was not responsible for the focal signs. The 
pathogenesis of the manifestations in such cases 
is not fully understood, and vasospasm produced ly 
the presence of subarachnoid blood has, without 
good evidence, been invoked as the cause. Areas of 
ischemic necrosis of tissue in the territory of the 
vessel bearing the aneurysm, usually without throm- 
bosis of the vessel, may be found postmortem. 
Transient deficits which are still more evanescent 
are by no means uncommon, and motor paralysis 
or aphasia, for example, may be present for only a 
fe^v minutes or so after the onset of bleeding, con- 
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stituting reliable telltales of ruptured ancur)’sra. 
The deficits may be due to a transitory fall in 
pressure in the circulation distal to the aneorj'smal 
perforation. 

Although in most patients the neurologic mani- 
festations do not point to the e.xact site of tlie 
aneurysm, in many instances there are clues to the 
localization. For example; (1) third nerve palsy 
(ptosis, diplopia, mydriasis, and oculomotor paraly- 
sis) usually indicates an aneurysm at the junction 
of the posterior communicating artery and the in- 
ternal carotid stem. The third nerve passes im- 
mediately lateral to this point. (2) Transient paresis 
of one or both of the lower limbs at the onset of the 
hemorrhage U suggestive of an anterior communi- 
cating sneurysm which has interfered with the 
circulation in the anterior cerebral arteries, causing 
ischemia of the motor areas for the lower extremi- 
ties. (3) Hemiparesis or aphasia often points to an 
aneurysm at the bifurcation of the middle cerebral 
artery which has critically reduced the circulation 
in the middle cerebral system. (4) UnJateral blind- 
ness or amblyopia indicates an aneurj'sm which Jjes 
anteromediaUy in the cucle of Willis (at the origin 
of the ophtlialmfc artery, at the bifurcation of the 
internal carotid artery, or in the anterior communi- 
cating region). (5) A curious state of retained 
consciousness with akinetic mutism, abulia, or ady- 
namia favors an aneurysm of the anterior com- 
municating artery which has caused ischemia of or 
hemorrhage into one or both of the frontal lobes, 
hypothalamus, or corpus callosum. (6) The side 
on which the aneurysm lies may be indicated by a 
unilateral preponderance of headache or preretinal 
hemorrhages, by the occurrence of monocular pain, 
or by the lateralization of an intracranial sound 
beard at the time of rupture of the aneurysm Sixth 
nerve palsy, unilateral or bilateral, results from the 
presence of subarachnoid blood and raised intra- 
cranial pressure and is seldom of localizing value 
Other neurologic signs which have relatively little 
localizing value include sucking and grasping re- 
flexes, thoreoathelosis, and extensor rigidity. 

In summary, the clinical sequence of sudden uio- 
lenl fxcadache, collapse, brief unconsciousness and 
cortfusion, combined with an absence of prodromal 
symptoms and a paucity of lateralizing signs is 
diagnostic of a ruptured saccular aneurysm {or 
angioma). 

Other clinical data may be of assistance in reach- 
ing a correct diagnosis. Nuchal rigidity is usually 
present Examination of the fundi not infrequently 
reveals smooth-surfaced, sharply outlined collections 
of blood which cover the retinal A’essels — die so- 
called “preretinaV' or “subhyaloid” hemorrhages. 
These are usu.illy a sign of ruptured aneurysm or 
angioma but can occur m'th Ii)pcrtensive hemor- 
rhage and in cranial trauma. Bilateral Babinski 
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signs are found in tlie early days following rupture, 
especially if there is impairment of consciousness. 
Tlie patient may appear to be normally alert; yet 
impairment of memory and confabulation may be 
present on more careful testing. A fever with die 
temperature rising to 102°F is common in the first 
iiTck A faint intracranial bniit, the mechanism of 
\ihich is not clear, may rarely be heard m ruptured 
aneurysm but is much more common in angioma 
Tlie escaping blood occasionally enters the subdural 
space and produces a subdural hematoma, evacua- 
tion of which may be lifesaving. Aneurj'smal rup- 
ture may complicate pregnancy, but pregnancy is 
not associated with an increased incidence of 
aneurysmal rupture. The association of polycystic 
kidnejs or coarctation of the aorta has been men- 
tioned Spontaneous intracranial bleeding vnth 
normal blood pressure should always suggest rup- 
tured aneurysm, ruptured angioma, or hemorrhage 
into a cerebral tumor. 

Lahoratoo’ Findings. Any urinary abnormality is 
usually due to concomitant renal disease. Rarely 
diabetes insipidus occurs. A leukocytosis of 15,000 
to 18,000 is common. The cerebrospinal fluid is 
usually extremely bloody, with red cell counts 
reaching to 1 million per cu mm or higher. \Vlicn 
tlie hemorrhage is very slight there may be only a 
few thousand cells. It Is unlikely that an aneurysm 
can rupture entirely into brain tissue without some 
leakage of blood into tlie subarachnoid fluid, and 
therefore the diagnosis of ruptured saccular aneu- 
rysm must never be made unless blood is present In 
the spinal fluid Only expanding saccular aneurysms 
winch cither compress the optic ners-es and chiasm 
or cranial nerves or he %viihiii the cavernous sinus 
produce symptoms without hemorrhage. Usually 
deep x.anthochromia is found after centrifugation 
Tlie cerebrospinal fluid is under greatly increased 
pressure, as high as 1,000 mm {see p. 1782 regard- 
ing traumatic tap). Tlie white blood cells in the 
spinal fluid are usually present in the same propor- 
tion to red blood celb as in the circulating blood, 
but within 48 hr a brisk leukocytosis appears, reach- 
ing 2,000 to 3,000 cells per cu mm in sewne patients. 

X-rays of the skull are usually negative, though 
ill a few patients one or both of the anterior chnoid 
processes has been eroded by the pressure of an 
adjacent aneur)’sm, or calcification has occurred 
in the region of a previous hemorrhage. A calcified 
pineal gland may be displaced by an intracerebral 
or subdural clot. 

Acute subarachnoid hemorrhage may be associ- 
ated wath electrocardiographic abnormalities sug- 
gestiie of mjocardial ischemia. The elcctroen- 
cepbalogram is of little help in localizing the Icsioo 
unless a gross neurologic deficit is present, in 
ivhich case the lateralization is probably already 
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evident clinically. The .abnormality usually con- 
sists of slow waves. 

Carotid and vertebral angiography, using Dio- 
drast or Hypaque, will demonstrate the aneurjsm 
in some 70 per cent of patients in which aneurjsm 
appears to be the correct diagnosis on clinical 
grounds, i e., in cases of so-called "spontaneous 
subarachnoid hemorrhage.” 

Course and Prognosis. The outstanding charac- 
teristic of this condition is the tendency' for the 
hemorrhage to recur. This threat colors all prog, 
nostications, and unfortunately there appears to he 
no way of determining reliably whicli cases w1lJ 
rcbleed. 

Patients with the typical clinical picture of spou- 
tancous subarachnoid hemorrhage but in whom the 
angiogram shows no aneurysm or angioma have 
a better prognosis than those in whom the lesion 
IS demonstrated. The cause of the inlermittcncy of 
bleeding is not understood. 

McKissock et al found that the patient’s state 
of consciousness al the time of arterio^aphy was the 
best single criterion of prognosis. Using dieir data 
as representative of any large medical center, (t 
can be shown that of every 100 patients coming 
to arteriography, 17 will be stuporous or comatose, 
and 83 will appear to be recovering from the ictus 
At the end of the next 6 months, of the first 17, 7 
will have died from tlie original hemorrhage and 7 
more wifi have had a fatal recurrence, making a 
total of 14 deaths and 3 survivors. Of tlie other 
83, one wifi have died of the original hemorrhage, 
52 wiU have had a recurrence of whom 33 wil] 
have died, making a total of 34 deaths and 4& 
survivors. Thus, of the total of 100, at the end of 8 
months, 8 wiU have died of the original hemorrhage, 
59 more will have had a recurrence with 40 deaths, 
making a total nf 48 deaths and 52 survivors. Th^ 
gravity of the illness is immediately apparent. lu 
regard to the recurrence of bleeding, of every 50 
patients seen on the first day of the illness, 5 will 
rcblced in the first week (all fatal), 8 in the 
second week (5 fatal), 6 in the third and fourth 
weeks (4 fatal), and 2 in the next 4 weeks (2 
fatal), making a total of 21 recurrences in S 
weeks (16 fatal). Benipture did not occur in tho 
first 2 days; thereafter it occurred at a steady rate 
for the next 19 days and tapered off abruptly. 

Of the survivors in the first group, all but one 
returned to work, and in the second group, 36 went 
back to full work, 12 were partly disabl^, and 4 
were totally disabled. The disability was due to 
paralysis, mental dcteriorab'on, or epilepsy. 

Treatment. General medical management in the 
acute stage is similar to that described under cere- 
bral thrombosis (p. 1770). Any specific medical 
measures are based on the assumption that de- 
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creasing the arterial blood pressure is the roost 
reasonable way of arresting the hemorrhage and 
presenting recurrence. Absolute bed rest for 4 
to 8 wceG is prescribed, with the head of the bed 
raised some 15 to 20°. Straining during bowel 
movement is forbidden, and laxatives or gentle 
enemas are administered. Coughing and all forms 
of exertion arc carefully avoided. The paUent is 
fed. The duration of the period of bed rest is 
empirical and not founded on any reliable clinical 
observations or the formation of scar tissue around 
aneuiy’sms. Sedatives (barbiturates) and analgesics 
(opiates, acetylsalicjlic acid) are important in aid- 
ing relaxation. The use of hypotensive agents has 
been wdely suggested, but no proof of their ef- 
ficacy has been presented. In the presence of severe 
hypertension, hexamclhonium, orally or by injection, 
ma)’ be caiitiousl)’ used to lo\vcr the blood pressure 
to 160/100, great care being exercised not to 
precipitate cxcessn-c hypotension and cerebral in- 
farction. Hexamethonium and chlorpromazine are 
usually not very effective in lowering the blood 
pressure of norniotcnsives confined to bed. CWof- 
promazine intramuscularly is used to control nausea 
and wmiting. Dilantin or phenobarbital Is pre- 
scribed routinely to prevent cerebral seiTutes. 

The place of repeated drainage of the cere- 
brospinal fluid by lumbar puncture is still uncer- 
tain, although several workers have concluded that 
it does not affect the outcome of the illness. At 
present, one lumbar puncture is usually carried out 
for diagnostic purposes, and thereafter it is per- 
formed only for the relief of intractable headache, 
to detect recurrence of bleeding, or to measure the 
intracranial pressure prior to surgery. 

In maintaining fluid balance, intravenous fluids 
should be used sparingly and in the proper electro- 
lyte combination (a mixture of equal parts of 5 
per cent glucose in water and normal saline solution 
or balanced electrolytes) in order to minimize the 
danger of aggravating brain swelling. Any abnor- 
mality of concentration of electrolytes in the blood 
must be corrected. Diabetes insipidus is treated 
with Pittessin. Disorders of blood coagulation should 
be amended. Vitamins C and K have been recom- 
mended, but there is no evidence that they are 
beneficial. The use of body hypothermia for 2 to 
5 days in the stage of acute hemorrhage has been 
used but remains to be scientifically evaluated. In- 
travenous hypertonic urea may be effective ii 
temporarily reducing the intracranial pressure. 

After resting in bed for 6 weelcs, the patient is 
gradually allowed to resume activity and may 
return to work in 4 months. It seems logical to 
advise that heavy labor not be resumed. 

Surgical Therapy. Apart from occasionally evacu- 
ating an associated intracerebral clot, surgical treat- 


ment is for the most part directed to the preven- 
tion of recurrence of the hemonhage. The proce- 
dures are either extracranial (ligation of the com- 
mon carotid in the neck) or tntracronfal (resection 
of the oncurj'sm, ligation of the neck of the ancu- 
ty’sra, uTappmg or tamponade of the aneurysmal 
sac by muscle, fascia, plastic coating or arterial 
graft, trapping the aneurysm, h'gation of the main 
vessel proximal to the aneuiy’sm). Occasionally ex- 
tracranial and intracranial procedures are combined 
Because of the high operativ’e mortality if surgery is 
undertaken early, operation has usually been de- 
lated until the patient’s condition has stabilized 
follom'ng the first hemorrhage. During the waiting 
period, however, the patient is liable to suffer a 
further hemorrhage, and in an effort to intervene 
before this happens neurosurgeons are now at- 
tempting to operate much earlier than formerly, 
sometimes using hypothermia and hypotension dur- 
ing surgery. Before treatment is undertaken, the 
site, size, and form of the anem^-sm must be deter- 
mined by at least bilateral carotid angiography. At 
the same time the pattern of the anterior half of 
the circle of Willis is noted, as it may influence the 
choice of operative procedure. That surgery is use- 
ful in some cases seems incontrovertible, and at 
present the indications, time, and operative meth- 
ods are being gradually deduced After aneurj'smal 
rupture a chronic obstructive or communicating 
hydrocephalus may develop causing persistent 
headache and stupor which are relieved by ven- 
tricular drainage. 

OTHER CAUSES OF INTRACRANIAL 
HEMORRHAGE 

Angioma. An angioma or hemangioma consists 
of a tangle of abnormal vessels forming an abnonnal 
communication between the arterial and venous 
systems, really an arteriovenous fistula. It is a 
developmental abnormality and not a neoplasm, 
but the constituent vessels enlarge wth growth and 
the passage of time. Angiomas vary in size from a 
small blemish a few millimeters in diameter lying 
in the cortex to a huge mass of tortuous channels 
comprising an arteriovenous shunt of sufficient 
magnitude to raise the cardiac output. Hypertrophic 
dilated arterial “feeders” approach the main lesion, 
disappear below the cortex, and break up into a 
network of thin-walled blood vessels which connect 
directly with draining veins. The latter often form 
huge, dilated, pulsating channels, canning away 
arterial blood. The blood vessels forming the tangle 
interposed beriveen arteries and veins are usually 
abnormally thin and do not have the normal struc- 
ture of arteries or veins. Angiomas occur in all parts 
of the brain, brain stem, and spinal cord, but the 
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larger ones are more fre(]ttcnUy found in the middle 
and anlcrior cerebral territories, commonly forming 
a Nvedge-shaped lesion extending from the cortex to 
Uic ventriadar lining. 

Angiomas predominate in males over females 
about 2:1. Although the lesion 1$ present from birth, 
the onset of complamts Is most common behveen 
tlic ages of ten and thirty, but occasionally It is 
(Itlay^ as late as the fifties. The chief clinical 
features arc epileptic seizures and cerebral or 
cerebral-subarachnoid hemorrhage occurring in a 
child or young adult. In 50 per cent the first mani- 
festation is a seizure, in 20 per cent an intracerebral 
bemorrliagc uith hemiplegia, and in 20 per cent a 
typical subarachnoid hcmorrliage. The seizure pat- 
tern depends on the site of the lesion; when focal 
motor in type the seizure may be followed by a 
temporary postictal paralysis. Wlien hemorrhage 
occurs, blood may enter the subarachnoid space 
almost exclusively, producing a picture identical 
will that of ruptiucd saccular aneut) $m, or since 
the angioma lies within the cerebral tissue, the 
bleeding Is liable to be partly intracerebral, causing 
hemlp.iresi8, hemiplccia, or death Before niptorc, 
chronic nondescript headache 1$ a frequent com- 

[ ilaint Occasionally typical migraine >s associated, 
>ut whether it is the result of the anpoma or a 
coincidence is not Venossm Huge angiomas may 
produce n slowly progressive neurologic deficit due 
to depletion of blood from adjacent brain tissue. 
Pfoptosii has been encountered. Ulien the vein of 
Calcn is involved, hydrocephalus may result. Not 
infrequently one or both carotid arteries pulsate 
unusually forcefully in the neck. A ^'Stolic bruit 
heard over the carotid in Uic neck, the nmsloid 
process, or the eyeballs in young adults is almost 
pathognomonic of angioma The p.ilicnl should be 
exercised In order to bring out a bruit if none is 
prcK-nt at rest. A Imilt may be heard over a spinal 
angiom.! of large size The blood pressure may be 
raised or norm-il, and it is axiomatic tliat the oc- 
currence of Intracranial bleeding uith normal blood 
pressure should lead to the suspidon of an angioma, 
niptured saccular annirysm, or hcmorrh-igc Into a 
tumor. Tlic eye grounds may reveal a tcliiul \-a$cu- 
lar abnormality, rrcretinal hemorrhages may be 
found .ifter hemonhage has occurred. X-ray of the 
ikull occasionally shosvs crescentic linear caldfica- 
tion in the virinily of kirger angiomas Ricumo- 
entx'phalography may show the picture of an ex- 
panding lesion combined s'itli cerebral atrophy, 
a tembmation typical of angiom.i. Arteriography 
IS oecesiary to establish the diagnosis with ccr- 
liinty and wall demonstrate angiomas larger than 
J 5 an rti diameter. Smill angiomas may' !>e ob- 
Kunxl by tlic resulting hemorrhage, and even at 
autopsy a careful inJcroscopIc search rnay be neces- 
nary 1(1 find them. 


Most angiomas bleed sooner or later. The fint 
hemorrl!.agc may be fatal, but in more than 90 
per cent of eases bleeding slops, and the patient 
suiMves. Recurrence of hemorrhage uith n fatal 
outcome is a constant danger. In recent years It 
has been the practice of ticurosurgcons to perform 
a block dissection of angiomas of suitable size and 
location. 

Trauma. AltJiough intracrani.il bleeding due to 
head trauma does not rightfully’ fall m'thin the 
scope of the stroke problem, it must be mentioned 
here because of the great frequency with whicli it 
enters into the differential diagnosis, especially in 
cases in whicli tlie history is inadequate or the 
patient falls and mjurcs himself at the onset of the 
stroke. Acute extradural and acute suhduwl hemor- 
f/iogc must always be considered in the patient who 
under unknown circumstances has rather abruptly 
developed a neurologic deficit such as hemiparcsis 
or confusion, whether the spinal fluid is bloody or 
not. In chronic subdural hemorrhage, which can 
o«ur without known trauma, the indefinite picture 
of drowsiness, confusion, and mild hemiparcsis may 
be erroneously ottribufed to a stroke, especially in 
elderly persons. These three conditions must be 
constantly kept in mind, since failure to make the 
correct diapiosis deprives the patient of lifesaving 
surgical inlerventicrn. There should be no hesitation 
in carrying out arteriography or placing diagnostie 
burr holes in all patients in whom subdural liemor* 
thage cannot Iw excluded on clinical grounds 
Ccfchroi confusion end facerefion may be a cause 
of $ub.nrachnoid hemorrhage, and if the patient has 
fallen and struck his head at tlie time of llie onset 
of the stroke, It m.iy bo difficult or impossible to 
decide if the red blood cells in the cerebrospinal 
fluid ore due to a ccrcbro\'asaiI.xr stroke or to 
cerebral contusion, Trauma may also caus(; acute 
or dclaijcd infrrrcerehrfll hemorrhage, acute intra- 
ccTcbcilar /lemorrhagc, acute in/rofen/orief stihchircl 
hcwMjrrhnge, acute brain stecUing, and on rare occa- 
sions, extensive focal Infarction of undetermined 
pathogenesis 

Several hemorrhagic hematologic disorders arc 
not infrequently complicated by hemorrhage into 
the brain. The most frequent of these are leukemia, 
aplastic anemia, and ibromboperuc purpura. As 0 
rule this complication signals a f.ital issue. Any part 
of the brain may be involved, and not Jnfrerjucntly 
the lesions arc multiple. Usually there Is already' 
evidence of abnormal bleeding elsewhere (skin 
mucous membranes, kidney) by the time ccrcliral 
hemonhage occurs. Intracranial bleeding is a com- 
plication of anticoagulant Uieropy. 

llcmorrhagcs of undetermined origin are of im- 
portance since both cJinically and pathologically 
brmunlagcs arc found in which the blootl pri-ssurr 
is normal and neither an aucuty sm nor angioma can 
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be demonstrated. In some postmortem cases a care- 
ful microscopic search discloses a small angioma 
in the cerebral tissue at one side of the hemor- 
rhage, and on Utis basis it is suspected that in other 
cases, loo, an overlooked angioma may have been 
the cause of the extravasation of blood. Primary 
intraventricular hemorrhage, a rare event, is at 
times due to angioma or neoplasm of Uie choroid 
plexus, which may not have been seen by the 
prosector. 

Hemorrhage into primary end secondary hrain 
tumors is not rare, and when it is the first manifesta- 
tion of the neoplasm, the correct diagnosis m.iy be 
axtremely obscure. Chorionephithclioma, melanotic 
carcinoma, renal cell carcinoma, bronchogenic car- 
cinoma, piluilarj’ adenoma, glioblastoma mnltl- 
forme, and medulloblastoma may present in this 
way. Careful iiujuiiy will usually disclose the fact 
that signs of a neurologic disorder compatible with 
intracranial tumor growth have preceded the onset 
of hemorrhage. Examination clinically and by x-ray 
may rc\‘eal evidence of intracranial tumor or of 
secondary tumor deposits in other org-ons. A chest 
film uill frequently show metastatic or primary 
neoplasm and should be performed in all cases 
of obscure intracerebral hemorrhage. 

Scptie emhoUsm may lead to massive fatal intra- 
cranial bleeding via a mycotic aneurysm. Any part 
of the circulatory tree may be involved, but usually 
the aneut)'sm lies at a branching or forking of a 
small vessel (about 0.5 mm in diameter) within 
the subarachnoid space. 

On infrequent occasions bleeding within an area 
of hemorrhagic infarction as a result of cerebral 
emboh'sm or venous thrombosis reaches major pro- 
portions, forming an intracerebral hem.itoma, and 
the cerebrospinal fluid becomes bloody. 

Hypertensive encephalopathy may in its most 
advanced stage result in intracerebral hemorrhages, 
which can vary in size from petechial to massive. 

Idiopathic brain purjuira, or hemorrhagic en- 
cephalitis, consists of multiple petechial hemor- 
rhages scattered throughout tlie white matter of 
the brain. The picture is that of a diffuse cerebral 
disease. There is nes’cr blood m the spinal fluid, 
and the condib'on should never be confused svith 
a typical stroke. 

Brain stem hemorrhages secondary to temporal 
lobe herniation are extremely common but never 
present as a cerebrovascular stroke. 

Inflammatory disease of arteries and veins, espe- 
cially polyarteritis nodosa and lupus erythematosus, 
occasionally cause hemorrhage into the nervous 
system. In polyarteritis rupture of a vessel may 
occur on the basis of a concomitant hypertension 
or local vascular disease. In lupus er^'thematosus 
— if it can be included in the arteritides — hemor- 
rhage is attributable to hypertension, agamma- 
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globulinemia, or disease of the vascular wall of 
undetermined nature. Bleeding nearly always oc- 
curs into the parenchynna rather than the sub- 
arachnoid space. 

The truer tj’pes of hemorrhage listed in the clas- 
sification are largely self-explanatory. 

HYPERTENSIVE ENCEPHALOPATHY 

This term refers to an acute syndrome in which 
severe hypertension is associated ivith headache, 
nause.!. vomiUng, convulsions, confusion, stupor, 
and coma. Focal or lateralizing neurologic signs, 
either transitory or lasting, are rare and always 
suggest some other form of vascular disease (hemor- 
rhage, embolism, atherosclerotic thrombosis). By 
the time the neurologic manifestations appear, the 
hypertension has usually reached the malignant 
stage, with retinal hemorrhages, exudates, papil- 
ledema (hypertensive retinopathy grade W), and 
evidence of renal and cardiac disease. In many but 
not all of the cases, the cerebrospinal fluid pressure 
and the protein values are both elevated, the latter 
sometimes over 100 mg per 100 ml The hyperten- 
sion may be essential or due to chronic renal dis- 
ease, acute glomerulonephritis, acute toxemia of 
pregnancy, pheochromocytoma, Cushing’s syn- 
drome, or ACTH toxicity. Lowering of the blood 
pressure with hypotensive drugs may reverse the 
picture in a day or bvo- If the hypertension cannot 
be controlled, the outcome is fatal. Neuropathologic 
examination may reveal a rather normal-looking 
brain, but usually cerebral swelling and/or hemor- 
rhages of various sizes wall be found from massive 
to petechial. Microscopically there are clusters of 
ghal cells, necrosis of arterioles, and minute cerebral 
infarcts. 

The term hypertensive encephalopathy should be 
reserved for the above syndrome and not used to 
refer to chronic recurrent headaches, dizziness, 
epileptic seizures, recurrent transient ischemic at- 
tacks. or small strokes which often occur in asso- 
ciation vvilh high blood pressure. For further 
discussion, see p. 1774. 

INFLAMMATORY DISEASES OF 
BRAIN ARTERIES 

Inflammatory diseases of the vessels of the brain 
have been mentioned on several occasions in the 
preceding paragraphs, and here lliey are revicu’ed 
and discussed briefly. 

Mcnfngoeascufar syphilis, formerly one of the 
most frequent causes of occlusive vascular disease 
in patients of all ages, has become a rarity since 
the introduction of penicillin flierapy. Neuros)philis 
is basically a chronic treponemal cerebrosptn.aI men- 
ingitis and, as in all forms of chronic meningitis, 
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tlic subarachnoid vessels Ixjcome in\olvcd In the 
inHaminalorj* process. This is the reason for calling 
s)-phihtic vascular disease of the bnin mcnlngo- 
tasailar. If the arteritis is active and s)’mplonis oE 
vascular occlusion arc of recent origin, there are 
almost invariably signs of meningitis, as evidenced 
by an increase in the cerebrospinal fluid protein 
and cells; and its sj'philitic nature is revealed by the 
positive Wassermann reaction. Sj’philis must still 
be considered os a diagnostic possibility in all 
patients who suffer a brain infarct, particularly at 
an early age. In the experience of the authors, 
however, the usual error is to assume that a stioVee 
is s)'philitic wlicn in fact some other artena] disease 
is lilt* cause. If llie cerebrospinal fluid is normal or 
“inactive," meaning that tlie cell and protein values 
are norm.al, a stroVe will nearly always prove to be 
iionsyphlhlic even when the blood Wassemunn 
ri’action is positive. Formerly s)phiUs was errone- 
ously assumed to be the cause of ccfcbml aneurisms 
or rupture of vessels w ith intracerebral or meningeal 
hemorrhage, but now tliis formulation is rarely 
entertained. 

Tuberculous mcnln^tlis, fungous meningitis, and 
the fub.icutc forms of bacterial meningitis (in- 
fluenzal bacillus, staphylococcus, pneumococcus) 
may also be accompanied by vascular disorders of 
the occlusive tjpe, in citlicr the cerebral arteries 
or veins. Occasionally in tuberculous meningitis a 
stroke may bo the first clinical sign of meningitis; 
more often it develops after the meningeal s)nnp- 
toms are well established. The diagnosis of these 
meningeal diseases is relatively simple, for the 
cerebrospinal fluid contains the essential clues. A 
trcalnicnt which suppresses the mc*nfngitis also 
controls the arteritis. Scpilc embolism nuy be a 
source of artenlis and sometimes of mycotic aneu- 
rysm formation. Tlic latter may rupture and cause 
either cerebral or subarachnoid hemonhage, but 
more often the clinical manifestations arc diosc of 
arterial occlusion. 

Tijpitus, schistosomiasis mansonf, mucormycosh, 
malufia, and tnchlnasis are rare types of hifeclivc 
Inflimmalory diseases of the arteries and. unlike 
the above, ore not secondary to incnjnge.il inlLim- 
m.vtion. The cerebrospinal fluid may be normal or 
aliriormal. In typhus and other rickettsial diseases, 
capillary and arteriolar changes and perivascular 
inflimmalory celb arc found in the brain, and 
prcsumafiiy they underlie the convulsions, naitc 
psychoses, and coma which reflect tlie central 
nervous system involvement. The internal carotid 
artery may l>c occluded in dLabctic patients during 
orbital and cavTmous sinas infections with mu- 
cornij costs. In trichinosis the sudden onset of con- 
vnilwjns, npbavi.n. hemiplegia, and cnm.i may either 
accompany nr. as happens more often, follow the 
^ systemic and muscul.ir symptoms Tlic cause of the 
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cerebral symptoms h.is not been established. Para- 
sites have been found in the brain; in one case 
known to the authors the cerebral lesions were pro- 
duced by bland emboli arising in the heart 
rebted to a severe mj’ocarditis. Malaria of itif 
malignant or falciparum variety is frequently at- 
tended by a clinical state known as “cerebral 
malaria,” in which convulsions and coma and som'^' 
times focal symptoms appear to be due to blockage 
of capillaries and precapillaries by masses of para- 
sitized red blood coqrusclcs. 

The arteritidcs of obscure origin include poly- 
arteiitis nodosa, disseminated lupus erythcmatosi‘S, 
granulomatous arteritis, giant-cell artentis, temporal 
(cranial) arteritis, and rheumatic arteritis. 

Pohjanerilis nodosa frequently involves the sm-ill 
blood vessels in the peripheral nerves, giving rise 
to a dinical picture of n multiple asymmetric sen- 
sorimotor polyneuropathy, and cerebral vessels usu- 
ally escape. If hypertension becomes severe, as it 
often docs, brain hemonhage or hypertensive ci>- 
cephaJopathy may occur. More recently a grand* 
loinatous form of polyarteritis nodosa has bera 
delineated in which the neurologic syndrome li?* 
been more “encephalitic" than “vascular,” wlflt 
headache, ataxia, confusion, convulsions, heini* 
paresis, etc. In these latter cases a moderate i<t* 
crease in white blood cells and total protein of tl'c 
cerebrospinal fluid provides further evidence thAt 
the illness is not an ordinary type of vasculitr 
disease. 

In aj/stemic lupiis en/themolostis delirium, cod* 
fusional states, convailsions, hemiplegia and aphisi3i 
and brain stem or cerebellar syndromes may K 
traced to sm.ill infarcts or hemonhages of obscuf*-' 
pathogenesis If renal hypertension develops, intrf* 
cerebral hemorrhage and hypertensive enceplialoj'^ 
athy may terminate the illness. 

Temporol arteritis (cranial artentis) is an un- 
common affliction of elderly persons in which th^ 
external carotid system, particularly the temporiil 
branches. Is the seal of a subacute granulomntoi's 
inflammation with an exudate of lymphocyte*- 
monocj’tcs. neutrophilic leukocj tes, and giant cell*- 
Usually the most severely affected parts of th^ 
artery become tliromboscd. Tliis aspect of 
disease is distressingly painful. The inflamm-itory 
nature of the illness is indicated by the occurrence 
of fever, sliglit Icukocy tosis, increased sedimcntaHon 
rate, and anemia. Occlusion of brandies of the 
ophthalmic nrter)’ results in blindness in one or iKit" 
eyes in over 50 per cent of patients, and occasionally 
on ophthalmoplegia due to involvement of ocukic 
nerves occurs. An artentis of the nort.! and 
major branches, including carotid, subclavian, cortt* 
nary*, and femoral arteries, is found at postitiortci*' 
examination. Strokes occur occasiomlly', prolMhl)’ 
due to occlusion of the cxtracr.ini.il arteries fc^ 
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significant inflammatoi^* involvement of intracranial 
arteries has rarely been demonstrated. The diagnosis 
depends on the finding of a tender thrombosed 
or thickened cranial artery and the demonstration 
of the lesion in a biopsy. Meticorten and AGTH 
bring striking subjecti\e relief, but whether or not 
they prevent blindness has not been clearly deter- 
mined. See p. 1899 for further discussion. 

Tlicrc is anotlier type of ghnt-cell arteritis which 
occurs in younger people, and although the patho- 
logic process is somewhat similar to that of tem- 
poral arteritis, the biology of the illness is entirely 
different. AU branches of the aorta, including the 
common carotid arteries, may become occluded. 
This disease, commonly referred to as “pulseless 
disease,” was described long ago in Japan (Takay- 
asu) and in Norway (Harbit 2 ). Tlie vascular pa- 
thology is not well defined, but chronic inflamma- 
tion with destruction of all coats of the vessel, 
infiltrates of lymphocytes, plasma cells, and mono- 
nuclear leukocytes, the presence of giant cells, 
and tlwombosis comprise the lesion. The cause of 
the disease is unoknovNTi. Extracranial thromboen- 
darterectomy may be helpful in treatment. See 
Chan. 28-4 and p. 1771. 

Rfieumatle arteritis is still a highly debatable 
subject. Pathologic studies have not provided con- 
vincing evidence of a primary arteritis. In many of 
the reported cases, infarction, which has been 
the usual parenchymal brain lesion, was due to 
embolism from a rheumatic endocarditis. However, 
the close relationship of lupus erj'thematosus, in 
which there is an artenal lesion, and rheumatic 
fever offers a plausible basis for a primary involve- 
ment of cerebral vessels. 

Thromboangiitis obliterans of cerebral vessels 
(Winiwarter-Buerger disease) has not been in- 
cluded in the foregoing list. Despite the large 
amount of literature on the subject, the pathology 
is so dubious that it docs not merit further exposi- 
tion. All the patients that the authors have studied 
proved to have had either atherosclerosis of the 
carotid or cerebral arteries ivith “statis thrombosis” 
of more distant cerebral branches. Buerger’s disease 
of the legs has an equally uncertain status. 

THE DIAGNOSIS OF CEREBROVASCULAR 

disease 

There are two separate aspects of the problem of 
differential diagnosis: (1) vascular disease must be 
distinguished from other neurologic illnesses, and 
(2) the different kinds of vascular diseases roust 
be separated from one another. In the following 
pages many of the important points discussed in 
the body of the chapter will be recapitulated. 

Differentiation of Vascular Disease from Other 
Neurologic Illnesses. It has already been stated 
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that the diagnosis of a vascular lesion rests solely 
on recognition of the stroke syndrome, and that 
without evidence of this the diagnosis must always 
be in doubt. Three useful criteria in the identifica- 
ti<m of the stroke have already been emphasized: 

(1) die temporal profile of the clinical syndrome, 

(2) evidence of focal brain disease, and (3) the 
clinical setting. The temporal profile can usualiy 
be defined by means of a clear history of premoni- 
tory phenomena, the mode of the onset, and the 
ev'olulion of the neurologic disturbance taken in 
relationship to the medical status at the time of 
examination. If these data are lacking, the course 
may still be determined by extending the period of 
observation for a few more days or weeks, thus 
resorting to the clinical rule that the physician’s 
best diagnostic tool is the second and third axamma- 
tion. An inadequate history is probably the most 
frequent cause of diagnostic errors. 

As stated above, the neurologic deficit in a 
cerebrovascular stroke develops relatively sud- 
denly, and later in the illness, if death does not 
occur, stabilization and some degree of recovery 
take place. There are few neurologic illnesses whose 
temporal profile mimics that of the cerebrovascular 
disorders. Tumor, infection, inflammation, degen- 
eration, and nutritional disorders are not likely to 
manifest themselves precipitously. In trauma, of 
course, a sudden insult occurs, but usually injury 
IS readily recognizable as the cause. In multiple 
sclerosis and other demyebnative diseases, abrupt 
episodes of exacerbation occur, but for the most 
part they occur in a different age group and clinical 
setting. 

Many tbrombob’e strokes are preceded by tran- 
sient ischemic episodes which, ff they are noo- 
convTilsive in nature, are almost diagnostic of 
vascular disease. Their differentiation from cerebral 
seizures, attacks of Meniere’s syndrome, and para- 
lyric migraine was discussed in the description of 
intermittent cerebral ischemia A stroke developing 
over a period of sev'eral days rather than evolving 
smoothly usually progresses in a stepwise fashion, 
increments of additional deficit being added serially 
from time to rime. A slow gradual downhill course 
over a period of 2 weeks or more indicates that 
the lesion is probably not vascular, but rather a 
tumor, abscess, granuloma, or subdural hematoma. 

In regard to the focal neurologic deficit, many 
noavascular neurologic diseases (tumor, abscess, 
etc.) produce manifestations which are not strik- 
ingly different from those resulting from vascular 
disease, and the diagnosis usually cannot rest solely 
on this aspect of the clinical picture. Nonetheless, 
certain combinations of neurologic signs which con- 
form to the neurovascular pattern, eg, the lateral 
medullary sjmdromc, are seen almost exclusively 
in occlusive vascular disease. 
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The presence of blood in the cerchrospinat fluid 
.ilwaj's points to a cerehrosasciilar lesion, provided 
that trauma and a “bloody tap" can be excluded. 
Headache is common in cerebrovascular disease, 
not only in hemonhage but also in thrombosis and 
embolism. Cerebral seiiures are almost never the 
premonitory, first, or only manifestation of a stroke 
imt can occur in the first few hours after infarction 
or intracranial bleeding Brief tincansclousnesa f5 
to 10 min) is rare in stroke cases, being seen only 
m ruptured aneurysm and basilar artery insuf- 
ficiency. The presence of certain neurologic dis- 
turbances which arc scarcely ever attributable to 
cerebrovascular disorder, e g., diabetes insipidus, 
bitemporal hemianopia, classical partansonism, gen- 
eralized myoclonus, and isolated cranial ner\-e 
palsies, may be of help in niling out \a$cular 
disease. 

Finally, the diagnosis of cerebrovascular disease 
siiould always be made on positive data, and diag- 
nosis by exclusion is to he deprecated. 

A few condillona are so i^lcn confused tvith the 
cerebrovascular diseases that thetj merit further 
consideration. \Vhen a history of trauma is absent, 
the headache, drowsiness, and mild hemipatesis 
accompanying a subdural hematoma may all loo 
ixislly be ascribed to a "slight stroke," and the pa- 
tient may [ail to receive immerliate surgical therapy. 
In classic subdural hematoma the symptoms and 
signs will usually develop gradually over a period 
of days or wcew The degree of obtundation and 
confusion will often be disproportionately great 
in comparison with the focal neurologic deficit, 
which tends to be indefinite and variable. In addi- 
tion to arteriography, pneumoencephalography, or 
operation, a subdural hematoma may be indicated 
by finding a fracture line or a displacement of the 
pineal gland m the x-ray of the sk-uU. The cerebro- 
spinal ftuid may lie lilooA-tingetl or xanthochromic 
wh«i the type of stroke under suspicion w-ould 
not be expected to show fliis. The eleclTocnccphalo- 
gram occasionally is strikingly silent over a sub- 
dural hematoma, and this may be of help. If the 

р. vtient has fallen and injured his head at the 
onset of the stroke, it m.ny be impossible to rule 
out a complicating subdural hematoma on dinica] 
grounds alone. 

The reverse diagnostic error of mistaking a 
stroke for a subdural hematoma is also often made. 
Here it is helpful to remember tliat patients wlh 
sulxlural hematoma rarely exhibit a complete hemi- 
plegia, monoplegia, hcmi.incsthcsia, homonymous 
liemianopi.n, or well-developed aphasia. If these fo- 

с. il signs are present and particularly if they devel- 
oped suddenly, subdural hcm.'itom.i is not likely to 
be the explanation. 

A brain tumor, cspeciilly a rapidly growing glio- 
loma multlforme which may produce a severe 
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hemiplegia within a week or two, can be mistaken 
for a stroke. Secondary carcinoma also may quicklj 
lead to a marked neurologic deficit. However, in 
both conditions, a detailed history w'lU show thnl 
the course was gradual; and if the symptoms pro- 
gressed in saltatory fashion, seizures will usu.vHy 
have oc-curred. A chest film will be of groat help 
in detecting a primar)’ or secondary source of 
cancer in the Jung. An increased blood sedimcnln- 
lion rate may suggest that a concealed systcrf'io 
disease process is at work. Rarely, a brain ahse'’*’ 
occurs without an evident antecedent focus of 
infection and may escape consideration in the d’f' 
ferential diagnosis, especially if the patient 
elderly. 

Senile dementia, with a progressive loss of me™* 
oiy and enfeeblement of the intellect, is oft^ 
ascribed on insufficient grounds to multiple smMl 
strokes, possibly in silent areas of the brain If 
vascular lesions arc responsible, evidence of a stroke 
will be disclosed by the history (sudden onset, 
episodic development) and by examination 
focal neurologic deficit— motor or sensory aphas'^i* 
visual field defect, etc.). The commonest cause °f 
mental deterioration in the elderly patient is A)*’ 
heimer’s disease or related degenerative processi-’b 
and in the absence of focal neurologic signs, it 
unwarranted to attribute this syndrome to cerebi^ 
vascular disease— in particular, small strokes 
silent are-is. Cerebral arteriosclerosis is another tei™ 
used too loosely as on explanation for such mental 
changes, the inference being that multiple areas o' 
focal ischemia irreparably damage me nervot^* 
system, producing loss memory but no oth^’’ 
focal neurologic signs If cerebral arteriosclero?* 
(atherosclerosis) is actually responsible, thet® 
should be evidence of it in the brain (strokes)* 
heart (myocardial infarction, angina pectoris), 0^ 
legs (intermittent claudication, loss ol pulses'). 

Chronic cerebral seizures occur as the result 
the stroke ( posfstroke seizures) in some 20 per cei't 
of cases k\’hen the seizures are infrequent or 
properly observed, or when they leave behind 
temporary increase in the neurologic deficit (Todd* 
pandysts), the diagnosis of another stroke may 
made in error. 

tear, anxieliy, and depression in patients vvli° 
have liad one small stroke may lead to addihonM 
symptoms, such ns alterations in the paresthesia*- 
headache, or disequilibrium, which suggest to th® 
patient and his physician tliat further vascul^^ 
lesions have occurred or threaten. , 

ifisccl/aitcoits conditions which occ.asionally lead 
to the suspicion of a stroke are Dell's pals)'. Stoke#' 
Adams attacks, diabetic ophthalmoplegia, acut® 
ulnar, radial, or peroneal pal-iy, embolism to ® 
lunb. and temporal arteritis associated with blind' 
ness. 
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Strokes may be tcrongly diagnosed as other neu- 
rologic illnesses. This happens under a variety of 
circumstances, but often it is due to an inadequate 
history and incomplete knowledge of the evolu- 
tion of the illness. Unfortunately some of the pa- 
tients who are subjected to pneumoencephalog- 
raphy for the diagnosis of these other condiUons 
develop ^v^despread brain infarction during Ae fall 
in blood pressure accompanying the procedure. 
In the lateral medullary syndrome, dysphagia may 
be the outstanding feature, and if the syndrome is 
not kept in mind, a fruitless surgical investigation 
may be undertaken looking for an esophageal 
neoplasm. Headache at times occurs as Ae pro- 
drome of an oncoming thrombotic stroke, and 
unless this is appreciated a diagnosis of migraine 
may be made. In the elderly patient, vertiginous 
attacks due to vascular disease of the brain stem 
may be diagnosed as labyrinthine disease or 
M^ni^re’s syndrome (see Chap. 31). Dizzy spells 
or brief lapses or intermittent loss of equilibrium 
due to cerebrovascular disease may be ascribed 
to Slokes-Adams syncope or paroxysmal tachy- 
cardia. A detailed account of the attack will usually 
serve to avert this error. A strikingly focal mono- 
plegia of cerebral origin causing only weakness of 
the fingers or foot drop is not infrequently mis- 
diagnosed as a peripheral lesion. 

The diQetentiation of vascular efiseose from other 
neurologic illnesses in (he presence of coma offers 
special problems. If the patient is comatose when 
first seen and an adequate history is not available, 
cerebrovascular lesions %vill have to be differentiated 
from all the other causes of coma described on 
p. 317. In most cases some history udll be at hand 
to assist in the series of diagnostic deductions 
described below. The cerebrovascular causes of 
coma are as follmvs: hypertensive intracerebral 
hemorrhage, ruptured saccular or mycotic aneu- 
rysm, ruptured angioma, basilar artery embolism 
or thrombosis, acute hypertensive encephalopathy 
with brain edema, extensive infarction involving 
most of one cerebral hemisphere due to occlusion 
of a major arterial trunk, bilateral occlusion of the 
internal carotid arteries, bilateral cerebral embolism, 
multiple septic emboli, and widespread cerebral 
ischemia due to systemic hypotension (shock due 
to gastrointestinal bleeding, myocardial infarction, 
ruptured aneurysm, Stokes-Adams attacks, syn- 
cope). Nearly all these forms of cerebrovascular 
coma arc accompanied by either changes hi the 
cerebrospinal fluid or focal or lateralizing neurologic 
signs, which aid in separating them from toxic 
and metabolic abnormalities (see Chap. 2S9). 

Differentiation of Thrombosis, Embolism, Hy- 
pertensive Hemorrhage, and Ruptured Saccular 
Ancinysm. Although it is difficult to lay down 
simple, hard and fast rules, usually it is possible 
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to distinguish the four conditions at the bedside. 

The most important criteria of atherosclerotic 
thrombosis are (1) a history of prodromal transient 
is^emic attacks; (2) an intermittent or stepwise 
ev'oluUon of the neurologic deficit, with recover)' 
or improvement between worsenings, rather tlian a 
steady progression; (3) relative preservation of 
consciousness unless die upper part of the basilar 
territory is infarcted; (4) clear cerebrospinal fluid 
(except in meningovascular syphilis, intracranial 
arteritis, and occasionally an idiopathic pleocytosis 
with bland infarction); (5) the occurrence of rapid 
Improvement at times; (6) onset during sleep or 
shortly after arising or during a period of hypo- 
tension; (7) certain constellations of sj-mptoms and 
signs, e-g., the lateral medullary syndrome; (8) 
evidence of atherosclerosis elsewhere, especially in 
the coronary and peripheral vessels and the aorta; 
(9) the advancing age of the patient and the pres- 
ence of disorders usually associated with athero- 
sclerosis (hypertension, diabetes mellitus, and xan- 
thomatosis); (10) headache of moderate severity 
(either as prodromal warning or accompanying the 
stroke); (11) carotid bruit in the neck, indicating 
carotid stenosis; (12) contralateral cranial bruit 
may indicate carotid occlusion of thrombotic typo, 
(13) occlusion of the internal carotid arteiy m the 
neck (atherothrombotic or posttraumatic) as deter- 
mined by palpation, auscultation, ond ophthal- 
modynamometry. 

Cerebral embolism is characterized by (1) sud- 
den development of the clinical picture witlifn a 
period of a few seconds or minutes; (2) the absence 
of prodromal transient ischemic attacks (rarely, one 
or two transitory episodes occur in the hours before 
the stroke especially if the embolus lodges in the 
carotid artery); (3) a source of embolus, usually 
in the heart, i.e., atrial fibrillation or other ar- 
rhythmia. myocardial infarction, subacute hacteri.il 
endocarditis, mitral stenosis, valvidotomy, marantic 
endocarditis associated with carcinoma; (4) evi- 
dence of recent embolism in oUier organs, i.e., 
spleen, kidney, extremities, gastrointestinal tract, 
or lungs; (5) evidence of recent iniohcmcnt of 
several regions of the brain in different cerebro- 
vascular territories; (6) clear cerebrospinal fluid 
except in those cases in which extensive bleeding 
occurs into an area of hemorrhagic infarction (most 
often in hemorrhagic infarction the cerebrospinal 
fluid is clear or at most faintly .xanfhochromic); (7) 
rapid improvement (many embolic strokes produce 
persistent deficits, but it is not uncommon for an 
extensive focal deficit to reverse itself in minutes 
or hours); (8) relative prcsers'ation of conscious- 
ness in the presence of extensive neurologic deficit, 
unless the upper part of the basilar territory is 
in\*ohx?tI or massive brain swelling has oceurred 
walh temporal lobe tentorial herniation; (9) occur- 
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rtTici* al an age when atherosclerosis is usually not 
a factor and in the absence of hj-pertension. arteri- 
tis, or infection; (10) localir-cd headache of mod- 
erate scscrity, not infrequently accompanies cere- 
lira! tmlioHsm. 

Other cfliJscs of cerebral Infarction: The diagno- 
sis of crieriils as a ciiise of infarction is jiistifiaUc 
only in the following circumstances: (1) evidence 
cf an arteritis elsewhere, (2) in young individuals 
who manifest neither hypertension nor signs of 
eardiovasailar disease, (3) in individuals with a 
meningeal infection which could affect the mcnin- 
gc.al vessels (syphilis, tuberculosis). Venous Ihrom- 
basis icith Infarction should be especially consid- 
ered wlicn focal neurologic signs develop after an 
operation or in the period following parluntion. in 
the course of meningeal Infection, ear or sinus sup- 
puration, diseases which result in cachexia, and in 
congenital heart disease, polycythemia, or sickle- 
Cell disease. 

In hypertensive cerebral hemorrhage the diagno- 
sis rests on (1) presence of hynertension; (2) 
grossly bloody spinal fluid under elevated pressure 
due to rupture of the homorrhago into tne ven- 
tricles (this is not invariable, for rarely the hemor- 
rhage does not extend to the ventricular system 
and lints does nut reach the cerebrospinal fluid), 
accurate diagnosis is diflicult in tiicse patients, (3) 
history of the gradual development of a deficit 
over a period of 10 min tip to several hours (some- 
limes the onset appears to have been abrupt). (4) 
absence of prodromal phenomena; (5) deepening 
stupor or coma (generally speaking a patient with 
an extensive paralysis will be stuporous, and a 
hemiplegic stroke which leaves the patient alert 
and the mind relatively clear proves in nearly all 
instances to bo due to an infarct); (0) onset dur- 
ing waking hours rather than In sleep; (7) severe 
headache Is often but not Invariably present; (8) 
nuchal rigidity; (9) prcrclinal hemorrhages; (10) 
3 lateral displacement of the pineal gland (evi- 
dence of a hemorrhage rather than of an infarct, 
provided tint massive brain swelling can be ex- 
chidi*d). Absence of rapid fluctuation in the clini- 
cal course and pcrsistCTiee of the neurologic defiat 
in an evanescent stroke arc never due to a hemor- 
rhage, since extravasated blood Is removed very 
slowly from the brain tissues. 

Tlic cliicf clinical features of ruptured saccular 
ancurijsm are (1) sudden onset of severe head- 
ache, (2) brief or ptolongeil loss of consciousness 
at oaset (in the most severe eases coma persists 
and tlic ivitii-nt dies watliin a few hours); (3) 
growl) bloo<l)’ spina! fluid under increased pressure 
(nipliirc of a sacaibr anctirvsm without subarach- 
noid hemorrhage rarely if ever occurs, cscqit In the 
case of aneurysms within the cavernous sinus, 
grossly bloody cerebrospinal fluid in the presence 


of a third nerve palsy indicates a niptured aneu- 
rysm at the origin of Uie posterior communicating 
artery from the internal carotid artery); (4) a 
relative absence of focal neurologic signs; (5) 
preretinal (sttbhyaloid) liemorriiages (these suggest 
niptured aneurysm or angioma, although they can 
occur in massive intracerebral hemonhage) and 
after trauma; (6) stiff neck on forw’ard bending. 
Kemig and Brtidzinski signs; (7) transient vvc.ik- 
ness, numbness, or aphasia at onset; (S) palsy of 
third nerve; (9) convulsion at onset; (JO) usually 
an absence of prodromal warnings, although then? 
may be a history of one or more premonitory 
“leaks" associated with transient headache; (11) 
onset during exertion, sexual intercourse, etc.; (12) 
absence of hy-pertension in many cases. Saccular 
aneurysm is likely to protluee a diffuse subarach- 
noid hemorrhage without causing significant dam- 
age to the cerebral hemispheres. If the cerebro- 
spinal fluid IS bloody and the patient retains men- 
tal clarity or is only mildly confused, aneurysm or 
cerebellar hemorrhage is the diagnosb of choice. 
If the aneurysm bleeds into the brain tissue (sub- 
arachnoid-cerebral hemorrhage) or into the ven- 
tncular system also (subnrachnoid-cerebroventricu- 
lar bemorthage), focal neurologic signs and coma 
ensue, as in intracerebral hemorrhage. Cerebral 
infarction associ.’itcd with ruptured aneurysm, not 
an uncommon event, is another cause for a focal 
neurologic defleit. In the latter circumstance often 
the patient will remain alert. 

^arct-ition of the aorta and polycystic disease 
of the kidneys may be present. 

Intracranial /lemorrlicge from an angioma Is a 
tenable diagnosis under the following circum- 
stances: (1) stroke in a young patient with bloody 
eetcbiospinal fluid in the absence of hypertension, 
(2) antecedent epilepsy, often with transient post- 
ictal paralysis; (3) presence of a cranial or cervi- 
cal bruit sometimes heard by the patient ns well, 
(4) repeated subarachnoid hemorrhages (some- 
times more than five); (5) calcification in the 
region of the lesion in x-ray of the skull, (6) 
latcrahzing neurologic signs are more frequent than 
with aneurysm. 

LABORATORY METHODS OF DIAGNOSIS 
A number of special laboratory tests arc of value 
In tlic diagnosis of cerebrovascular disease, but 
none of them can approach in general usefulness 
a careful history and physical examination. The 
importance of lumbar puncture has already been 
mentioned. If a fine needle is used, No. 20, and 
the jugular veins are not compresseti, there is proli- 
ably little danger in doing a "spinal tap" in most 
cases Nevertheless, the proecdiire sliould not be 
rautine; In cvciy ease a decision should I»c reached 
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at the time of the first examination as to the neces- 
sity of the procedure and as to the most appropri- 
ate time. If cerebellar or temporal lobe herniation 
is threatening, the lumbar puncture may contribute 
to a fatal issue and should be deferred unless abso- 
lutely ncecssar)’. Tins is especially so in cerebral 
hemorrhage, cerebellar hemorrhage, massix’o cere- 
bral infarction, cerebellar infarction, and hyperten- 
sive encephalopathy. In primary subarachnoid 
hemorrhage, the lumbar pimcture, although neces- 
sary for diagnosis, should not be repealed except to 
investigate the possibility of further hemorrhage or 
in order to alleviate severe headache. 

Many cases of apoplexy should have x-rays of 
tile skiill en route to a hospital bed, especially If 
there is any suspicion of trauma. The finding of 
unexpected fractures, a displaced pineal gland, or 
calciilealion in an aneurysm or vascular malfonna- 
tion will be helpful in diagnosis. X-ray of ll«e ebest 
is useful as part of the cardiac examination and 
sometimes ^vill disclose a pulmonary neoplasm or 
a dissecting aortic aneurysm. 

Blood cell counts also provide tiscful information. 
A. high hematocrit suggests that polycythemia is a 
factorj a severe anemia and greatlj' increased sedi- 
mentation rate might provide a clue to tlie exist- 
ence of subacute bacterial endocarditis and should 
lead to a blood culture. Leukemia and tbrombo- 
penia, of course, must be diagnosed from the blood 
examination. Serologic tests for syphilis should be 
doitc on tire blood and spinal fluid. In aneurysmal 
rupture there may be a transient albuminuria and 
hyperglycemia with glucosuria. flypertcnsivo hem- 
orrhage, too, can cause hypergly-cemia. 

An electrocardiogram should be obtained in all 
cases of cerebral infarction. Occasionally it will 
establish the presence of a recent, silent myocardial 
infarct or provide correlative evidence of hyper- 
tension. An electroencephalogram will be abnormal 
in most major strokes and is a useful means of fol- 
lowing tlic course of llic illness. However, its value 
in the diagnosis of cerebrovascul.ir diseases has yet 
to be dctermincil. 

Carotid arteriography is indispensable (n the 
diagnosis of aneurysms and vascular malformations. 
Some 75 to 80 per cent of such lesions witliin the 
tem'toty of the carotid arteries arc revealed by tliis 
metliod. Willi recent interest in vascular surgery 
of the carotid and vertebral systems, orteriogrop/iy 
u-ill luve to be used with increasing frequency but 
by no means should it be routine. Hetinal arterial 
pressure measurements have been of great help in 
detecting occlusion of the internal carotid artery. 

CONCLUSION 

Of all the forms of neurologic disease, those de- 
scribed in tills cliapfcr arc of the greatest impor- 


CHAp, 255 1795 

tance to the practicing physician. The assiduous 
application of clinical method and laboratory test 
wtU permit diagnosis of the type of ccrebro\'ascu- 
lar disease svith approximately 75 per cent accu- 
racy, enabling the physician to use a sensible 
therapeutic measure in many of the cases. Future 
developments, it is hoped, will impros'e both the 
accuracy of diagnosis and the effectiveness of 
Uierapy. 
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TRAUMATIC DISEASES OF THE BRAIN 
Head injury, which is the basis of some of the 
most frequent and serious neurologic disorders in 
tlicsc times of high-velocity transport and mechani- 
zation in industry, poses many problems to the 
practicing physician. To deal with them effectively 
demands a knowledge of the clinical manifestations 
as wU as a sound grasp of fundamental physio- 
logic mechanisms. Tlic physician must stand pre- 
pared at all times, for he may at any moment be 
summoned to render aid or to assess the clinical 
status of a person who has suffered an injury of the 
head or spine. The present chapter undertakes to 
review the salient facts concerning tlicse Injuries 
of the nervous system and to outline on approach 
to these problems tliat has been useful to the 
authors. 

PAyjio/ogie and ro//io/ogi'c Contuierations 
The wry language with which certain types of 
head injury’ ore tiiscussed divulges a nurnber of 
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misconceptions tliat have been inherited from pre- 
s ions generations of physicians. Words have crept 
into medical vocabular)’ and have often been re- 
tained long after the ideas for which they stood 
fuse been refuted— clear esidcnce of the disadvan- 
tage of prematurely adopting explanatory rather 
th-m descriptive terms. The «ord concussion, for 
example, implies the xiolcnt shaking and agitation 
of an organ or the functional impairment which 
results therefrom. Yet despite numerous experi- 
ments intended to demonstrate these physical 
changes within nerve cells (xibratlon effects, for- 
mation of intracellular vacuoles, etc.), no confirma- 
tion of tlieir existence has been possible. Similarly 
the word conlusion, meaning a bruising or crush- 
ing without intemiplion of physical continuity. Is 
applied rather indiscriminately to a variety of dinl- 
cal states, some of sxhich could not depend on a 
pathologic change of this type, c g., "minor contu- 
sion stale or syndrome"— an expression introduced 
by Wilfred Trotter, who was himself most critical 
of words that "embalm a fallacious theory." 

In all attempts to analyze the mechanism of 
brain dam.'igo in head injury one fact stands pre- 
eminent— that there must lie the sudden applica- 
tion of a physical force of considerable magnitude 
to the head. Unless the head is struck, the brain 
suffers no Injury— except in the rare and somewhat 
controversial cases of crush injury to tfie chest or 
explosive injury with raised intmpulmonaiy pres- 
sure, in which petechial hemorrhages arc said to 
have been found in the brain. A second fact, also 
susceptible of easy verification, is that the size of 
the area on the skull over which the force Is exerted 
IS of importance. High-velocity missiles destroy a 
small part of the skull and penetrate the cranial 
cavity without significant displacement of the hca<l 
or brain; and heavy, crushing injuries which result 
from the skull being compressed between two con- 
verging objects may crush the brain. In these two 
cirnimstancci It is interesting to note that the pa- 
tient may suffer severe and often fatal injury with- 
out immediate loss of consciousness. Hemorrhage, 
destruction of brain tissue, and if the patient sur- 
vives for a time, meningitis or abscess, arc the 
principal pathologic rfiangcs created by injuries of 
tins type. They offer little difficulty to understand- 
ing, 

The common cMUan injury is one in ichlch a 
raptclly movino blunt ohject strikes the head or the 
head Is /lung against a )uird surjaee. Injuries of this 
type, often termed blunt head infurics, are remark- 
able in two respects: (I) they almost always in- 
duce at least a temporary loss of consciousness; (2) 
even ihoush the skuU Is not penetrated and frag- 
ments of bone arc not driven into its cavity, the 
brain may suffer gross damage, ic, contusion, 
laerration, hemnrrliage, swelling, herniation, etc. 
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Clinicians as well as experimental physiologists 
have sought a theory which would bring into 
pkiusibic form all gross neuropatliologic changes, 
the skull fracture and the transient paralysis of 
nervous function (concussion) or prolonged coma, 
so often observed in fatal cases. It may be said that 
a comprehensive theory, acceptable to all workers 
in this field, has not been developed as yet. 

The relation of skull fracture to injury of the 
cerebral tissues has been viewed in changing per- 
spective through the entire history of this subject. 
In earliest times fractures dominated the thinb'ng 
of the medical profession, and cerebral lesions were 
regarded as secondary. Some of the best articles on 
the location of fractures and their relationship to 
anatomic peculiarities of the cranial bones were 
wTitlcn in the eighteenth and nineteenth centuries 
Later it became known that the skull, although 
rigid, is still flexible enough to yield to a severe 
blow without fracture. Therefore, the presence of 
a fracture, although a rough measure of the vio- 
lence to which the brain has been exposed, is not 
an infallible index; and even in fatal head injury, 
autopsy may reveal an intact skull in 20 to 30 per 
cent of cases. Also many patients suffer skull frac- 
ture Without serious disorder of cerebral futic- 
lion. 

The modern trend is to be interested more ia 
the presence or absence of brain Injury than In the 
fracture of the skull Itself. Nevertheless fractures 
cannot be dismissed without a few comments, for 
they assume importance In indicating the site and 
possible severity of brain damage, in providing an 
explanation for cranio] nerve palsies, and in afford- 
ing potential pathways for the ingress of bacteria 
and air or the egress of cerebrospinal fluid. 

The existence of a basal skull fracture may be 
indicated by signs of cranial nerve damage. Cranial 
nerves which are particularly liable to injury sre 
the olfactory, optic, oculomotor, first and second 
branches of the trigeminal, the facial, and the 
auditor)’. Anosmia and on apparent loss of taste 
(actuaUy a loss of aromatic flavors, elementary 
tastes — salt, sweet, bitter, sour — being retained) 
an? frequent sequelae of head injury, especially of 
falls on the back of the head. In the majority cf 
cases the anosmia is permanent or the patient m-ay 
have some perversion of smell (parosmia). The 
anosmia may be unllalenil and not noticed by the 
patient. Tlie mechanism of tlicsc disturbances is 
believed to be displacement of the brain and tear- 
ing of the olfactory nerve filaments. A fracture in 
or near the sella may tear the stalk of tlie pituitary 
gland, with resulting diabetes insipidus. A fracture 
of sphenoid bone may lacerate the optic nerve, 
with complete blindness from the beginning The 
pupil is dilated and unre.'iclivc to a direct light 
stiniiifus but still takes part in the consensual reflex. 
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The optic disk becomes pale, i.e., atrophic; offer 
an inter\'al of several weeks. Partial injuries may 
result in a troublesome blurring of vision. Injury to 
the eighth cranial nerve with petrosal fractures 
causes loss of hearing and/or dizziness, immedi* 
ately after injury. The deafness due to nerve injury 
must be distinguished from that caused by rupture 
of the eardrum or the presence of blood in the 
middle ear, and the vertigo, from postlraumatic 
giddiness. In oculomotor nerve injury there is a 
divergent squint, with loss of internal and vertical 
movement of the eye and a fixed, dilated pupil. 
Diplopia only on looking down suggests trochlear 
nerve affection. Direct injury of the facial nerve 
by a basal fracture may be present immediately 
after the injury or may be delayed, coming on after 
several days. This delayed form is usually transi- 
tory, and its mechanism is not known. It m.iy be 
misinterpreted as an important progression of the 
traumatic intracranial lesion. Injury to the ophthal- 
mic or maxillary divisions of the trigeminal nerve 
may be the result either of a basal fracture across 
the middle cranial fossa or of a direct extracranial 
injury to the branches of these nerves. Numbness 
and paresthesias over the area of skin supplied by 
the nerve or a troublesome neuralgia are the se- 
quelae of these injuries. 

If the skin is lacerated over the skull fracture and 
the underlying meninges arc tom, or if the fracture 
asses Uirough the posterior wall of a nasal sinus, 
acterla or air may enter the cranial cavity with 
resulting meningitis, abscess, and nerocele. Cere- 
brospinal Quid may also leak into the sinus and 
present as a watery discharge from the nose {cere- 
brospinal fluid rhinorrhea). Persistence of the rUin- 
orrh^ or the occurrence of episodes of recurrent 
meningitis (headache, convulsions, fever, and stiff 
neck with pleocytosis and sometimes bacteria) are 
often indications for a repair of the tom dura mater 
over the fissure. Depressed fractures are of signifi- 
cant only if the underlying dura is lacerated by 
spicules of bone or the brain is compressed. 

Much has been written about the mechanism of 
coma in closed or blunt head injury. Two facts 
concerning this condition stand out clearly: (1) U 
bears no relationship to skull fracture; (2) the 
optima] conditions for its production are those in 
which there is some change in the momentom of 
the head; ie., movement is suddenly imparted to 
it by a blow, or its movement is suddenly arrested. 
Striking the stationaiy head of an cxpcrimentnl 
animal will cause a loss of brain stem reflCTcs only 
if the head was free to move; not if it is clamped 
in one position (Denny-Brown and Russell). 'Ilifs 
finding alone would stand in refutation of such 
theories of concussion ns a wave of high intracra- 
nial pressure due to the indentation of the skull 
or a subsequent wave of negative pressure (Kahn, 
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Ward, and Clark), cerebral anemia (Trotter), or 
a general vibration or agitation transmitted via the 
skull. The speed of acceleration or deceleration of 
the head necessary for this concussive effect must 
exceed 28 ft per sec. The initial action of the blunt 
injury of this type is to excite the nen’ous system 
(^ "slars" that one sees with a minor injury, the 
gasp of the animal) ; and this is followed by tran- 
sient paralysis of cerebral function, ie., abolition 
of consciousness, suppression of reflexes, arrest of 
respiration, etc. The means whereby the latter 
effects ore produced is not known. The old studies 
of Fischer and AJquic show that in most head 
injuries there is displacement of tlie brain within 
the skull. The brain, being suspended in a xvater 
jacket of cerebrospinal fluid, tends not to follow 
movements of the cranium but to lag, because of 
its own inertia. The superior parts of the cerebral 
hemispheres are free to move more than tlie lower 
parts, which are attached to the relatively fixed 
brain stem. There is the possibility, then, of stretch 
or torsion on midbrain and subthalamic structures, 
and indeed temporary paralysis of the reticular 
actixTiting mechanism, which is located in these 
parts of the brain, has recently been demonstrated 
This could account for both the unconsciousness 
and suppression of reflexes and also the electroen- 
cepbalopaphic changes (relative electrical silence 
followed by slow waves). It would appear, hoiv- 
ev’er, that the cerebrum Itself does not escape dam- 
age, for Meyer and Denny-Brown have found evi- 
dence of an electrical "injury potentiar and reduc- 
Uon In oxygen uptake in the cerebral cortex. The 
changes, wnalever and wherever they may be, are 
for the most part transitory and would he expected 
to have no visible structural basis. Patliologic 
changes, such os have been desenbed in several 
published accounts of experimental concussion, are 
diflieult to evaluate. The report of diffuse degenera- 
tion of the cerebral white matter in rabbits and 
monkeys which were repeatedly struck on the lic.id 
()akob), the observ'ation of petechial hemorrhages 
in the cervical cord and medulla in the cat, dog, 
and monkey (Denny-Brown and Russell), and the 
demonstration of chromatoij’sis of large nerve cells 
in the brain stem of concussed animals (Windle et 
al.) have not been verified. It is unlikely that any 
of (hem could be the pathologic basis of the con- 
cussivc state. 

In fatal cases of severe head injury, where this 
concussivo injuiy must also have existed, the brain 
b almost ininriably brubed or lacerated, and often 
there b hemorrhage, either meningeal or intra- 
cerebral. The observation of these gross pathologic 
findings had led to the widely prevalent vieiv that 
head injuries are Lirgely matters of bruises anti 
hemorrhages and of urgent operations. That this 
can hardly be the case is suggested by the fact (hat 
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some patients sunive head injuries almost as sex'ere 
as the fatal ones and jet mahe an excellent re- 
covery. At autopsy years later old contusions 
(plaques jaunes) and hemorrhages of approxi- 
mately Uie same distnhution and extent as those 
observed in some of the immediately fatal cases 
arc found. One can only conclude, llierefore, that 
most of the immediate symptomatology of scxcre 
head injury, both general and localized, depends 
on invisible and highly reversible change in the 
brain, probably of the same nature as that which 
underlies concussion. Nevertheless these bruises, 
lacerations, hemorrhages, and localized swellings of 
tissues cannot be disregarded, because they are 
probably responsible for many of the fatalities that 
occur 12 to 72 hr or more after llie injuiy. Of these 
lesions the most important Is the surface bruising 
of the brain beneath the point of impact (coup 
injury) and the more extensive lacerations and 
contusions on the opposite side of the brain (fon- 
trecoiip injuries). The inertia of the brain, which 
causes it to he flung against the side of the skull 
that was struck and to he pulled away from the 
contralateral side, has been inv-oked to explain 
Uiese coup-contrecoup contusions. This theory has 
been further elaborated by Holbum, who points 
out that the brain is roughly spherical and that all 
mov'ements of the head describe an arc with its 
axis at the point of attachment of skull to spine. 
Sudden changes in the momentum of the head, 
tlicrcfore, induce a swirling motion to the brain, 
which may then suffer injury against all rough, 
bony prominences (wings of sphenoid bones, pet- 
rous parts of temporal bones, rough surfaces of 
orbital and frontal bones). The lacerations and 
hemorrhages are based on a similar mechanism, 
the Utter being due merely to the tearing of Utger 
vessels Also extensive infarction of the brain may 
occur wlicn cerebral arteries are compressed be- 
tween a herniating mass of brain and the dura, 
e.g , the posterior cerebral artery in temporal lobe 
herniations. An important fact from the standpoint 
of the clinician is that these contusions, hemor- 
rhages, and extensive necrotic lesions, whatever 
their mechanism may be, may occur without a 
penetrating head fnjuryj and under these circum- 
stances they and their clinical effects arc engrafted 
upon the traumatic paralysis of cerebral (unction 
which Is called conaiss/on. They arc In a sense 
epiphenomena which nonetheless may unfavorably 
tip the balance of life and death. The most com- 
pelling evidence of the correctness of this view is 
that head injury may end fatally without any visi- 
ble structural change in the nervous system. How- 
ever. in most fatal cases a signiflcant degree of 
bruising, edema, hemorrhage, and lieniialion is also 
present. 


DISEASES OF ORGAN SYSTEMS 
C//ijfcai Wan//csta/ions of Head Infunj 

The physician upon being called to see a patient 
who has had a head injury will generally find him 
in one of three clinical conditions; each, as Trotter, 
Symonds, and Rowbotham hav’e pointed out, mU^t 
be dealt with differently. It is usually possible lo 
place the patient in one of the following Ihi'ce 
categories by assessing the mental and general neu- 
rologic status when the patient is first seen and 3t 
intervals of time after the accident. 

Patients 'IVho Are Conscious or Arc Rapidly 
Ilegaming Mental Clarity When First Seen (Minor 
Head Injury). The typical example is a patient who 
was rendered unconscious by a knock on the heJd 
and then regained his senses vvidiin seconds, min- 
utes. or hours. Roughly two degrees of disturbance 
of consciousness may have occurred. First, there 
is the patient who was never unconscious at oH 
He was observed to have struck his head and was 
stunned or “saw stars.” By all criteria his heiid. 
injury was insignificant when judged in terms of 
life and death and severe brain damage, though 
in exceptional cases there is always the possibility 
of skull fracture or epidural or subdural hematoms- 
Nevertheless, a troublesome group of symploifl* 
may have developed at once or within a few dav'S 
The patient may begin to complain of headache, 
dizziness, loss of confidence in himself, imibility to 
concentrate, nervousness, poor sleep, fatigue, 
depression Tire headache is of a pressing, achirtg 
type and is characteristically worsened by ariy 
physical and mental effort, stooping, and excite* 
ment No clue Is prov’ided as to the mechanism 0* 
these sjmptoms. The possibility that they represci’t 
a traumabc or compensation neurosis is suggested 
because of the purely subjective nature of th® 
symptoms and lack of abnormal neurologic sigi*j 
and the absence of cliange in cerebrospinal flud 
or alteration of the EEG. In recent years a better 
appreciation of the constancy of this clinical syTi' 
di^e has favored the view first put forward by 
Wilfred Trotter that they are the direct physical 
effects of injury, incorrectly designated by hJi’J 
minor cerebral contusion state. The severity 
tliesc symptoms is not clearly related to the severity 
of the head injurj’. Their persistence constitutes ^ 
most vexatious therapeutic problem. 

If consciousness was temporarily abolished, the 
patient is said to have suffered a concussion, d^* 
fined by Trotter as "an essentially transient state 
due to head injury which is instantaneous In onsct» 
manifests widespread sj-raptoms of a purely panJ- 
Ijtic kind, does not as such comprise any evidence 
of structural cerebral injury and is alwaj'S followed 
by amnesia for the actual moment of the impact. 
The patient, if observed immediately after lh° 
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injuiy, shows a cotaplcte paralyses of nen'ous func- 
tion. In a few instances death has occurred at this 
time, from respiratory arrest or cardiac arrhythmia, 
and no lesion was found at postmortem c.tamina- 
tion. However, the usual sequela is for the pulse 
and respiration (if they were depressed or ar- 
rested) to return at once and for muscle tone, 
reflexes, voluntary movement, and mental clarity 
to be regained within a few minutes. Or^ly an am- 
nesia for the accident and the events that immedi- 
ately preceded (retrograde amnesia) and followed 
it (anterograde amnesia) will remain. Thereafter 
the patient may suffer the same headaches, giddi- 
ness, and nervousness described above. 

These relatively tribal head injuries may rarely 
be followed by a number of other puzzling features 
all of which indicate the occurrence of some proc- 
ess in addition to concussion: (1) Dclatjed frau- 
matic collapse: folIo^v^ng an accident a few pa- 
tients, after walking about and seeming to be men- 
tally normal, will turn pale and fall unconscious 
for a few minutes. This is a vasomotor syncopal 
attack and is probably related to injury, pain, and 
emotional upset. Rarely does the patient exhibit any 
focal or lalcralizing neurologic signs. The suggestion 
that this represents medullary edema is hardly tena- 
ble, (2) Immediate (raumalie paraplegia: with falls 
on top of the head, w hich may injure the motor areas 
for the lower extremities, both legs may become 
temporarily %veak and numb, sometimes with bi- 
lateral Babinski signs and sphinctcric incorrtincnce. 
Concussion of the ccnical segments of the spinal 
cord is another possible mechanism of this para- 
plegia. (3) Immediate hemiplegia or monoplegia: 
these conditions may develop immediately after a 
minor injury, >vith or without blood in the cere- 
brospinal fluid, and are commonly attributed to a 
relatively circumscripl injury with minimal con- 
cussion and a direct contusion or laceration of the 
underlying brain (cerebrospinal fluid is sanguine- 
ous). (4) Immediate traumatic epilepsy: a series 
of focal seizures may occur with a minor bruise 
of the cortex and may be followed by a post- 
epileptic paralysis of short duration. (5) Delayed 
hemiplegia or monoplegia: an "inter\'al'' paralysis 
in cases of minor or major injury usually signifles 
an epidural hemorrhage, a subdural hemorihage or 
hygroma, arterial thrombosis, spreading venous 
thrombosis, or intracerebral hemonhage. (6) Acute 
drowsiness, con/us/on, and headache or coma, due 
presumably to localized and generalized traumatic 
brain edema: children who have had concussion 
are especially liable to headache, drowsiness, and 
vomiting which may have its onset some hours 
after the injury. In these children infusions and 
clyses of water and 5 per cent glucose are particu- 
larly dangerous, such treatment may prove fatal. 
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owing to a water intoxication and severe brain 
swelling. Apparently an excessive output of anti- 
diuretic hormone and water retention occur under 
these circumstances. 

Patients Who Are and Have Been Unconscious 
Since the Time of the Accident (Major Head In- 
jury). The Climeal State. In this group, which 
includes the patients with the more severe head 
injuries, the outlook is obviously less favorable and 
one is concerned at first for their life. However, 
within this group there is still a wide variation in 
the severity of the traumah’c brain disease. A cer- 
tain number of patients die at once or within a fe%v 
minutes, and it may be assumed that the direct 
injuiy to the brain or some other organ was incom- 
patible w’th life. Other pab'ents in this group re- 
cover consciousness rapidly after several hours, but 
a few remain deeply comatose for days or even 
weeks. The mortality rate in those who reach a 
hospital In coma is approximately 20 per cent, and 
most of them die within the first 12 to 24 hr. Of 
those alive after 24 hr, the mortality is 7 to 8 per 
cent, and after 48 hr the figure falls to 1 per cent. 

In the patient whose prognosis is favorable, the 
coma is less deep; i.e., they are confused, stuporous, 
or semicomatose (see Chap. 34). For a time he 
may be restless and difficult to control. The reflexes 
are normal, as ore pulse, blood pressure, and respira- 
tion. He is able to swallow and may or may not 
speak. There are no obvious neurologic signs. In 
contrast, those patients whose illness will end fatally 
may be moribund from the beginning. Their coma is 
profound. The lunbs may be flaccid and without re- 
flexes. The corneal and pharyngeal (gag) reflexes are 
absent. The pupils are small and unreaetive to light, 
or dilated and fixed, or unequal. The ocular axes are 
divergent or askc^v. The laiv sags, the tongue falls 
back in die throat, saliva drools from the mouth, 
and swallowing is obviously lost. There may bo 
surgical shock at first for a brief period, with the 
usual findings of pale and moist skin, weak and 
rapid pulse, subnormal temperature, and a blood 
pressure that is difficult to obtain. Within a few 
hours, however, the temperature usually rises, and 
this may continue until death. The breathing may 
be stertorous and later feeble and irregular. The 
state of consciousness and the temperature chart 
provide information of great value in appraising 
the status of the patient. An ascending pulse rate, 
possibly interspersed by short periods in which 
there is a bounding, slow pulse, and rising tem- 
perature or a combination of fast pulse and sub- 
normal temperature, is a sign of a grave prognosis. 

In the group of patients whose outlook is less 
bleak, deep coma soon gives way to semicoma. The 
blood pressure stabilizes, and the temperature and 
pulse, having risen to 101 to 102'’F and 100 to HO 
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per min, respecti\'ely, remain at these levels. Mus- 
cular tone is regain^ in the Iwnbs, and the tendon 
reflexes are present. This is a critical period, for a 
sudden rise in temperature, cj'anosis, and increas- 
ing respiratory difficulty may result in a fatal issue. 
Once the patient regains ^ull consciousness suffi- 
ciently to respond to a spoken command, the physi- 
cian no longer needs to he concerned about sur- 
vival and may begin to think about the possibility 
of focal brain damage and prospects for recovery. 
There is still a substantial risk in the first 2 or 3 
weeks, however, from pneumonia, meningitis, or 
epidural and subdural hemorrhage., which may in- 
tervene and impair the chances of survival It is 
often said that death dunng the first 12 hr is the 
result of the direct injury of the brain-, that which 
occurs later is usually the result of some complica- 
tion of cranial trauma (intracerebral or subarach- 
noid hemoiihagc, herniation of the temporal lobe, 
localized or generalized edema, epidur^ or sub- 
dural hemorrhage, meningitis, pneumonia). 

There is another group of patients to which some 
reference must be made for they represent difficult 
problems in diagnosis and therapy. Here a known 
or evident head injury is not followed by deep and 
lasting coma, but Instead the patient is awake and 
able to respond moderately well upon arrival at the 
hospital. Yet as the hours pass it is apparent that 
his condition is detenorating, and withm a day or 
two ho lapses into coma. A sanguineous cerebro- 
spinal fluid under slightly elevated pressure attests 
to the existence of contusion. The progressive na- 
ture of the illness suggests intracerebral, epidural, 
or subdural hemorrhage; yet at postmortem exami- 
nation only contusion, localized edema (sometimes 
generalized), and temporal lobe pressure cone are 
found to be the basis of the clmioil syndrome. Tlie 
point to remember is that consciousness may return 
early, i.e., within minutes or hours, after a head 
injury severe enough seriously to contuse the brain, 
and yet may lead to death, after some few days. 

The course of clinical events in those who sur- 
vive the first 24 to 48 hr is much like that in pa- 
tients with type I injury, except that It is likely to 
be more prolonged so that one may witness all the 
varying stages of recovery. As coma lessens, the 
patient opens hiS eyes; he may pause in his restless 
activity and seem to listen to what is said He reacts 
bnsUy to painful stimuli applied to the face, pas- 
sive manipulations of the head, and pinching the 
inner surface of the arms or legs. Kfoaning and 
groaning are the first vocal activities to return, 
their absence in patients who are beginning to re- 
spond always suggests aphasia Restlessness, Irrita- 
bility, and hyperactivity may assume such propor- 
tions that the patient must be restrained. For 
example, he m.ay resist all attempts to hdp him, 
stnig^e against restraints, yell, talk incessantly and 


tvlthout sense, strike at eveiyone near the bed, etc. 
This state, sometimes called Irawmatic dcUrivtn, 
may last hours or days but eventually Is replaced 
by a more quiet confusional state. Then the patient 
speaks, unless lacking in impulse to act (abuha) 
or capacity for speech (aphasia), and is varia- 
bly able to engage in conversation. His think- 
ing processes are slow and inefficient, and his 
thoughts are likely to be incoherent. Often he can- 
not understand the purposes of his splints, band- 
ages, catheters, etc., and will remove them even 
when asked repeatedly not to do so. Movements 
and reactions to stimuli are more or less automatic, 
and if conversation is possible it is repetitious and 
often incoherent. Also, memoiy is obnously fault). 
As confusion lessens, there may be a brief period 
when mental function is nearly normal; yet b^r 
there will be little or no memory for what tran- 
spired. From a dose study of this clinical sequeiice 
it is obvious that the capacity to form, retain, and 
reproduce new experiences is one of the best tests 
of the mental status. Not until the patient readies 
the stage of continuous anterograde memory wiD 
he regard himself as fully normal. In looking back 
upon this period the patient can recall only a fmv 
ei-ents and has the impression that he was uncon- 
scious all this lime. Retrograde amnesia for the ac- 
cident and for the events which preceded it, which 
often extends over a period of minutes, hours, ot 
even days, is another Invariable accompaniment of 
severe head injury. This period of retrograde mem- 
ory defect shortens as convalescence proceeds. 

Focal and latcrabzlng neurologic symptoms and 
signs, as would be anticipated, will be obsen'cd 
wdlh notable frequency in this group of patients 
Tliese abnormalities are presumably related 
hemorrhage and contusion; and in as much as they 
are usually engrafted on a severe concussive injury, 
they become tcawifest as cowsciowswess U tegaincd. 
Local Injury to the brain without a disturbance of 
consciousness occurs exceptionally, and then more 
often with the penetration of die skull by missiles 
or a direct or glancing blow by a relatively small 
object (golf ball, stone), sometimes with depres- 
sion fractures. Of the focal symptoms, hemiparesis 
is probably the most frequent. The weakness of 
arm and leg may be evident even during coma by 
the hj-potonia, the less frequent movement of the 
limbs, inequality of tendon reflexes, and a mare 
persistent Babinski sign on one side. Complete 
hemiplegia is rarely obser\-ed. Hemihypeslhesia. 
although occasionally found, is less common, pos- 
sibly because sensory tests are difficult to interpret 
until mental clarity is regained. Homonymous hem- 
ianopla is not at all infrequent and may present 
early as an inattentiveness to visual stimidi on one 
side. Aphasia, usually of mixed type, may ^ 
noted in a number of the eases. A series of fooal 
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seizures may occur within a few days of the time 
of injury and, as said before, are probably due to 
cortical contusion. They usually cease after a few 
days and do not necessarily signify that epilepsy 
is to be a sequel to the trauma. Diabetes insipidus, 
disturbances of sleep (reversal of rhythm, somno- 
lence, later narcolepsy), diplopia, heteronymous 
visual field defects, gastrointestinal hemorrhage, 
amenorrhea, and impotence in the male indicate 
damage to the hypothalamus and walls of the third 
ventricle. Midbrain or diffuse cerebral lesions are 
ewdenced by ocular palsies, protracted coma 
(weeks, months, or years), decerebrate rigidity, 
crossed ocular-limb paralyses, bilateral Babinski 
signs, and later dysarthria, ataxia of limbs on one 
side, and sensory disturbances. 

Laboratory Findings. In this group of patients 
svilb severe head injury there is a high incidence 
of skull fracture. The cerebrospinal fluid is usually 
sanguineous (red blood cells usually 100,000 pet 
cu mm or less) and under elevated pressure (be- 
tween 200 and 300 mm) in the majority of patients. 
The prognosis is distinctly less good in those with 
more than 100,000 red cells per cu mm and pres- 
sures in excess of 30Q mm. Nevertheless death may 
occur in patients who have no skull fracture, a sub- 
normal intracranial pressure, and relati\-ely clear 
cerebrospinal fluid. The electroencephalogram reg- 
ularly shows focal and diffuse abnortnalities. 

SeuropalJiohgic finding*. In patients who die 
during llie first few hours or days after a severe 
head injury, hemorrhage and necrosis of tissue rvill 
frequently be observed. In 50 consecutive autopsies 
summarized in Rowbolham's excellent monograph, 
only two showed no macroscopic change. lacera- 
tions of cerebral cortex (28 per cent), surface con- 
tusions (48 per cent), subarachnoid hemorrhage 
(72 per cent), acute subdural hemorrhage (18 per 
cent), extradural hemonhage (20 per cent) were 
the usual findings. As a rule, several of these patho- 
logic changes were found in the same case. SkuU 
fractures were discovered in 72 per cent. With such 
striking gross lesions there is a great temptation to 
assume that they account for the deep coma and 
the other general neurologic findings, though, as 
already pointed out, this assumption may be er- 
roneous. The basis of at least part of the general 
symptoms (coma, stupor, delirium, confusion) is 
usually the initial concussion itself, which is nearly 
always of greater magnitude than that seen in 
cases of the first group. Recovery from hemiplegia, 
aphasia, etc., must indicate some reversible process 
near the contusions and hemorrhages (localized 
cerebral edema?). This use of the term conaissiort 
to refer to a prolonged instead of transient (usually 
defined as less than 5 min) traumaticaliy induced 
loss of consciousness has been criticized by many 
physicians. Nevertheless, there is no reason to 
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lieve that the same forces which cause a brief cere- 
hral disorder could not, when acting more forcibly, 
cause a more protracted one. This is not to deny, 
of course, that expanding clots, cerebral hernia- 
tions, midbrain hemorrhages, and high intracranial 
pressure, so frequent in this group, are responsible 
for the most prolonged states of coma. 

Patients Who Are Unconscious IVhen First Seen 
but YVho Are Said to Have Been Conscious after 
the Accident (Presence of Lucid Interval). This 
group of patients is smaller than the other two but 
is of great importance because it includes many 
who are in urgent need of surgical treatment. The 
initial coma may have been brief or there may 
have been none at all, in which instance one may 
conclude that there was neither concussion nor 
contusion. The following conditions must be con- 
sidered in every case of this type. 

Acute Epidural Hemorrhage. This condition is 
due as a rule to a temporal or parietal fracture with 
laceration of the middle meningeal artery and vein. 
Less often there is a tear in a dural venous Sinus. 
The injury, even when it fractures the skull, may 
not have produced coma. A typical example is a 
child who has fallen from a bicycle or a swing or 
has suffered a hard blow to the head in a fight 
and was only momentarily unconscious. A few 
hours or a day or bvo later ( the interval may be as 
long as several days or a week, especially vvith 
venous bleeding), he develops headache of increas- 
ing severity, vomiting, drowsiness, confusion, sei- 
zures (which may he one-sided), hemiparesis, with 
dighlly Increased tendon reflexes and Babinski sign 
As coma develops, the hemiparesis with Babinski 
sign may give way to flaccid or spastic limbs and 
Babinski signs bilaterally. There may be aphasia. 
Respirations become deeper and stertorous, then 
shallow and inegular, and finally stop. The pvdse is 
often slow (below 60) and bounding, with a con- 
comitant rise in systolic blood pressure. The pupil 
may dilate on the side of the hematoma. The 
cerebrospinal fluid is usually under increased pres- 
sure, though normal and subnormal pressures do 
not exclude the possibility of an epidural hema- 
toma. The fluid may be clear or sanguineous, de- 
pending on whether or not there is an associated 
contusion, laceration, or subarachnoid hemorrhage. 
Death, which is almost invariable if the clot is not 
remo%'ed surgically, comes at the end of a comatos,e 
period, rarely if ever in a conscious patient, and is 
due to respiratory arrest. The visualization of a 
fracture line across the groove of the middle me- 
ningeal artery and a knowledge of the side of the 
head struck (the clot is usually on that side) are 
of aid in diagnosis and of lateralization of the le- 
aon. The surgical procedure is placement of several 
burr boles (a single one may miss the clot), drain- 
age, identification of the bleeding vessel, and liga- 
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lion. The operative results are excellent, except in 
the cases with extensive fractures and laceration 
of the dural venous sinuses, in >vhich instance the 
epidural hematoma may be bilateral rather than 
unilateral, as It ordinarily is. If coma, bilateral 
BabinsVi signs, spasticity, or decerebrate rigidity 
supcrxenc before operation, the prognosis for life 
becomes poor. This usually means that a temporal 
lobe herniation and crushing of the midbrain have 
already occurred. 

Acute anti Chronic Suhtlural Hemaloma. The 
problems created by the acute and the chronic sub- 
dural hematoma are so different that they must be 
discussed separately. In acute subdural hematomas, 
which may be unilateral or bilateral, the latent 
interval is usually longer than in epidural hemor- 
rhage — many days or 1 to 2. weeks. Headaches, 
drowsiness, sometimes agitation, slowness in think- 
ing. and confusion, all of which progressively 
worsen, are the most frequent symptoms. Focal or 
lateralcing signs (hemiplegia) ore late and tend to 
bo less prominent than the disturbance of conscious- 
ness. Frequently the acute subdural hematoma is 
combined with cerebral contusion and laceration, so 
that the clinical effects of these sei’eral lesions are 
difHcult to distinguish; and there ore some patients 
in whom it is impossible before operation to state 
whether the surface clot is epidural or subdural 
In location Tlie treatment is bilateral temporal burr 
holes, and this is also one of the most certain diag- 
nostic procedures. If the clot that is found is too 
smaU to explain tlic symptoms, the surgeon usually 
proceeds to do a right subtemporal decompression. 

In clirouic subdural hematoma, mentioned m the 
dilTerential diagnoses in Chaps 34. 37, and 38, 
the traumatic etiology is less clear. The head Injur}', 
cspeci.illy in tlie elderly person, may be trivial 
(striking the head against a branch of a tree, or 
on the mantel of a fireplace during a faint, etc.), 
and it may have been forgotten completely. A pe- 
riod of weeks then follows when head.icbes (not 
invanablc), giddiness, slowness in thinking, confu- 
sion. exaggeration of certain personality trails, and 
rarely a seizure or two are the main symptoms. The 
initial impression may be that the patient has a 
brain tumor, a drug intoxication, or a depressive, 
senile, or otlicr psychosis. As >vit}i acute sub- 
dural hematoma, the disturbance of conscious- 
ness (drowsiness, inattentiveness, incoherence of 
thought, stupor, or coma) is more prominent than 
focal or laterallzing signs. The latter usually con- 
sist of hcmiparcsts and rarely of an aphasic distuih- 
ance. Hemianesthesia and homonymous heraiano- 
pia are seldom obsenerl, probably because the 
anatomic structures subscr\ing these functions are 
deep and not easily compressed (in the case of the 
gcniailocalcarinc pathw.iy) and sensory changes 
are likely to be overlooked in a stuporous, confused 


DISEASES OF ORGAN SYSTEMS 
patient- Hemiplegia, i e., complete paralysis of one 
arm and leg, is usually indicative of an intracere- 
bral lesion rather than of a compressiic surface 
lesion. Another important feature of the hemiparc- 
sis is that it may be contralateral or ipsilateral, 
depending on whether or not herniation of the 
temporal lobe through the notch of the tentorium 
into the posterior fossa and compression of the con- 
tralateral cerebral peduncle are present; if they are 
present, pyramidal signs are then ipsilateral to the 
clot or bilateral. As the condition progresses, the 
paHent becomes comatose but often with sinking 
fluctuations of aivareness, The ipsilateral pupil 
dilates (Hutchinson’s pupillary sign), oiving, it is 
bellei'cd, to direct pressure of the herniating tem- 
poral lobe upon the oculomotor ner\e. The dilated 
pupil and aptotic eyelid are more reliable indica- 
tors of the side of the hematoma than the hemi- 
paresis, though they too can be misleading in cer- 
tain cases. Convulsions are usually seen only in 
alcoholics or cases with a contusion and cannot be 
regarded as a cardinal sign of subdural hematoma, 
even though they are not infrequent. Roentgeno- 
grams of the skaJl are usually negative except for 
a shift of a calcified pineal to one side or an occa- 
sional unexpected fracture line. The electroen- 
cephalogram is usually bilaterally abnonnal, some- 
times with reduced voltage or electrical silence 
over the subdural hematoma or high-voltage slow 
waves ever the same and opposite sides because of 
the damping effects of the clot and displacement of 
the brain The anterior and middle cerebral ar- 
teries are seen to be displaced in an arteriogram 
The cerebrospinal fluid may be clear, bloody, or 
xanthochromic, depending on the presenco or ab- 
sence of recent or old contusion and subarachnoid 
hemorrliage, and the pressure may be elevated, 
normal, or subnormal. Of all these diagnostic pm* 
cedures, direct burr hole exploration is the most 
reUable. 

The acute, rapidly evolving subdural hematomas 
are due to tearing of bridging veins and direct 
compression of the brain by an expanding clot of 
fresh blood. Unlike the epidural arterial hemor- 
rhage, which is progressive, the bleeding is usually 
arrested by the rising intracranial pressure. The 
chronic subdural hematoma is believed to c.aiise 
symptoms by becoming encysted by fibrous mem- 
branes (pseudomembranes) which grow from the 
dura. In its encysted state, as red coquiscles hemo- 
lyze and blood proteins disintegrate, the osmotic 
pressure rises and fiuid enters the hematoma, ivith 
the result that the hematoma enlarges and the 
compressive effects increase. Severe cerebral com- 
pression and displacement with temporal lobe- 
tentorial herniation are the usual causes of death- 
Treatment consists of placing burr holes and evacu- 
ating the clot before deep coma has developed. 
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Subdural hygromas (collections of blood and 
cerebrospinal fluid in the subdural space) may also 
form after an injury, as well as after meningitis (in 
an infant) and pneumoencephalography. It is said 
that a tear of the arachnoid permits the accumu- 
lation of cerebrospinal fluid into the subdural 
space, where it becomes trapped. The patient may 
complain of severe headache, drowsiness, and con- 
fusion, which are reheved when the subdural fluid 
is drained. 

Cerebral Hemorrhage (Immediate and Delayed)^ 
Acute, massive brain hemorrhages are more fre- 
quent in elderly than in young patients and ate 
usually fatal \vithin a few hours. The clinical pic- 
ture is similar to that of hypertensive brain hemor- 
rhage (deepening coma wiA hemiplegia, a dilating 
pupil, bilateral Babinsld signs, stertorous and ir- 
regular respirations). Indeed the problem that 
often cannot be solved even at postmortem exam- 
ination is whether the patient had a hemorrhagic 
of stroke and then fell, or a fall that caused 
the hemonhage. If the bleeding is slow, there may 
be an interval of 2 to 3 days between injury and 
the symptoms of the oncoming hemorrhage. Coma 
or confusion, if present from the time of the in- 
jury, may obscure the signs of the intracerebral 
hemorrhage. Craniotomy with evacuation of the 
clot has given a successful result in a few cases. 

Repeated Concussion (Punch Drunk). The cu- 
mulative effects of repeated injuries, observed 
almost exclusively in professional boxers, constitute 
a type of head injury difiScuIt to classify for it has 
never been well studied pathologicaUy. It is a 
common observation that, after a number of years 
in the ring, pugilists often become forgetful, slow 
in thinking, and slightly dysarthcic. Their move- 
ments are stiff and uncertain, especially those in- 
volving the legs, there is unsteadiness of gait, and 
occasionally there may be involunlaiy movements. 
The plantar reflexes may be extensor on one or 
both sides. The electroencephalogram sho%vs slow 
waves of theta and sometimes of delta type. The 
anatomic basis of this disease is unknorvo. The 
postulation of showers of petechial hemonbages 
from repeated blows on the jaws should not be 
given credence until demonstrated pathologically. 
The findings of diffuse degeneration of the cerebnil 
white matter in rabbits and monkeys whidj have 
been subjected to repeated concussions (Jakob) 
offer a more acceptable possibility. 

Sequelae of Severe Head Injury 
The signs of focal brain disease, whether due to 
open and penetrating or closed head injuries, tend 
always to ameliorate as the months pass. A hemi- 
plegia is often reduced to a minimal hemiparerfs 
or ineptitude of voluntary motor function sviih ex- 
aggerated reflexes and an equivocal Eabinski sign 


CHAP. 285 1803 

on that side, and aphasia improves to become a 
stuttering or hesitant paraphasia which is not dis- 
abling except in a professional worker or %vriter. 
Many of the signs of brain stem disease improve, 
often to an astonishing degree. 

Protracted Traumatic Coma and Pseudocoma. 
Of particular interest is the outcome of those few 
patients who remain comatose for weeks or months 
or even years. The authors have examined the 
brains of nearly a dozen cases of this type, and 
nearly all have shown numerous foci of hemorrhage 
and ischemic necrosis in the midbrain and sub- 
thalamus, especially in the tegmentum and tectum. 
These were probably due in most instances to 
temporal lobe herniation and midbrain compres- 
sion, for one could see where one side of the base 
and tegmentum bad been indented by the free 
edge of the tentorium. In others there may have 
been direct injury to the midbrain and pons, wth 
numerous small hemorrhages. Presumably these 
pathologic changes are not constant, for scattered 
lesions in the cerebral cortex (contusions of the 
summits of convolutions, ischemia ^v^th necrosis in 
the depths of sulci) and a remarkable diffuse de- 
generation of cerebral white matter have also been 
observed in cases of this type (Strich). These pa- 
tients, while comatose (ie., unreceptive to stimuli 
and unresponsive) or while in a stale of pseudo- 
coma (receptive and capable of signaling by blink- 
ing their eyes but otherwise unresponsive), usually 
exhibit a variety of neurologic abnormalities: un- 
equal pupils; dilated, fl.xed pupil and oculomotor 
palsy on one side and hemiplegia on the other, 
disturbances of gaze; bilateral pyramidal paralysis 
with Babinsld signs; extensor postures of arm and 
leg on one side and flexed atm and extended leg 
on the other; brain stem attacks (extension of 
limbs, increased respiration, blood pressure, and 
s^veating on stimulation of any kind), and involun- 
tary movements (tremor, chorea, athetosis) Some 
remain in this reduced mental state until death 
(nearly JO years in one of the authors’ cases, but 
usually a few months or a year or two). The ma- 
jotity, however, may regain enough function to 
lea\e the hospital; a few, surprising as it may seem, 
are restored to full alertness and adequate mental 
lunction. Residual weakness of limbs, slurred 
speech, ocular palsies, ataxia of an arm or leg, or 
irtTOluntary movements are frequent. During con- 
valescence, language mechanisms may be disturbed 
in various ways. There may be mutism, akinesia or 
adynamia (lack of volition or impulse to speak or 
move), dysarthria, and, if there are contusions of 
the cortex of the dominant hemisphere, an aphasia 
as xvell. Any one or a combination of these ab- 
normalities may be present. 

Epilepsy. Posttraumalic epilepsy, which occurs 
in 20 to 40 per cent of patients, is one of the most 



DISEASES OF ORGAN SYSTEMS 


ISO I SEC. 7 

dreaded complications of head injury. Its basis is 
nearly always a contusion or laceration of the cor- 
tc’c The likelihood of epilepsy is said to be greater 
in parietal and posterior frontal lesions, but it may 
arise from lesions in any area of the cerebral corter. 
The incidence of epilepsy is much greater in 
"open” than in "closed” head injuries. Indeed, in 
cases of pure concussion without contusion or 
laceration, seizures are not much more frequent 
than in llie general population. The interval be- 
tween the head injury' and the first seizure averages 
about 9 months, but it may be much longer, i.e., 
many yean, particularly in children. The longer 
the interval, die less certain one is of its relation- 
ship to the traumatic incident. There is a slightly 
greater tendency for those patients who had sei- 
zures at the time of head injury to become subj'ect 
to recurrent seizures later. The seizures are always 
of focal character, or grand mal; petit mal is rarely 
if ever due to trauma. The significance of the dif- 
ferent patterns of focal seizures, which varies ac- 
cording to the location of the lesion, has been 
worked out in detail by Pcnfield and his associates 
(see Chap. 30) and by Russell et al. The fre- 
(juGney ot seizures In any given patient vanes 
widely; some patients ha\’e only a few, others 
many, with episodes of status epilepticus. The elec- 
troencephalogram Is of value in diagnosis, a focus 
of spike or sharp waves is the characteristic find- 
ing Usually the seizures can be controlled by nnti- 
conMilsant medications, and only the recalcitrant 
cases are likely to require excision of the epileptic 
focus The surgical results vary according to the 
methods of selection and technique of operation. 
Seizures are abolished in approximately 50 per cent 
by excision of the focus- 

impairment of Mental Function. Fortunately this 
is a rare sequela to head trauma. Although mental 
function may be disturbed by focal lesions which 
produce dysphasia, agnosia, apraxia, etc., intellcc- 
ttia] functions and memory arc usually preserwd. 
This is true of even the most severe head injuries 
and is understandable when one considers the rela- 
tively small amount of brain tissue destroyed by 
the traumatic process. The only exceptiems to this 
statement are the few patients who survive a severe 
compression of the midbrain by a berniatmg tem- 
poral lobe and those Nvith extensive degeneration 
of the cerebral white matter. Children pres’iously 
of low-average or borderline intelligence and tlie 
•aged w'ho, unnoticed, had developed senile mental 
ch-mges constitute other exceptions. Tlie aging per- 
son may have worked and functioned reasonably 
well imtil the time of the Injury and afterw'ard is 
found to have a grave impairment o! memory, 
thinking, and emotional control that permanency 
disables him. Tlial this is not simply a traumatic 
;wilcct is indicated by the fact that the sescrify of 


the mental defect does not seem to parallel the 
severity of the head injury, and, as the months 
and years pass, the menial disorder may progress 
(the natural course of brain trauma is one of sud- 
den onset with maximal functional disturbance 
xvithin minutes or hours, and then improvement). 
This is one of the reasons why the prognosis in 
elderly adults Is less good than for younger indi- 
x'iduals. 

Posttraiimatic Nervous Instability. Undoubtedly 
the most troublesome sequela of head injury is that 
alluded to in the discussion of group 1 cases — 
headache, giddiness, and nervous instabihtij This 
has been called the postconciissional stjndroms or 
the minor contusion syndrome (Trotter), or post' 
traumatic vasomotor neurosis (Friedmann). All 
these terms are objectionable on the grounds that 
they surest an explanatory hypothesis, as yet un- 
prox'cd. Headache is the central symptom, usually, 
at times localized to the part struck. It is variously 
described as an aching, throbbing, pounding, stab- 
bing. pressing pain and Is remarkable for its vari- 
ability. The intensification of symptoms by mental 
and physical effort, straining, stooping, and emo- 
tional exatcmenl has already been mentioned. Rest 
and quiet may relieve it. Thus it becomes a major 
obstade to convalescence, which demands always 
a resumption of normal activities The dizziness is 
usually not a tme vertigo but a giddiness The fa* 
tient feels suddenly unsteady, dazed, weak, or 
faint. However, a certain number of patients report 
symptoms which suggest a labyrinthine disorder 
For example, objects In the environment are s.'iid to 
move momentarily, and looking upward or to the 
side may cause a sense of unbalance. Labyrinthine 
tests may show either hy-po- or hyperreactivity, or 
the results may prove to be normal. Tlie data are 
usually so indefinite that it is impossible to state 
whether or not the labyrinth and veshbular mecha- 
nisms have been injured. Exceptionally, vertigo is 
accompanied by diminished excitability of both the 
labyrinth and the cochlea, and one may assume the 
existence of direct injury to the nerve or end organ. 
The giddy patient usually is intolerant of noise, 
emotional excitement, and crowds. Tenseness, rest- 
lessness, inability to concentrate, a feeling of nerv- 
ousness, fatigue, worry, apprehension, and an in- 
ability to tolerate the usual amount of alcohol 
complete the clinical picture In contrast to the 
mulbple subjective symptoms, detailed tests of in- 
tellectual funcrions and memory show little or no 
impairment. This syndrome, once established, may 
persist for months or even years, but usually the 
tyinptoms lessen as time passes. It occurs in botli 
sexes, all races, and at all ages, excepting childhood 
There has been much controversy' over its cause, 
and to the present time its anatomic and physio- 
logic basis has not been settled. The constancy of 
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ihe symploms, their appearance in individuals who 
have had no trace of neurosis prior to the accident, 
and their relationship to physical and mental activ- 
ity have led most neurologists to view this 
drome as a manifestation of a specific morbid proc- 
ess in cranial structures. Nevertheless, the striking 
reduction in disabihty when the physician gives 
firm reassurance and encourages early rebabilita- 
fa’on leaves little doubt as to the existence of impor- 
tant psychologic mechanisms, at least for the main- 
tenance of the symptoms. And if compensation is 
involved, the motivation to return to previous ac- 
tivities is still further impaired. 

Extrapyramidal and Cerebellar Disorders. The 
question of posttraumatic ParXmsorts syndrome has 
been discussed many times, usually vvith the gen- 
eral conclusion that a true traumatic parkinsonism 
does not exist. Most patients have merely had 
paralysis agitans or postencephalitic Parkinson’s 
disease brought to light by head injury. The head 
injury may have been severe or trivial, and the 
course of the illness is usually progressive, just as 
it is in the nontraumatio cases. Patients who sur- 
vive a severe midbrain S)'ndrome manifested in the 
beginning by protracted coma, may have a clinical 
picture which bears some similarity to Parkinson’s 
syndrome, but the presence of ocular palsies, nys- 
tagmus, and unilateral or bilateral pyramidal signs 
should permit easy distinction. One should be 
equally skeptical regarding the existence of a post- 
traumatic cerebellar ataxia. 

Posttraumatic Hydrocephalus. Rare e.xamples of 
posttraumatic hydrocephalus with intermittent 
headaches, vomiting, confusion, and drowsiness 
have been reported, and autopsy has demonstrated 
an adhesive basilar meningitis, attributed to sub- 
arachnoid or ventricular hemorrhage. Since a symp- 
tomatology like this has been observed occasion- 
ally after the rupture of a saccular aneurysm with 
massive subarachnoid hemorrhage, due presumably 
to blocking of the aqueduct and fourth ventricle 
by blood clot, this mechanism has also been sug- 
gested as a possible explanation of traumatic hy- 
drocephalus in patients with cerebral contusion. 
However, tliere are other patients with enlarged 
ventricles who probably at no time had a sig^- 
cant degree of subarachnoid and ventricular hem- 
orrhage. The mechanism of the hydrocephalus in 
these cases is not known. 

Posttraumatic Psychiatric Disorden. In contrast 
to nervousness and nervous instability, which are 
common sequelae of injuries of all types, post- 
traumatic psychoses arc relatively infrequent. 
Adolph Meyer, whose study of traumatic insanity 
18 still a standard reference, encountered this type 
of illness in approximately 1 per cent of admis- 
sions to a state hospital. Statistics from roilitan’ 
files and civilian hospitals show that about 1 of 
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every 100 patients with a head injury exhibits a 
behavioral change which requires commitment to 
a mental hospital (the figure is lower for militaiy 
head injuries: 1 in every 1,000 cases). These terms, 
traumatic psychosis and insanity, have been used 
in v’arious ways, which makes any summary of data 
and opinion difficult. From the psychiatric stand- 
point, many of the posttraumatic states already de- 
scribed (traumatic stupor, delirium, confusion, or 
dementia) would be classified as "defect psy- 
choses.” Other physicians -use this term, as it is 
used here, to designate aberrations of behavaor 
which prev’ent the patient from resuming his place 
in society. The most distressing psychiatric syn- 
dromes have been suspiciousness and paranoid de- 
lusions, unaccountable outbursts of violent temper, 
sometimes with homicidal or suicidal tendencies, 
progressive hyperactivity, delirium, and mania, and 
episodes of bizarre behavior with subsequent am- 
nesia, reminiscent of temporal lobe seizures. Alco- 
holism may provoke some of these behavioral ab- 
normalities. Some of these illnesses are undoubt- 
edly due to residual brain damage in individu.'Us of 
peailiar personality make-up. However, attempts 
to account for psychoses of this type by reference 
to constitutional peculiarities and predisposition, 
laid bare, so to speak, by head injury, have not 
been convincing. They may be said to represent 
first attempts to find working hypotheses. Some pa- 
tients afflicted with these psychoses remain help- 
lessly disabled. In others the outcome has been 
surprisingly good, and the patient, after some 
months in a psychiatric hospital, has been able to 
return to his home and his former Job. 

Clinical Approach to the Patient lEho Has 
Su0eTcd Ilcod In>uTy; Suggcsled 
Plan for Management 

The physician who undertakes to treat the "head 
injury case” must at all times bear in mind that 
assiduous attention to detail may prove to be life- 
saving, and that accurate documentation of all 
diagnostic findings and therapy is desirable if the 
medical data are later to be used in the arbitration 
of Insurance claims, worker’s unemployment com- 
pensation, etc. The suggestions which follow can 
do no more than serve as guides, for every patient 
presents a combination of problems that the physi- 
cian has not encountered before and may not ob- 
serve again in identical form. 

Exact data concerning the patient’s medical 
status before the accident (previous illnesses, W’ork 
and social record, emotional stability), the nature 
and precise circumstances of the accident, tJie 
duration of retrograde and anterograde amnesia, 
and all that transpired afterward should be ob- 
tained and recorded. Verbatim st.-itcmcnts should 
be written down whenever possible. 
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nie treatment prolilems presented by each of 
the three groups of clinical cases discussed above 
are as follows. 

Minor Head Injury. In this group arc included 
patients v.ho (1) were never unconscious at any 
time, (2) were briefly unconscious but are men- 
tally clear at the time of the first examination, 
(3) are rapidly regaining consciousness. 

Circumstances dictate liow each case is mart- 
aged If the injury was trivial and the scalp was 
not Lacerated, and if the patient is entirely clear 
mentally, little or nothing need be done ^Vhen the 
patient is unable to give an accurate account of 
what has happened and appears still to be some- 
what confused or incoherent, he should be com- 
pelled to lie dowm or at least ronain in one place. 
It often happens that the confusion Is not detected 
and the patient is permitted to resume activity 
while still acting in an irrational manner. He may 
get into his car and attempt to drive, only to have 
another accident; or if an athlete he may continue 
to play a game and maVe a series of enors. 

WTien a conscious or nearly conscious patient 
is admitted to a general hospitm, it is tempting to 
let him go his way. Experience teaches caution, 
liowevcr. A complete examination, with the patient 
fully undressed, should be carried out. It is well, 
if there is any ItLelihood of litigation, to obtam 
x-rays of the skull and an electroencephalogram. 
The question of lumbar puncture will usually de- 
pend on how serious the injury was, on the prom- 
inence of posttraumatic headache, etc. The patient 
should probably be detained for a few hours or 
ov’cmight in order to make sure that be is no^ 
merely in a lucid inten'al. The first few hours or 
days may be spent in the hospital If this cannot 
be arranged and he is sent home, a member of the 
family should be cliargcd wnth the rcsponsibilit}' of 
reporting any important change, such as increasing 
headache, vomiting, drowsiness, confusion, or 
seizure. Its occurrence would dictate hospital 
entry for further examination, an x-ray of the skull, 
and possibly a lumbar puncture. A posttraumatic 
heacladie and drowsiness may be the first signs 
of an oncoming epidural or subdural hematoma. 
On the other hand, they may reflect only what is 
presumed to be a localized edema. Further ob- 
serv-ation will usually distinguish between these 
conditions. Observation may be safely continued 
as long as the patient remains conscious. Here one 
may proceed on the rule that the life of the pa- 
tient with a head injury is never in jeopardy as 
long as he is mentally clear and responsive. The 
only exceptions to this statement arc rare instances 
of severe cerebral contusion with minimal concus- 
sion (cf. pp. 1709 and 1800} or fracture throujdi the 
foramen magnum with contusion of the inferior 
surface of the cerebellum and with sswUing of 
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tissue and herniation through the foramen mag. 
Dum. Two of the authors’ patients with this con- 
dition died unexpectedly after a period of intense 
occipital headache, at a lime when they W’ere quite 
alert. The management of posttraumatic headache, 
dizziness, and nervous instability, which often 
follow reLatively minor injuries to the head, wi]] 
be discussed below. A simple fracture without in- 
volvcinent of paranasal sinuses requires no special 
treatm«)t but is believed to contraindicate vigorous 
athletic activities for several months or a year. 

Patients Wio Are Unconscious When First Seen. 
If the physician arrives on the scene of the ac- 
cident, a hurried examination should be made b?. 
fore the patient is moved in order to determine 
whether there is dangerous hemorrhage from a 
laceration of the scalp or other parts of the body 
and whether there is likelihood of a fracturc-dislu- 
cation of the cervical spine, which is occasionally 
associated with head injury. If the patient is in 
shock, with cold clammy sldn and feeble pulse, he 
should be cxivcred with warm blankets. In moving 
an individual with a potential cervical spine in- 
jury, the spine should be kept straight at all times 
and flexion of the neck should be avoided Thtj 
can best be done by placing sand bags or firm pil- 
lows on either side of the head and warning ewiy- 
one against neck flexion. An even safer method is 
to place the patient on a stretcher face down and 
arrange pillows to assure a clear airway. Bleeding 
from the scalp can usually be controlled with a 
firm pad unless an artery is divided, and then a 
suture becomes necessary. 

In the hospital, where all such patients should 
be taken, the first steps should be to control shock. 
This can usually be done by the applic.'ition of 
warmth, keeping the head low and leaving tl'e 
patient alone for a few minutes. The shock will 
usually come under control in n few minutes witl\ 
or witliout vasopressor drugs or transfusions. Per. 
sistent shock is rare in head injury and alwaj? 
raises the suspicion of a ruptured viscera wth in. 
temal bleeding, extensive fractures, or traumatism 
of the cervical spinal cord. A quick survey wiU en. 
able one to estimate the depth of coma, size of 
pupils, and presence of obvious fractures; and if 
shock is not present, or after the blood pressure 
has stabilized, a more detailed examination can be 
performed. The skull should be carefully inspectetl 
and palpated. The hair should be cut off around 
the scalp wound. A bogginess of the temporal or 
postauricular region (Battle’s sign), bleeding from 
the nose or ear, extensiv'e conjunctival edema and 
hemorrhage are useful signs of underlying skull 
fracture. However, it should be rememberro that 
rupture of the eardrum or a blow on the nose may 
also cause bleeding from the ear and nose, re- 
spectively. Fractures of the orbital bones may 
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cause displacement of the eye, with resulting 
diplopia, and fracture of the jaws, disaligrunent 
of the teeth, and great discomfort on attempting 
to open the mouth. Careful notes should he made 
regarding temperature, pulse, blood pressure, state 
of consciousness, pupil size, ocular movements, 
corneal reflexes, facial movements during grimace, 
s^vaUo^ving, tone of limb muscles, movements of 
limbs, predominant postures, and reflexes. Vital 
signs and consciousness should be checked and 
recorded by the nurse or physician every 2 hr. 
A proper aii^vay must be maintained. The best 
position for the patient is semisupine, with the 
head on a pillow and turned to one side. If urine is 
retained and the bladder distended, a catheter 
should be inserted and kept there. If coma per- 
sists for more than 12 to 24 hr, a nasal tube should 
he passed and fluids and nourishment given 1^ 
that route. Intrawnous fluids should be admin- 
istered slowly and not in excessive amounts; even 
hypertonic glucose may increase oncoming pul- 
monary and cerebral edema, the danger of the 
latter being especially great in children. Lumbar 
puncture should bo done as soon as practicable for 
diagnostic purposes (immediately if bacterial men- 
ingitis is suspected), and if the pressure is ele- 
vated it should be lowered to 100 to 150 mm. The 
practice of daily lumbar punctures has its ad- 
vocates and its opponents. The authors have 
tended to use them only if the pressure is elevated 
and the patient’s condition is not improving. 
Hypertonic solutions (MgSO^, 90 Cm, and xvaler, 
180 ml) may be given per rectum, after a cleansing 
enema, and held for 30 min; or if the patient can 
swallow, 60 ml of this solution may be given by 
mouth every hour until a loose bowel movement 
is obtained. Hypertonic solutions intravenously are 
of less certain therapeutic value. One hundred 
millimeters of hypertonic urea, or if not ar'aiiable, 
50 to 100 ml of 50 per cent glucose, or hypertonic 
sucrose, may be injected intravenously if operation 
is to follow within a few hours, but otherNrisc 
should probably not be given, for there may be an 
even higher cerebrospinal fluid pressure after its 
hypertonic effect wears off. X-rays of skull and 
other parts should be taken after the first day or 
hvo, unless there is a suspicion of an epidural 
hemorrhage, in which case they should be made 
at once, to visualize a crack across the course of 
the middle meningeal artery. Restlessness is con- 
trolled by sodium phenobarbital or paraldehyde, 
but only if careful nursing does not quiet the pa- 
tient and permit him to sleep for a few hours at 
a time. 

Once the patient has regained conscioxisness, the 
danger of suffocation, aspiration pneumonia, bnm- 
chopneumonia, thrombophlebitis, and pulmonary 
embolism has usually passed, and therapy ran pro- 


ceed along the lines indicated for the first group. 

It is often staled that death from head injury 
during the first 12 to 24 hr is the direct effect of 
primary brain injur)' and cannot be prevented. The 
ads'isability of any surgical procedure during this 
period is much debated. If the patient survives for 
one, two, or more days and remains in coma, the 
control of brain s\velling and hemorrhage by sur- 
gical means must be considered. Should the con- 
dition of the patient then begin to deteriorate 
(pulse rising, temperature subnormal or rising, 
slate of consciousness worsening, hemiplegia more 
obvious, plantar reflexes more clearly extensor), a 
decision must be made concerning an epidural or 
subdural hemorrhage and of increasing brain 
edema with tempor^ Jobe herniation. Rowbotham, 
who has had a large experience with cases of this 
type, recommends a right-sided temporal decom- 
pression and tsvo inspection burr holes in the left, 
one at the Sylvian point and one at the parietal 
eminence, for some of these patients. In his opinion 
the indications for surgery are (1) retrogression 
following a period of improvement, which cannot 
be controlled by lumbar puncture and oral and 
rectal hypertonic solutions or intravenous dehydra- 
tion measures; (2) decerebrate rigidity which has 
its onset after an interval of 24 hr (early decere- 
brate rigidity implies primary braiir stem injury) 
if meningitis is ruled out; (3) a dilated fi.xed pupil 
on one side, with no improvement after 12 hr; (4) 
prolonged unconsciousness associated with a per- 
sistently high cerebrospinal fluid pressure. Not all 
neurologists and neurosurgeons are agreed on the 
value of surgical decompression, but certainly the 
removal of a large epidural or subdural hemor- 
rhage, which cannot be diagnosed easily in the 
comatose patient, may be a lifesaving procedure. 

The treatment of the patient with protracted 
coma is too complex to be outlined in detail here. 
The reader should refer to p. 318. Every patient 
presents special problems which must be dealt ^vilh 
indWduaUy. 

Patients Who Temporarily Recovered Conscious- 
ness (Lucid Interval) and Then Became Stuporous 
or Comatose. The treatment is that of epidural, 
subdural, and delayed cerebral hemonhage. This 
has already been discussed. 

General Convalescence 

A head injury carries dire import to most lay 
individuals, who often fear for their mind and are 
concerned about their capacity to resume their 
place in society. In former times, therapeutic meas- 
ures often involved long discussions of the serious- 
ness of the injury, protracted bed rest, and inac- 
tivity, all of which seiv'ed only to engender greater 
anxiety. Ewn u’orse, these measures were not of 
pnn’cd value. It is now widely acknowledged that 
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the patient docs better if his physicitm tends to 
minimize the seriousness of his head injury and to 
reassure him that he WTi! recover. Early rehabilita- 
tion should be encouraged It may safely begin as 
soon as tlic cerebrospinal fluid becomes clear, usu- 
ally within a fesv days or 1 to 2 weeks at tlie most, 
except of course in the rare cases of protracted 
coma. 

Posttraumatic headache, dizziness, and nervous- 
ness are the roost difficult s\inptoms to manage 
during this period. Careful explanation of the 
s)Tnpfoms, an optimistic prognosis, and the institu* 
tion of a program of graded mental and physical 
activities to tlie point of tolerance stand the best 
chance of restoring the patient to a useful life. Tlie 
patient should be told that he must expect a certain 
amount of headache and should cany on in spite 
of it. Meprobamate, 200 mg t.i d., ts useful for 
anxiety, and n non-habil-forming analgesic mcdi- 
c.ition should be given for the more severe head- 
aches (Empirin or aspirin). Insomnia may require 
a barbiturate medication or chloral hydrate at first, 
but they should be discontinued as soon as possi- 
ble. Any litigation that may be Invoh'ed should be 
settled xMthin 6 to 9 months. To delay settlement 
usually works against the best interests of the 
patient. The seventy of his injury can be ascer- 
tained XMthin this penod of time, and a longer 
period of observation only enhances bis worries and 
fears and reduces his motisalion to return to work 

The prognosis of head Injury, in good hands, is 
influenced by sei’cral variables Elderly patients 
often remain disabled, especially when compensa- 
tion is ini’olvcd. Young and middle-aged adults do 
better if they are not enb'tled to compens.ilion 
(nussell's figures: 70 per cent of compensation 
coses back at work in IS months, 83 per cent of 
noncompensation cases working at the end of this 
period). Kusscll also pointed out that the severity 
of the injury as measured by the duration of trau- 
matic amnesia was a factor. If the period of am- 
nesia was less than 1 hr, 93 per cent of cases were 
back at work within 2 months; if longer than 24 
hr, only 80 per cent had rettimeil to wxwk in 0 
months. About 60 per cent, however, still had 
svmploms at the end of 2 months, and 40 per cent 
at tlic end of IS months. 

INIUIUES OF THE SPINE 
AND SPINAL CORD 

Injury to the spinal cord is not infrequent in 
both civilian and military life. It may be the sole 
complication of an injury, or, as indicated above. 
It m.iy bo combined with head injuiy. Although 
the primary consideration is vihether the spinal 
cord or spinal roots have been damaged, some 
reference to the nature of vertebra) injury is neccS- 
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sary for an understanding of tliis type of traumatic 
disease. 

Varieties of Spinal Injury 

A useful classification of spinal injuries is one 
which divides them into fracture-dislocations, pure 
fractures, and pure dislocations. The relative fre- 
quency of these types is about 3:1:1. Direct vio- 
lence to the spine is an uncommon cause of verte- 
bral disruption, except for stab and bullet wounds 
most spine injuries are the result of force “applied 
at a distance" All three types of injury are pro- 
duced by a similar mechanism, usually a vertic.nl 
compression of the spinal column to which flexion 
IS almost immediately added. The two important 
variables in the mechanics of vertebral injury are 
the nature of the bones and the strength, direction, 
and point of impact of the force. 

Tlic .Nature of the Vertebral Body and Other 
Spinal Structures. It was pointed out in Chap. 1 
that the vertebral column consists of two parallel, 
fused cylinders of different structure and serving 
different purposes, the anterior column comprised 
of the vertebral bodies and intervertebral cartilages 
whose gener.il purpose is w’eight bearing, the pos- 
terior cylinder an articulated column of neural 
arches giving protection to the spinal cord Of 
tliese two columns or cylinders, the anterior is 
more compressible, being constituted of veiy little 
compact and much cancellous bone. Thus a cofri- 
pressivc force usual))' causes wedging of a vertebral 
body, and is followed by flexion. Wedging or col- 
lapse of vertebral bodies Is most to be expected 
where they are high and spongy and separated by 
thick intervertebral disks, i.e., in the lower tliorncic 
and lumbar spine Wedging is seldom complete in 
the cervical region because violence to the neck 
In a vertical direction is not applicable without 
movement ol the spine, part of the force of the 
blow being converted into a movement of flexion 

Strength, Direction, and Point of Impact of the 
Force. If the injunng body striking the cranium i* 
hard and the velocity is high, a skull fracture oc- 
curs, the elastic quality of the skull absorbing the 
force of the injury. If the injuring body is soft yet 
heavy, the spine and particularly its cervical po^* 
tion will be the part injured. If the neck happens 
to be rigid and straight and the force is quickly 
applied to the head, the atlas and the odontoid 
process of the axis may break. If the force is no* 
so quickly applied and removed, an element of 
flexion occurs. Flexion movement plus a vertic.d 
force constitute the essential factors in fracture- 
dislocation or pure dislocation. These types of in- 
jury are most frequent in the cervical region. 

Another mechanism of spinal injury, occurring 
most often in military life, is tli.il in which missiles 
of high velocity pass tlirough the vertebral canal 
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and destroy the spinal cord. In some cases 
may strike the vertebral column \\’ithout entering 
the spinal canal and agitate it so violently that the 
cord suffers injury. The term given the temporary 
spinal paralysis which results is spfnoZ conctmton. 
This condition may also be produced by violent 
falls flat on the back. 

A study of 2,006 cases collected from the litera- 
ture by Jefferson shows that most vertebral Injuries 
occur at tlie first to second cervical, fourth to sixth 
cert'ical, and eleventh thoracic to second lumhar 
vertebras. Industrial accidents most often inwlve 
tbe dorsolxnnbar vertebras, and those caused by 
falling, either in a sitting position or with head 
dowm as in diving accidents, affect the cervical 
region. In the authors' neuropathologic material, 
which contains 26 cases, the usual circumstances 
of spinal injury were a slate of alcoholic intoxica- 
tion and a fall do\vn a flight of stairs, automohile 
accidents, crushing industrial accidents, gunshot or 
slab wounds, and birth injury in that order of fre- 
quency. The majority of these fatal cases were 
fractiire-dislocationa of dislocations of the cervical 
spine. 

Mechanhm of Spinal Cord Injury 

The spinal cord may escape injury even though 
there is vertebral dislocation, especially in regions 
where the spinal canal is large, i.e., in the cervical 
and lumbar regions. Or the spinal cord may be 
damaged without radiologic evidence of fr.irture 
or dislocation. One cannot easily determine the full 
extent of spinal injury, however, even at autopsy, 
because of difficulty in examining the vertebras. 
By far the most satisfactory technique for demon- 
strating the degree of spine injury and the presence 
of a tearing of ligaments %vith dislocation is the 
x-ray, taken lateriffiy with the neck fle.xed and ex- 
tended. The most frequently established media- 
nism is a vertebral dislocation with or without 
fracture. The upper vertebras are displaced an- 
teriorly, and there is a break in posterior longitudi- 
nal ligament and intervertebral disk. The spinal 
cord is most often subjected to a shearing force 
behveen the pedicles of the vertebra above and tbe 
body and laminas of tile vertebra below the dis- 
location, or is sharply angulaled in violent exten- 
sion of the neck. Agitation of the spine, as when it 
is struck in some part by a bullet, has beoi postu- 
lated as a means of spinal concussion. This has led 
to much confusion, because the term is not em- 
ployed here in the usual sense of a transient inter- 
ruption of neural function by trauma without per- 
ceptible structural change, 

Pathology of 5pina/ Cord Injury 
As a result of squeezing or shearing of the cord, 
there are necrosis of fiber tracts and gray matter 
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and a variable amount of hemorrhage, chiefly in 
the more vascular gray matter. These changes are 
maximum at the point of injury and one or two 
segments above and below it. Rarely is the cord cut 
in two, and seldom is the pia-arachnoid lacerated. 
This condition is best designated as traumatic 
necrosis of the spinal cord. Separation of such path- 
ologic entities as hematomyelia, concussion, contu- 
sion, and hematorrhachis is rarely of value, either 
clinically or pathologically. As u’ith most lesions, 
the total disease picture is compounded of an ir- 
reversible structural lesion and a disorder of func- 
tion, each of which may vary in degree. The extent 
and permanence of the clinical manifestations are 
determined by the relative amounts of these two. 
An exception to this statement might be made for 
gunshot wounds of vertebras. Here the explosive 
force of the missile may shatter myelinated fibers 
without dislocation of vertebras. A blow from be- 
hind may cause sudden extension of the neck 
(so-called "whiplash” injury). As a rule this does 
not injure the spinal cord, but it does damage the 
cervical ligaments and muscles. Theoretically it 
may affect the vertebral arteries, but this is un- 
proved. (See Chap. 7 for discussion of lumbar 
injury.) 

Clinical Effects of Spinal Cord Damage 

The description of traumatic paraplegia by Rid- 
dock cannot be e.xcelled. He divides tbe clinical 
picture into two stages, as follows: 

Muscular Flaccidity or "Spinal Shock." The loss 
of (unction which is inflicted at the time of injury, 
ie., fourth to fifth cervical quadriplegia; thoracic 
paraplegia; paralysis of bladder and bo^vel sphinc- 
ters (and loss of sensibility below the level corre- 
sponding to the spinal lesion), is accompanied by 
a complete or almost complete suppression of re- 
flex activity of oU spinal segments below the lesion. 
This condition is the so-called “spinal shock.” The 
plantar reflexes are at first variable and may he 
flexor or extensor. The lower extremities Jose heat 
if left uncovered, and swell if dependent. Sweating 
is abolished. Cutaneous ulcerations may dc%’elop 
over bony prominences. Urine and feces are re- 
tained to the point where invxiluntary overflow or 
leakage results. Occasionally there is priapism be- 
cause of venous congestion. A paralytic ileus may 
occur. 

Reflex Activity. If the lumbosacral segments are 
undamaged, spinal shock wears off in 2 to 3 xveeks. 
The first sign of this is contraction of the ham- 
strings, with flexion or extension of the toes on 
plantar stimulation. Then gentle and later strong 
involuntary flexor spasms make their appearance. 
Ankle jerks and then knee jerks return. Retention 
of urine and feces becomes less complete, and at 
irregular intervals urine is expelled by active con- 
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traction of the detrusor muscle. Reflex defecation 
and su'caling also return. At times flexor spasms 
and later eyttensor spasms, with s\Teating and mic- 
turition, all occur after stimulation of the skin, viz., 
the mass reflex. Tfiis stage of reflex acthity may 
last for years unless sepsis intcrs'cnes, in whi<m case 
the stale of spinal shock may return. 

Less complete IcSions of the spinal cord may 
result in little or no spinal shock or extensor spasm; 
incomplete soluntary motor paralysis, a flaccid 
atrophic paralysis, variable sensory impairment in 
the arms, and a spastic weakness of the legs, and 
a partial or complete RrOwn^^quard syndrome are 
some of the resulting clinical pictures. 

TIjc final result may he permanent and complete 
disability, rarely cohsistent with stin'iv’al for more 
than a short time (days to weeks); or a gradual 
improvement and complete or almost complete re- 
covery* may occur. Any residual symptoms after 6 
months arc likely to be more or less permanent. 

The level of the cord lesion can be determined 
by the clinical picture. A complete paralysis of 
arms and legs usually indicates a dislocation at the 
fourth to fifth cervical. If legs are paralyzed and 
arms can be abducted and flexed, the dislocation is 
likely to be at the fifth to sixth cervical Paralysis 
only of hands and of legs indicates the level of 
vertebral disorder to be the si.xth to seventh cervi- 
cal. Wlien the motor paralysis involves muscles 
above the knees and sensory loss includes the 
twelfth thoracic dermatome, the site is the eleventh 
to twelfth thomcic- If the paralysis Is below the 
knees and the first lumbar escapes, the lesion is at 
the hvclfth thoracic, first lumbar vertebras. Prog- 
nosis for the latter, preponderatcly a cauda cqmna 
lesion, is better than for the former. 

Trcalmenl 

In general, the treatment of spinal cord injuries 
is conservative and symptomatic. ^Vhcn there is 
x-ray evidence of bony displacement or of bone 
fragments pressing on the cord, or when spinal 
subarachnoid block is present, the cord should be 
decompressed by laminectomy. Tin's should not 
be undertaken, however, until tlic patient has re- 
covered from shock. If the spinal cord injury' is 
associated with dislocation of the vertebras, trac- 
tion on the neck is nccCssaiy to secure proper re- 
alignment. This is accomplished by a head halter 
attached through the head of the bed over a pulley 
to a weight of 10 to 15 Ib. Tlicrc are other more 
compUeated techniques, such as tongs which fasten 
onto (he skull (Crutchfield). In thoracic crush 
Injuries, hyperextension can be maintained 1^' pbc- 
ing a narrow pillow under tlic affected area. Trac- 
tion should be contmued for -1 to 6 weeks, and 
then a brace may be substituted. Tlie aftercare of 
patients wHth paraplegia and disturbance of vesical 


or rectal function is similar to that of patients with 
like symptoms from other causes (see Chap. 29). 
Tidal drainage is a valuable adjunct in prev’cnting 
infection, stone formab'on, and contracture and in 
securing return of function. D-iily enemas are usu- 
ally the most effective means of controlling fecal 
incontinence. Physiotherapy, muscle reeducation, 
and the application of proper braces are all im- 
portant in the rehabihtation of the patient. 

INJURIES TO SPINAL ROOTS, PLEXUSES, 
AND PERIPHERAL NER\XS 

Discussions of these subjects will be found in 
Chaps 26 and 291. Ruptured intervertebral disk is 
presented in Chap. 7. 

CONCLUSION 

Head and spine injuries should invnte the atten- 
tion of general physicians, internists, and neurol- 
ogists There are many important lessons to be 
learned about llie function of the human nervous 
system from following these cases. Their treatment, 
except m a minority of cases, where there is lacera- 
tion of scalp, depressed fracture, epidural and sub- 
dural hemorrhage, or compression of the spinal 
cord, must be conducted largely along medical 
lines 
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TUMORS OF THE 
BRAIN AND SPINAL 
CORD 

Henry deF. Webster and 
Raymond D. Adams 

Tumors of the central nervous system play a very 
important part in neurologic medicine and occupy 
a distinct field by themseh’es. It may be said of 
them generally that they occur in great \'ariety; are 
dangerous (malignant) because of size, location, 
and invasive qualities; usually destroy the tissues 
in which they are situated and displace those 
around them; are a frequent cause of increased 
intracranial pressure; and are often lethal. 

During the first half of the twentieth century a 
great deal was learned about the gross and micro- 
scopic features of these tumors. Also a number of 
classifications were introduced, the most notable 
being those of BaUey and Cushing, Hortega, and 
Kemohan. However, little has been found out 
about their fundamental nature. The experimental 
work done in animals in which tumors have been 
induced by chemical substances and the bacterio- 
logic, biochemical, histologic, and tissue culture 
studies of tumor tissue obtained from human beings 
during operation or postmortem have, unfortu- 
nately, shed little light on the fundamental prob- 
lems of etiology and pathogenesis. Trauma, viruses, 
chemical irritation, and heredity have been sug- 
gested as causative agents, but no convincing evi- 
dence on these points has been accumulated 

Probably the most singular advances in this field 
during the present century concern diagnosis and 
treatment. The standard textbooks of neorolo^ 
written before 1900 by Osier, Stnimpell, Oppen- 
heim, Gowers and the monographs containing the 
brilliant lectures on nervous disease by Hammond, 
Charcot, Romberg, Duebenne, and Gowers reveal 
that tumor of the brain and spinal cord rarely fig- 
ured in the thinking of these great clinicians, hlore- 
over it was not until 1879 that Macewen diagnosed 
and operated on the first intracranial tumor and 
shortly thereafter that Sir Victor Horsley explored 
the possibilities of intracranial surgery. By the turn 
of the last century barely 50 cases had been oper- 
ated upon successfully. The great developments 
achieved within the modem era of medicine must 
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be credited largely to Harvey Cushing and his 
students, who showed the fea 5 ibility of removing 
intracranial growths and ivho worked out the nec- 
essary technical details of diagnosis and operathe 
surgery. Their work was aided immeasurably by 
the use of air to visualize the ventricular system 
and subarachnoid spaces [the pneumoencephalo- 
gram (PEC) and ventriculogram of Dandy], the 
development of arteriography (Moniz), and the 
invention of electrocoagulation, the “sucker,” and 
the Gigli saw. More recently radioactive isotopes 
have been exploited by a number of American in- 
vestigators (Moore, Sweet, and others) for the 
purpose of localizing tumor growths. 

CLASSIFICATION 

The dassification of the tumors of the nervous 
system, like that of tumors of other viscera, is 
primarily regional and histogenetic. Subdivisions 
are bas^ on the cells of origin. The embrj’ologic 
studies of His, Cajal. Hortega, and their students 
established the existence of 14 important cell 
types within the cranial cavity: the astrocyte, oligo- 
dendrocyte, microgliacyte, ependymal cell, choroi- 
dal epithelial cel!, nerve cell, fibroblast, specialized 
arachnoidal fibroblast, Schwann cell, histioC)te, '’as- 
cutar endothelial cell, pituitary epithelial cell pin- 
eal epithelial cell, and meningeal melanophorc cell 
Each of these basic "t)pe ccDs" is capable of giving 
origin to a series of tumors which grow at various 
rates of speed, and all gradabons can usually be 
found between the slowest and fastest growing. 
The tumor cells tend to differentiate, as do the 
cells from which they arise If the growth rate is 
slow, differentiation may be perfect, ^ust as it is 
in normal tissues, and there is no difficulty in de- 
termining the type. If the growth rate is rapid, the 
differentiation is less complete or entirely lacking 
and recognition of the "t^e cell” in microscopic 
sections may be nearly impossible. 

In the first part of the dassification given below 
the tumors are arranged in order of frequency and 
their terms are formed by affixing "oma” to the 
name of the cell of origin, viz., astrocytoma, oligo- 
dendroc)'toina, microglioblastoma, neurocytoma, 
fibroblastoma, histiocytic sarcoma, etc. How’cver, 
if the tumor cell is poorly differentiated, it has 
become the accepted practice to denominate the 
tumor by the name of the embryologtc precursor 
of that cell. A poorly differenb’ated astrocytoma 
thus is called a glioblastoma; an oligodendrocytoma 
becomes an oligodendroblastoma; a neurocytoma 
is referred to as a neuroblastoma. Special terms 
have had to be introduced to denote tumors whose 
cell of origin is uncertain but has resemblance to 
some particular embryologic clement; e g , the 
medulloblastoma is used to designate the small-cell 
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tumor of the cerebellum in children, beb'CT’ed to 
be deri\ed from the "indifferent’’ cells of Schaper. 
In general, as witli all tumors, the less the degree 
of differentiation, the greater the malignancy-. 

In addition to the tumors derived from these 14 
"tj-pe cells,” others originate from cells orduianly 
not part of the ner\'ous system. They may arise 
from “cell rests” tlmt are left in the meninges or 
substance of the brain o\%’ing to some fault in 
embryologic development, e g., ectodermal cells 
from sVin or mucous membranes uhich p\e rise to 
Rathke pouch cysts, craniopharyngiomas, and cho- 
lesteatomas, or lipocytes from which the rate lipo- 
mas arise. 

Finally there is a group of tumors which affect 
the brain secondarily, that is, they arise lo some 
other tissue and extend to the brain and, tateW. 
the spinal cord Of these there are two groups — 
those uhich reach the ner\’ous tissues the blood 
stream, l.e„ metastasize, such as the caranoma and 
the sarcoma; and tliose which hai’e their source in 
the epidural and osseous tissues that envelop the 
brain and uhich invade the meninges and cerebral 
tissues by direct extension, e.g., chordoma, osteo- 
blastic sarcoma, lymphocyloma, lymphoblastoma, 
plasmocytoma, Hodgkin’s granuloma and sarcoma, 
etc. 

For the student of medicine the most important 
facts to know are (1) that many types of tumor 
occur In the cranial cavity and spinal canal and 
that certain ones are much more frequent than 
others (pp. 1813 and 1814); (2) that some of these 
tumors, such as the craniopharyngioma, meningi- 
oma, and schwannoma, have a disposition to grow 
in certain ports of the cranial cavity; (3) that their 
growth rates vary, some like the glioblastoma being 
highly malignant, others like the meningioma being 
benign; and (4) that there are differences in the 
growth bcharior of these several tumors, some 
being inv.isiie, others rompressive. These patho- 
logic peculiarities are important for they have valu- 
able clinical conebtions, providing the explanation 
of slowly or rapidly progressive clinical states, ex- 
cellent or poor prognosis after surgical excision, etc. 
It is for these reasons that the clinicbn is encour- 
aged to learn a histologic ckissification and to think 
always in terms of particular types of intracranial 
and inlraspinal tumors. 

The one pkice where these pathologic-cimical 
correlations tend to faQ is in the glioma group 
of tumors, i e., astrocytoma — glioblastoma scries; 
and tliis is regrettable because tumors of this type 
are so common. Often these gliomas are of mixed 
cell type. For example, one part of the tumor may be 
a typical astrocytoma and another an oligodendrocy- 
toma. Also the degree of differentbtion or its oppo- 
site, the degree of anaplasia, varies from one part 
of the tumor to another. As wxiuld be expected 
^with such heterogeneous growths, a bJop^- sample 


cwssincATioN or intracr-v.vial 

A.VD INTR-ABPl.XAL TC1IOR3 

I. Primary tumors of 

A. Nervous parenchyma 

1. Blaatomaa of glbl origin 

a. Gliobbstomaa Csomorphic, heteromorphiej 

b. Astroblastomsa 
£. Astrocytomas 

d. EpendjTOoma felioepitlieliomas) 

e. Oligodendrocytomaa 

2. Blastemas of neuronal origin 

0 . Neuroblastomas (some medulloblastomas) 
b Neurocytomas 

B. Menmges 

1. Meningioma or araclmoidal fibroblostoma 
(meningoexothelioma) 

2. Fibroblostoraas 

3. Reticulum cell sarcomas 

■1 Hemangioblastomas (including Lindau's cj'ri) 

5. Other, e g , tnebnocarcinomas 

C. HiT>ophysis and Rathke’s pouch 

1 Cliromophobe, chromopbd adenomas of pitui- 
tary gbnd 

2 Cnmiopharjngiomas, etc. 

D. Developmental origin ("rest cell'' tumors) 

1. Teratomas 

2 Epidermoids (eliolcstcatomas) and dermoids 

3. Lipomas 

4 Anpomas (vascular malformations) 

B. Adnexal organs in the brain 

1. Choroidal tumors (papillomas, epitbeiiomss, 
adenocarcinomas) 

2. Pineal tumors or pincalomos (pincocytoma*. 
piDeoblaalomas) 

r. Nerves 

1 Neurinomas 
2. Neurofibromas 

3 Plexiform ueuromM 

Secondary tumota (cranial, spinal, cxtracranhl, ex- 
traspinal) 

A. Tha»c arising outside the cenlnil norxous system 
and metastasizing via the blood stream 

1 Carcinoma (most frequent: lung, breast, kid- 
ney, colon; infrequent: stomach, bile duct-* 
liver, IhjToid, testicle, ovary, uterus; hardly 
ever metastasizing to thebrain:prostate, esoph- 
agus, pancreas, skin, mucous membranes) 

2 Sarcoma (rhaWomyosarcoma, osteogenic sar- 
coma, leiomyosarcoma, fibrosarcoma) 

B. Tho«o arising in cranial bones and enclosed para- 
nasal sinuses, vertebral bodies, and epidural tis- 
sues 

1. Carcinoma of paranasal sinuses 

2. Transitional cell epilheliomaa from tissue of 
pharynx 

3 Aletastatic carcinomas which metastasize to 
bone (prostate, breast, thyroid, etc ) 

4 Multiple myeloTna and plasmacytoma, and 
other lymphomas including Ilodgkin’s disease 

5. Cbloroma 

6. Chordoma 

7. Osteogenic and fibrosarcoma of l>one 
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is often quite misleading with reference to the 
expected clinical behaNior of tl<c tumor. For ex- 
ample, tlie clinician may be led to believe lliat a 
tumor which in a biopsy is composed of astrocj'teS 
is benign, whereas actually the main mass of it 
still in the brain is a glioblastoma; or a small 
nodule of glioblastoma in an excised specimen may 
suggest a hopeless prognosis when actually the 
remainder of the tumor in the brain is a w'ell- 
diffcrcntialed astroc)'toma. 

The ckssificalion on p. 1812 is modified from 
that of the Spanish histologist Rio del Hortega. 
It represents his last great contribution to medical 
Science and is based on a meticulous study by silver 
impregnation methods of the cell types of nearly a 
hundred brain tumors. 

ImpUcit in the histogcnclic theor)’ is the notion 
first advanced by Cohnheim-— that the type cell 
from which the tumor originates is a primitive un- 
diQcrcntiated clement that has resided within the 
ner\'ous system since the earliest embryonal period. 
Tills is a liV-cly explanation of certain teratomas, 
dermoids, hamartomas, and other tumors appar- 
ently derived from "cclJ rests," but there Is no evi- 
dence that this hj'potlicsis is applicable to the 
gliomas and meningiomas. Indeed the careful stud- 
ies of experimental tumors suggest that under cer- 
tain conditions normal-appearing, wcU-difTcrenti- 
ated glial cells may be induced to undergo neo- 
plsstic mctamorpliosis. And the more malignant 
forms of tumor appear to bo due to anaplasia and 
not to failure of differcnti.'ition. Tliesc facts can 
also be established when a succession of biopsies 
of any one tumor is arranged in a series accoraing 
to eel! type (cf. Kemohan ) and in the study of the 
histopathology of tumors by whole-brain sections 
which show the relation of the diiTercnliatcd to the 
nondiHerentiated parts (Scherer). 

INCIDENCE 

Most of the available statistics on tumors of the 
central nenous sj’stem have been collected in spe- 
cial neurosurgical clinics and are somewhat mis- 
leading, for they fad to reveal their natural inci- 
dence in an unselected popuLition. The figures in 
Table 286-2, compiled by Peer, are thus rather ex- 
ceptional, for they avoid this error of selection and 
represent the natural incidence of these tumors in 
postmortem material during the period 1900-1930, 
at a time when very little neurosurgery was being 
performed in the hospital from which they were 
taWn (Boston City Hospital). 

These data reveal that the central nervous sj'S- 
tem and its enveloping tissues are fruitful sofi for 
tumor grosvth and, further, that the hulk of these 
tumors are gliomas, metastatic tumors, and menin- 
giomas. The increasing rarity of gummas and tu- 
berculomas, noted in all patJiologic material from 


ToM« eSS-S. i.VCTDENCE or i.vrnAcnANUL and 

INTRASPISAL ‘TCUOTW AT BOSTON CITT UOSPITAU, 

lDOO-1930 

Tout AUtoptif* 10.592 

ToUi aumber of tufflon ... 1,458 

Tumon ot other oreftns 1 ,270 

latneraDial aod mtrupiaal tuoiots .... 163(127%} 

GlMtnaa .. ... 81(13.1%} 

ntuiury adpRomai C (3 2%} 

Sheath tumor* . ... 32(11.7%) 

atcaioaMnu . . IS 

AettusUe neuroma ... 4 
MetatUtio tumor* .. 39(15.4%) 

niooil vewpl tumor* . . 0 (3 0%) 

Congeoilat tumor* . 8 (4^%) 

Granulomss 19(101%) 

Spiaal eonl tumor* 4 (2.1%) 

tiacluBifted ... 13 (7.1%) 

the United St.ifes during the past two decades, leads 
to the belief that far less than 10 per cent of intra- 
cranial growths are of granulomatous nature; and 
llie rising age of the population and the increasing 
frequency of all types of tumors would probably 
raise the figures for secondary tumors. Of the glio- 
mas, appro.ximateIy half are glioblastoma multi- 
forme, ond the remainder are divided between astro- 
cytoma, oligodendroglioma, epend>’moma, medullo- 
blastoma, and undiagnosed gliomas. All statistics 
show the peak age incidence lo be the fifth decade 
of life. With a fairly symmetric curve which reflects 
the lessening incidence at the extremes of age- 
infancy and the senescent period. In children, tu- 
mors of the posterior fossa (medulloblastomas, 
ependymomas, ond gliomas) predommatei in 
adults, supratentorial tumors (glioblastomas, menin- 
giomas, and metastatic carcinomas) are more fre- 
quent. Males appear to be more susceptible to in- 
trinsic tumors of the brain (gliomas) than females, 
the ratio being 2:1. In contrast the meningioma 
occurs more frequently in elderly women. 


INTRACRANIAL TU.NfORS 
Fathophysiolog!/ 

The cranium, according to the Monro-Kellie law, 
contains three dements — nerx’ous tissue, blood, and 
cerebrospinal fluid — the total bulk of w'hich must 
always be constant. Any increase in the volume 
of the brain, for example, can take place only at 
the expense of one of the other elements, and a 
diminished volume of brain is compensated by an 
increase in the amount of cerebrospinal fluid. The 
cerebrospinal fluid pressure, while reflecting the 
x’olume of the intracranial mass, is largely main- 
tained by the pressure under which the blood is 
delh'ercd to the skull. In profound shock the cere- 
brosputal fluid pressure falls, and at death it is 
zero. 

\Vhen a tumor or other space-occupying mass 
forms in the crani.il cavity, the volume of ccrebro- 
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spinal fluid witJiin the subarachnoid and ventricu- 
lar spaces is reduced and tlie cerebrospinal fluid is 
displaced into the spinal and perioptic subarach- 
noid spaces. Soon, however, the limits of these 
adjustments are surpassed, and the pressure 
throughout the ventricles and in all parts of the 
subarachnoid space rises. Presumably the reins in 
the cerebral tissues adjacent to the tumor are com- 
pressed, svitli resulting increase in capillary pres- 
sure locally — the conditions necessary for regional 
sweJhng, or edema. Inasmuch as any general in- 
crease in venous pressure results in retarded 
absorption of cerebrospinal fluid and an increase m 
its volume, the pressure in the subarachnoid space 
and reins is nearly the same at all times. If the rise 
in cerebrospinal fluid pressure is slow, the stasis 
of blood resulting from this elevated S’enous pres- 
sure can be compensated for by vasodilatation of 
arteries and arterioles, and cerebral circulation is 
unimpaired. If the rise is rapid and to high levels 
approaching diastohe blood pressure, the blood 
pressure must rise, usually the s}'stolic more than 
the diastolic, in order to maintain cerebral bloo<l 
flow. As a rule tliis is accompanied b\' a slow, 
bounding pulse. Under these conditions, the ve- 
locity of cerebral blood Dow again approaches nor- 
mal. Presumably these circulatory refietes, which 
result in the rise of blood pressure and bradycardia, 
are initiated by venous stasis and accumul.'ttion of 
carbon dioxide in the vasomotor center in the 
medulla oblongata. Tlie respiratory centers also be- 
come affected, for increases in Intracranial pressure 
usually cause an inegulanty and Anally a cessation 
of respiration. 

These changes in blood pressure, pulse, and 
respiration, which w'ere studied by Kochcr and by 
Cushing in 1901, are of the greatest importance in 
the dime, for they may afford valuable clues as to 
ffie existence of increasecf infracraniaf pressure- 
Not less valuable is tlie papilledema, or "choked 
disk,” that can be seen with an ophthalmoscope in 
the optic fundi of most patients who have elevated 
intracranial pressure of more than a few’ days 
standing. The papilledema is best accounted for 
by the high pressure in the subarachnoid space 
surrounding the optic nerves. Hie veins that drain 
the reluia, as they course back along the (^tic 
nerves en route to the cavernous sinuses, are 
blocked, creating a Ijinphedema of the nerve head. 

Raised intracranial pressure due to a mass or 
enlargement of the ventrides {blockage of cerebro- 
spinal fluid circulation), when severe, causes ob- 
tundation of cerebral function. This is manifested 
clinically by a number of characteristic sy-iuptoms 
(see p. 303) and electroencephalogfapfricaily by 
diffuse slowing of the electrical activity of the 
cortex. 

Another extremely important anatomic fact is 
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Uiat the closed cranial “box" 1$ subdivided into 
fairly rigid comp.irtmcnts by two infolclings of 
dura mater, one the falx, which lies between the 
two cerebral hemispheres, and the other the teri. 
torium, which separates the cerebellum from the 
occipital lobes. These anatomic arrangements anj 
the opening at the base of the skull through which 
the spinal cord and medulla are joined leave iht&e 
important apertures, the foramen magnum, the ten- 
torial opening or "notch," and the subfolcial Or 
supracaUosal space. A tumor growth in one com. 
partment, say tlie right middle cranial fossa, raises 
the pressure in that compartment more than in the 
others, and either brain or tumor tissue tends to 
be displaced along lines of least resistance, ie., 
through the suhfalcial space to the left half of the 
cranial cavity and through the tentorial opening 
into the posterior fossa on the right side. These 
brain displacements are exceedingly dangerous ftnij 
contnLiitc. ns a rule, to the death of the patient h 
most cases of intracranial tumor, abscess, trauma, 
and subdural and epidural hemorrhage. Tlie fem- 
poral lobe-lcniorial hernia is said to stretch the 
ipsikatcral oculomotor ncnc (Hutchinson’s piipil-^ 
a dilated pupil on the side of a lesion, and also a 
drooping cvehd); to displace and compress the 
midbrain with resulting stupor or coma, bibtera] 
pyramidal signs (often greater on the side of the 
hernia), dewrcbrnic postures of extension of alj 
four extremities, and perhaps irregularity and final 
arrest of respiration; and to distort and partially 
block the aquctluet of Sylvius and to narrow the 
pcriroescncephalic subarachnoid space with hy- 
drocephalus and rising intracranial pressure Also, 
the posterior cerebral arteries may be occluded on 
one side or both sides, with infarction of the occipi- 
tal lobes. The cercbellar-foramen magnum pres- 
sure cone (herniation of cerebellar tonsils), in 
vvfiicfi ffic cerebellar tissue or tumor mass fs dis- 
placed into the cervical spinal canal with compres- 
sion of the medulla oblongata, results in tilting ot 
altered posture of the head, dilated pupils, impair- 
ment of consciousness, and death due to respiratory 
arrest The phj’siologic and clinical effects of sub-. 
foldal liemiation arc not known. 

Herniation of the floor of the third ventricle and 
adjacent parts of the brain into the sella turcica 
may, i£ acute, be accomparried by marked reduc- 
tion in vision and, if chronic, cause enk-irgcment of 
the sella and atrophy of the pituitary gland. 

A knowledge of these effects of elevated intra- 
cranial pressure and of the herniations and dis- 
placements of tissue is necessary if one is to under- 
stand the clinical behavior of intracranial growths. 
Symiptoms and signs of brain tumor depend not on 
the invasion and deslniction of important nervous 
structures alone but also on the pressure phe- 
Qomena. 



THE NERVOUS SYSTEM 
Clinical and Pathologic Characteristics 

As was pointed out by Badey, the intracranial 
tumors are far too heterogeneous to be treated as 
a whole. The origin, structure, sjTiiptoms, and 
treatment of each pathologic entity must be con- 
sidered separately. This can be done in either of 
two w’ays — by taking up seriatim each of tiie spe- 
cial 1)7)65 of tumor, i.e., following a scheme based 
on pathology with the chnical manifestations of 
each tumor type being added; or by making a 
purely clinical approach, presenting the common 
syndromes created by intracranial tumors and then 
offering only a few relevant points with respect to 
pathology. The latter scheme is followed here. 

It may be said at the very outset that tumors 
of the brain may exist vrith hardly any symptoms. 
Often only a slight deficiency in mental power, a 
slowness in comprehension, or a loss of capacity 
in sustaining continuous mental activity suggests 
any deviation from normal health. Specific signs 
that would lead to a suspicion of any real cerebral 
disease may be wholly wanbng. In some patients, 
on the other band, there is evidence of cerebral 
disease in the form of a seizure or some other 
symptom, but the eWdence is not clear enough to 
warrant the diagnosis of a cerebral tumor. In a 
third group, the existence of a new growth in the 
brain may be determined with much probability 
by the presence of signs of elevated intracranial 
pressure, but there are no symptoms which warrant 
localization of the grov/th. Lastly, the symptoms 
may be so dear and definite as to make it probable 
not only that there is a new growth within the 
cranium but that it is located in one particular 
region In fact these localized growths may create 
unique tumor syndromes, unlike those of any other 
disease. 

These are the plain facts of clinical observation; 
in the further exposition of this subject, therefore, 
all intracranial tumors are considered in relation 
to the common clinical circumstances in which they 
are likely to be encountered, as follows: 

1. The patient whose presenting symptom is 
either a decline in general mental ability or a 
seizure. 

2. The patient with unmistakable evidence of 
raised intracranial pressure. 

3. Specific intracranial tumor syndromes. 

Tlie Patient with General Symptoms of Cerebral 
Disease or a Seizure as the Main Complaint, In 
genera] practice or on the wards of the hospital, 
these are the patients who give the most trouble 
in diagnosis and about whom decisions are often 
made with a great degree of uncertainty. Thdr 
S)Tnptoms arc general, as a rule, and not until 
some time has elapsed will signs of focal brain 
disease be added; and w'hcn they do, they are not 
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always of accurate localizing value. Altered psychic 
function, headache, giddiness, and seizures com- 
prise die usual syTnptomatology in this group of 
patients. 

As pointed out by Knapp, some change in men- 
tal function may be found in nearly every patient 
of tliis type, but it may be necessary to obtain 
observations of a person who knows the patient 
intimately to learn of it. A lack of power of persist- 
ent apph'cab'on to the tasks of the day, an undue 
irritability, emotional lability, a "pecidiar inertia,” 
faulty insight, forgetfulness, inability to retain im- 
pressions, indifference to social practices, lack of 
initiative and spontaneity, all of which may be 
attributable to worry, anviety, or depression, are 
the usual symptoms. Much of this behavdor is 
accepted by the patient with forbearance, and if 
he has any complaint it is of being weak, tired, 
dizzy (nonrotational), or “queer in the head." In- 
ordinate drowsiness, a remarkable equanimity, and 
stoicism may be prominent findings. These sjinp- 
toras become more persistent and obtrusive with 
the passage of time. Usually within a few’ weeks or 
months the drowsiness and mental dullness in- 
crease. This curious inertia and lack of spontaneity 
then become even more conspicuous and are evi- 
dent during the inten’iew. The patient seems 
strangely indifferent to the questions of the exam- 
iner. A long pause precedes each reply, and at times 
he may not bother to respond at all. Or at the very 
moment when the examiner has decided that the 
patient has not heard the question and prepares to 
repeat it, an appropriate, sensible answer is given, 
usually io relatively few words. The responses are 
usually much more intelligent than would be ex- 
pected from the torpid mental state. There are, in 
addition, patients who are confused or demented 
(see Chap. 37). The dullness and somnolence 
may ^dually increase and finally, as increased 
intracranial pressure supervenes, end in coma. 

Mental symptoms of this tjpe cannot be ascribed 
to disease in any particular part of the brain. S. A. K. 
Wilson has expressed the opinion that tumors are 
most likely to be accompanied by intellectual dis- 
turbance when they interfere with large association 
fiber systems such as the corpus callosum, inferior 
and superior longitudinal fasciculi, etc.; growths 
limited to the cortex and subcortical white matter 
are less likely to affect the mind. The drowsiness, 
torpor, inertia, lack of spontaneity, and general re- 
striction of mental horizon are usually related to in- 
creased intracranial pressure and are unrelated to 
the site and nature of the lesion. 

The headaches in the “tumor p.ilienl” may vaiy 
eaccedingly. In some the pain is slight, temporary, 
and dull in character; in others it may be severe 
and unendurable, being cither dull or sharp, hut 
as a rule transitory or intermittent. If there are any 
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cbaractcrisdcs of the headache, they are its noc- 
Uimal occurrence, its presence on first awahening, 
and its deep nonpulsatile quality. Howes’cr, these 
are not specific attributes, since irugiaine, hyper- 
tensive vascular headaches, etc., may also begin 
early in the morning on first awakening. The pa- 
tient does not always complain of tlie pain es’cn 
when it is present, and often he betrays its exist- 
ence bj' placing his hand on his forehead and look- 
ing distressed. 

The mechanism of the headache is not Icnowm. 
In the majority of instances, the intracranial pres- 
sure is normal during the first weeks when the 
headache is present, and one can attribute it only 
to distortion or alteration of blood vessels in or 
around the tumor. Later the headache appears to 
be related to rises in intracranial pressure. The 
location of the headache bears some rclalicm to the 
situation of tlie growth. Tumors aboi'e the tento- 
rium cause headache on the side of and in the 
\idnity o! the tumor, usually in the orbital, frontal, 
temporal, or parietal regions. Tumors in the poste- 
rior fossa usually cause ipsilateral rctroauricuLir or 
occipital headache. With elevated intracranial pres- 
sure, bifrontal and bioccipital headache is the rule, 
regardless of the location of the tumor. 

Vomiting appears in about one-third of the pa- 
tients with tumor syndromes of this type and usu- 
ally accompanies the headache. It is more frequent 
with tumors of the posterior fossa Some patients 
may vomtt unexpectedly and forcibly, without pre- 
ceuing nausea {projcrtile vomiting), but others 
suffer both nausea and great pain. Usually the vom- 
iting is not related to the ingestion of /ood, often 
occurring before breakfast. 

No less frequent is the complaint of gidrf/nm or 
dizziness. As a rule it is not described with accu- 
racy and consists o! a more or less confused sensa- 
tion in the head, coupled >vilh feelings of strange- 
ness and insecurity when its position is altered. As 
such it can be assi^cd bttic or no localizing value. 
Its alleged relationship to labyrinthine stasis, or 
“choked ear," is difiicull to verify. The labyrinthine 
function in such cases is usually normal. True rota- 
tional vertigo may also occur and usually signifies 
disease of the eighth nerve, medulla, or cerebellum. 

One or more generalized convulsions is the other 
major symptom which calls attention to the exist- 
ence of cerebral tumor. Their frequency in various 
statistical analyses is 20 to 50 per cent of all pa- 
tients with cerebral tumors. The onset of a seizure 
during adult years and the existence of a localizing 
aura are always suggestive of tumof. The localizing 
significonce of seizure patterns has already been 
discussed (see Cliap 30). The seizures may occur 
once or many times ond may precede other symp- 
toms for as long as 10 years or more in cases of 
..^astrocytoma or meningioma. The manner in whidi 
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a cerebral tumor can cause a seizure is not known. 
The majority of the tumors involve the cerebral 
cortex, tliough a few cerebellar tumors will be ac- 
companied in the late stages by a generalized 
seizure for a reason that usually cannot be deter- 
mined. 

The manag^emeni of palients who present an^ 
one of the afore-mentioned symptoms requires brief 
discussion. The physician is well advised, whenever 
he encounters any clinical problem of this type, to 
consider the possibility of a cerebral tumor in its 
early stages. A careful inquiry should llien be made 
conceming the rest of the symptoms of this com- 
plex In other words, if cither a recurrent headache, 
of a ^pe which the patient recognizes as different 
from hte customary headaches, or a seizure, appear- 
mg for the first time, has occurred, there is indi- 
cation for a careful review of the patient’s general 
behavior. In obtaming further data, one must rely 
he.avjy on the observations of other members of 
the family A thorough neurologic examinah'on 
with careful inspection of optic fundi, a test of 
visual fields, motor, reflex, and sensory functions in 
the limbs, alertness, memory, facility in language 
(spealdng, reading, writing, and understanding the 
spoken word), calcul.ition, tests of vJsuospatial 
orientation must fellow. Sooner or later other re- 
gional or localizing symptoms and signs will be 
discovered, and it is only by repeated examinations 
that one will note the earliest stages of a hemipare- 
sis, aphasia, visual field defect, hemianesthesia, etc. 
(For the Interpretation of these localizing symptoms 
and signs the reader is referred to Chaps 37, 3S, 
and 40.) Unmistakable signs of increased intra- 
cranial pressure may become manifest and establish 
the diagnosis of tumor with reasonable certainty 
(see Astrocytoma, below). 

The necessity of performing confirmatory diag- 
nosbe tests will be realized sooner or later, and the 
decision as to tlie appropriate time for doing them 
rcqmres balanced clinical judgment. Since many of 
the symptoms described above are in no way spe- 
cific, one should rely on repeated and thorough ex- 
aminaUons ond should not proceed too quickly to 
expensive and difficult diagnostic tests. Watchful 
waiting without unduly alarming the paUent is the 
best plan for a certain period. As more of the clin- 
ical ptetmre unfolds, however, there comes a time 
when x-roys of the skull and chest (always done to 
help rule out metastatic carcinoma), lumbar punc- 
ture (for pressure, cells, protein, and V'asser- 
mann), and localizing electroencephalogram should 
be made, preferably by admitting the patient to a 
hospital. Perimetry, audiograms, vestibular tests, 
and psychometric tests are also helpful in the shidy 
of many of these pabents. Pneumoencephalography 
and carotid arteriography arc reserved in most 
medical neurologic clinics for those in whom the 
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tolal clinical syndrome is already strongly sugges- 
tive of tumor. These procedures are too costly and 
hazardous to be used routinely in every “tumor 
suspect.” One proceeds on the basic assumptions 
that tumor symptoms and signs are progressive and 
that tlie treatment of tumors of the brain may pro- 
ceed satisfactorily from the point at which diagno- 
sis becomes fairly obvious from the clinical facts 
alone. Experience teaches that little gain comes 
from attempting early diagnosis and early opera- 
tion before signs are well established. This point 
will be further discussed under Treatment. 

Tumors Which Tend to Produce General Cere- 
hral Symptoms or Seizures. The following tumors 
arc most likely to produce initial commlsSons or a 
vague syndrome of headache, giddiness, vomiting, 
dull or stuporous state, and psychic changes: glio- 
blastoma multiforme, astrocj^oma, oligodendrogli- 
oma, metastatic carcinoma, meningioma, and pri- 
mary reticulum cell sarcoma of the oerchmm. 

GLIOBLASTOMA MULTiFOBxtE. In all Statistic 
analyses of surgical and postmortem material, glio- 
blastoma multiformc is responsible for more than 
25 per cent of intracranial gliomas and for more 
than 90 per cent of gliomas of tlte cerebral hemi- 
spheres in adults. Approximately 20 to 30 per cent 
o! the cerebral tumors are bilateral, occupy more 
than one lobe of a hemisphere, or show muUicen- 
trie foci of growth. Although predominantly cere- 
bral in location, similar tumors may be observed in 
the brain stem, cerebellum, or spinal cord. The 
peak incidence is in middle adult life, but no age 
group is spared. 

The glioblastoma is a highly malignant tumor 
which infiltrates the brain extensively and may 
attain enormous size. It may extend to the menin- 
geal surface or the ventricular wall, which probably 
accounts for the elevation of protein (often over 
100 mg per 100 ml) in many cases and sometimes 
a pleocytosis of 10 to 100 cells or more, mostly 
lymphocytes. The tumor has a variegated appear- 
ance, being a mottled gray, red, orange, or brown, 
depending on the degree of necrosis and whether 
hemorrhage is recent or old. It is highly vascular, 
and in an arteriogram one can often see a net- 
work of abnormal vessels, mistaken at times for a 
hemiangioma, and the displacement of normal ves- 
sels which may result from any "mass lesion.” Some 
part of one lateral ventricle is often distorted, and 
both lateral and third ventricles are displaced con- 
tralaterally, which may be demonstrated by pneu- 
moencephalography or ventriculography. The ves- 
sels in the tumor are excessively pcnneable to 
fluorescein, radioactive arsenic, etc., which is 
the basis for radioactive scanning techniques. Cal- 
cificatiorv and cavity formation are not prominenL 
The characteristic microscopic pathologic findings 
are great ccllularity with pleomorphism of cells and 
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hyperchromatism of nuclei; identifiable astrocytes 
with fibrils in combination with astroblasts, tumor 
^ant cells, and cells in mitosis; a curious neoplastic 
proliferation of the cells of small vessels (ad\'en- 
tltial and endothelial); necrosis, pseudopalisading 
of viable cells, hemorrhage, and thrombosis of 
vessels. Temporal lobe-tentorial herniation, mid- 
brain compression, midbrain and pontine hemor- 
rhages, and increased intracranial pressure are usu- 
ally the immediate causes of death. At autopsy the 
tumor is often seen spreading along cerebrospinal 
fluid pathways (scedings around spinal cord and 
Cauda equina), but metastasis outside the cranio- 
vertebral cavity is almost unheard of except post- 
opcratively when dura, scalp, and draining cervical 
nodes are invaded. 

Clinically the diffuse cerebral symptoms and seiz- 
ures (present in 30 to 40 per cent of cases) usually 
give way to a more definite frontal, temporal, 
parietooccipital, or callosal syndrome in a few 
weeks or months. Seldom, however, do the symp- 
toms .and signs point to one lobe, and often one is 
satisfied to be able to specify the region of the 
hemisphere which Is involved. When the corpus 
callosum is invaded, as it so often is, the so-called 
"callosal sj’ndrome” (apathy, drowsiness, forgetful- 
ness, apractic and agnostic disturbance) may pre- 
cede or follow other latcrahzing signs. Increased 
intracranial pressure usually follows the other neu- 
rologic signs There are no other important clinical 
abnormalities. The sedimentation rate, white cell 
count, and hemoglobin remain normal. Survival for 
more than a few months or a year after operation 
is e.YCeptiona) and should lead one to question the 
accurai^ of histologic diagnosis. 

ASTnocTTOMA. Thc astrocytoma may occur any- 
where in the brain or spinal cord. Favored sites are 
cerebrum, cerebellum, thalamus, optic chiasm, and 
pons. It is a slowly growing tumor of infiltrative 
character with a marked tendency to undergo some 
type of degeneration, ivith the formah'on of large 
cavities or pseudocysts. In some mstances much 
of the tumor may be composed of a pseudocyst 
surrounded by a thin border of astrocytic tissue, 
and the only sizable mass of tumor tissue may be a 
mural nodule. Others of these tumors are noncavi- 
tating. grayish-white, firm, and relatively avascular, 
almost indistinguishable from normal white matter, 
with which they may merge imperceptibly. Cal- 
cium deposits may occur in parts of the tumor and 
may be seen in a plain x-ray of the skull. The cere- 
brospinal fluid is acellular, the only abnormality 
being the increased pressure and elei’afed protein 
in some cases. The tumor by its mass may distort 
die lateral and third ventricles (seen in pneumo- 
eocephalogratn or ventriculogram) and may be 
seen to displace the anterior and middle cerebral 
arteries in a carotid arteriogram Microscopicall)’ 
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the tumor tissue is composed of NveU-diffcrentiated 
asfrocj'tcs of fibrillary, protoplasmic, or transitional 
tjpe. 

Tlie majority of cerebral astrocytomas undergo 
malignant degeneration and present as mixed astro- 
cytomas and glioblastomas In 94 gliomas studied 
post mortem by Scherer, of which 18 were astro- 
cj'tomas, all but 5 showed areas of gjioblastoma 
multiforme. This fact, as well as the frequent find- 
ing of fiber-forming astrocytes throughout the tu- 
mor (obviously tumor cells and not reacting astro- 
cytes), has led Kemohan and his associates to con- 
clude that the glioblastoma, nstroblastoma. and 
astrocytoma are all derived from mature astrocytes 
which have undergone various degrees of ana- 
plasia. Thus the glioblastoma is an astrocytoma of 
grade 4 malignancy, and the astroblastoma Is of 
grade 2 or grade 3 malignancy. The authors’ ob- 
servations are, for the most part, in agreement with 
tills opinion, though one must admit the possibility 
that glial tumors of other cell types upon becoming 
anaplastic might occasionally gi\e rise to a glio- 
blastoma. The astroblastomas fall between the as- 
trocytoma and glioblastoma in both clinical and 
pathologic characteristics. 

The astrocytoma may cause trivial synuptoms for 
a long period of time. Seizures, headaches, and bi- 
zarre mental symptoms may be present for several 
years, in a few instances more tharv 10, before the 
diagnosis is made. The average survival penod 
after the first symptom is 67 months In cerebral 
growths and 89 months in cerebellar ones The 
cystic astrocytoma of tlie cerebellum is particularly 
benign, and some patients are alive and well as 
long os 20 y'cars after part of the cyst was excised. 
Here of course accuracy of the original diagnosis 
of neoplasm is always open to question. Tlie astro- 
cytoma of the pons, optic nerves, and chiasm will 
be discussed in more detail later on in this chapter. 

OEicoDENimocnoMa. The oligodcndrocytoma is 
a relatively rare cerebral tumor (5 to 10 per cent 
of gliomas) and is usually slow in its rate of growth 
(average span of evolution is 66 months). It is 
generally a soft solid tumor, rarely cystic or licmor- 
rhagic, and through its tendency to calcify (spher- 
ules and particles of calcium in microscopic scc- 
tiotis) often casts a shadow in the roentgenogram 
of the skull. Microscopically it is composed of small 
round cells with spherical nuclei and cytoplasm 
that stains poorly, forming a halo around the nu- 
cleus Seizures arc uncommon, and generalized or 
focal cerebral symptoms may be present for a long 
time before tlic mass of the tumor declares its 
presence by increased intracrani.il pressure. 

FPCSOYMOMA AND EFFM>YMORt.ASTOVrA. Al- 
though occasionally this tumor presents as a soli- 
tary mass in a cerebral hemisphere in adults, pre- 
sumahly arising from the ependymal wall of the 
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lateral ventricle, its most distinctive form is a papil- 
laiy growth filling the fourth ventricle of children. 
It will be discussed further on p. 1821. 

MEKIN'CIOMA (AnAClINOIDAL FIBRODLASTOMA A^U 

esdothelioma). Tliis is a benign tumor composed 
of specialized arachnoidal lining cells, orisii''g 
usually in places where there are arachnoidal villi- 
Smee these clusters of arachnoidal cells penetrate 
tlie dura in the vicinity of the venous sinuses, th^y 
often appear to originate from the dura itself, lience 
the old lenn “dural endothelioma." Grossly tlie 
turnon are firm, gray-whitc lobulated, bulbous, or 
plaquelike masses wliich indent or compress but (lo 
not Inv-ade brain tissue. Many of them are highly 
vascular. In size they are variable; some are only 
a centimeter or two in size ond are turned up As 
incidental findings at autopsy. Others, usually those 
which have produced symptoms, have attained a 
size of 3 to 4 cm or more. The cellular composilic’u 
permits easy identification. The cells are of uniforiu 
type and have the peculiar disposition to encircle 
one anodiCT and to form characteristic whorls and 
psammoma bodies. The common sites of these tu- 
mors are the olfactory groove, tuberculum sella^* 
parasagittal region, Sylvian fissure, ccrebellopoi)- 
tine angle, and spinal canal Inasmuch ns they 1'® 
on the surface of the brain in or next to the ourAt 
changes in the skull are frequent, The skull mty 
be c^ed over the tumor ond the diploic vesselt> 
which provide part of the blood supply of ih® 
tumor, dilate, and are unusually prominent in a^ 
x-ray. Or the tumor cells may invade the bone and 
stimulate osteoblastic activity, as a consequence t’* 
which a bony bulge may be seen ond felt, or a” 
endostosis is visualized on the inner table of the 
skull in an x-ray. The meningioma must be listed 
with metastatic carcinoma and the true cholestea- 
toma ax the three tumors most likely to c.iuse ^ 
visible <xiaial m xelatvow to cexebtal symptoms 
(benign exostoses are neurohgIcaUij asijmpii^ 
fwatic). Offering a broad vascular meningeal sur- 
face as they do, these tumors often elevate the 
protein of the cerebrospinal fluid. Their striking 
vascularity accounts for a characteristic “blush 
seen in arteriograms; and the excessive pcrmeahik 
ity of the vessels, as well as the superficial location 
of the tumors, make them ideal subjects for locali- 
zation with radioactive isotopes. Tlie displacement 
without invasion of ccrebrm tissue probably ex- 
plains the interruption locally of normal alpha fre- 
quencies in the electroencephalogram with sharf 
waves or theta waves, in contrast to the dcItA 
waves so often found in infiltrative gliomas. Multi- 
ple meningiomas may be found, particularly 
cases of neurofibromatosis. 

These tumors may be found at any age but ari' 
more frequent in advanced years, especially it' 
women. Their slow growth is reflected in the Iciu^ 
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duration of sjTnptoms in many cases, and their 
indentation of cerebral cortex explains the high 
incidence of focal convulsions. Aside from the 
general cerebral disorder and seizures, those tumors 
which occupy special locab’ons create unique syn- 
dromes. Some of these wU be discussed later, 
starting on p. 1823. 

AiETASTATic CABCiNOMA. Of tbc sccondoiy tu- 
mors of the brain only metastatic carcinoma will be 
discussed here because the other tumors that me- 
tastasize to the brain are decidedly rare. Carcino- 
mas reach the brain by hematogenous spread. 
Probably 33 to 40 per cent come from the lung, 
and approximately 15 per cent each from the 
breast, gastrointestinal tract (usually colon or rec- 
tum), and kidney. Melanotic carcinoma of the skin, 
carcinoma of the stomach, gallbladder, liver, thy- 
roid, testicle, uterus, ovary, etc., account for the 
remainder, no one of them usually being responsi- 
ble for more than 3 or 4 per cent of secondary 
tumors of the brain. Carcinoma of the prostate, 
esophagus, oropharynx, or skin (except for melano- 
carcinoma) rarely if ever is disseminated in the 
brain. In more than 75 per cent of cases the metas- 
tases are multiple and are scattered through both 
the cerebrum and cerebellum, often near the sur- 
face and involving white matter, cortex, and me- 
ninges. The hypemephtoma and thyroid carcinoma 
have a greater tendency to form solitary metastases 
than other tumors, and as with the chorioepithe- 
lioma and some lung tumors, the metastases are 
likely to be hemorrhagic. The tumor tissue gen- 
erally has all the gross and microscopic features of 
any carcinomatous implant and excites rather little 
glial reaction but much edema. 

The usual clinical picture in metastatic card- 
noma of the brain has already been described un- 
der Glioblastoma Mulbforme. However, a number 
of other rather striking clinical neurologic 
dromes also occur. One that is particulaiy difficult 
to diagnose is a widespread carcinomatous me- 
ningocnccphafopafhy with headache, ncrxousness, 
depressed mood, trembling, mental confusion, and 
forgetfulness, the whole picture looking very much 
like that of general paresis. Carcinomatosis of the 
cerebellum with headache, dizziness, and ataxia, 
the ataxia being brought out only by basing (he 
patient walk, is another difficult condition to diag- 
nose during life. Such patients may be regarded as 
hysterical until sudden death due to a cerebellar 
pressure cone terminates the illness. Here the me- 
tastases may be more or less L'miled to the midluie 
structures of the cerebellum. Symptoms and signs 
referable to one or several cranial and spinal ners’e 
toots may be combined with headache and confu- 
sion in \\idcsprc.nd carcinomatosis of the cranio- 
spinal meninges (carcinomatous meningitis). Usu- 
ally die cerebrospinal fluid contains a few \v)utc 


CHAP. 2S6 1S19 

blood cells (lymphocytes) and an elevated protein. 
Tumor cells can often be identified in Papanicolaou 
stains of cerebrospinal fluid sediment, and if many 
are present in the meninges, the sugar values may 
be subnormal, even as low as 0. 

When the syndromes due to these several Nxirie- 
ties of metastatic tumor are fully developed, diag- 
nosis is relatively easy. If only headache and vom- 
iting are present, a common error is to explain 
these symptoms on a psychologic basis. One should 
make a psychiatric diagnosis only if the patient 
bas the standard symptoms of the mental illnesses 
(see p. 369). A lumbar puncture, with a chest 
x-ray (positive in 75 per cent of cases of metastatic 
tumor of brain), and other x-rays (gastrointestinal 
series, barium enema, and pyelograms if symptoms 
point to these organs) are advisable. The metabolic 
neurologic syndromes which accompany carcinoma 
but which are not due to tumor invasion of the 
central nervous system (multiple neuropathy, espe- 
dally with carcinoma of the lung), polymyositis, 
and spinocerebellar degeneration (ovarian and 
other carcinomas) should also be kept in mind. 

TVMOnS OF INFCCTIVE OniCIK (cRA.VULOMAS AND 

PARASITIC cysts). Tubcrculoma is much less fre- 
quent in the United States than it was 20 years 
ago, and gumma has become almost nonexistent 
In fact a patient with serologic syphilis and a posi- 
tive Wassermann reaction of the cerebrospinal fluid 
has a greater chance of having two diseases, a cere- 
bral tumor and asymptomatic ncurosyphihs, than a 
gumma. The tuberculoma may occur in any part 
of the brain, but in children it is more likely to 
develop in the posterior fossa, i.e., in the cerebel- 
lum or brain stem, than in the cerebrum. Often 
there ore a small number of cells and an increased 
protein content in the cerebrospinal fluid because 
the lesion frequently lies contiguous to the me- 
ninges; and it may at any time give rise to a tu- 
berculous meningitis w'ith tjpical cerebrospinal 
fluid formula (50 to 300 cells, increased protein, 
decreased sugar content and decreased chloride con- 
tent). 

In South America tuberculoma and gumma arc 
much more frequent, and one can usually depend 
on evidence of disease in other parts of the body, 
especially the lungs, and ch-aracferistic changes in 
the cerebrospinal fluid (see Chap. 32) to indicate 
the nature of the lesion. In addition, cystiecrcus 
cellulosac and hydatid cysts are common lesions 
and should always be suspected when seizures, io' 
creased intracranial pressure, or diffuse cerebral 
^mptoms develop in the adult. X-rays of the skull 
and skeletal musdes (e.g., thigh) may rcve.al ch.nr- 
actcrisUc calcific deposits in cysticcrcosis. Torula 
and other fungous granulomas and Schistosoma 
faponictim infection may also present as space- 
occupying cerebral lesions. 
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Patients with Unmistakable Signs of Increased 
Intracranial Pressure ^Vhen First Seen. A certain 
number of patients show all the characteristic 
sjTnptoms and signs of increased intracranial pres- 
sure Iperiodie bifrontal and bioccipital headaches 
which a%vaken him during the night or are present 
upon awakening, %omiting that may or may not be 
expected and projectile, mental torpor, and pa- 
pilledema (see Chap. 32)) when first seen. The 
physician confronted with this clinical problem is 
forced to take immediate action, for tlie condition 
is potentially dangerous A critical nse in intra- 
cranial hypertension may occur at any time and 
result in coma, tcspiratoiy arrest, and death. Ad- 
mission to a hospital with a neurosurgical service 
IS therefore usually urgent. Nevertheless all the 
medical aspects of the patient’s problem should 
first be worked out. 

Three questions demand Immediate answers: 
(1) Poes the patient have a space-occupying in- 
tracranial lesion? (2) ^Vhere in the cranij cavity 
is it situated? (3) What is its nature? With respect 
to the first question it is well to keep In mind that 
a number of medical conditions may simulate an 
intracranial growth that causes only the general 
symptoms of increased intracranial pressure Tliesc 
are (1) "pseudotumor cerebri," (2) hypertensive 
encephalopathy. (3) chronic pulmonary disease 
with hypwcapnla and hypoxia, (4) chronic ad- 
hesive arachnoiditis and/or aqucductal stenosis. 

(5) thrombosis oC cerebral veins and dural sinuses, 

(6) Addison’s disease with encephalopathy or hy- 
poparalhyTOidism uith papilledema. Several of 
these conditions have been discussed elsewhere in 
this book, and it is sufiicient to mention them 
briefly; others have not been considered before 
and will be discussed in detail. 

VitudaiumoT Syndromes. In llip condition of 
pscudotiimof' cerebri (meningeal hydrops) the pa- 
tient, more often than not a young woman, com- 
plains of headaches of some weeks’ standing and 
when first examined is found to have papilledema, 
or choked disk, with slightly constricted visual 
fields and enlarged blind spots Otlier neurologic 
signs, uath the occasional excepb'on of a vague 
dizziness, diplopia due to a slight abducens weak- 
ness, or paresthesias of some part of (he body, are 
conspicuously absent, and the patient appears re- 
markably “bright" and well. The cerebrospinal fluid 
is acellular with normal protein content, and a 
ventriculogram reveals small or normal-sized ven- 
tricles. M’lth daily, then biweekly, then weekly 
lumbar punctures to lo'ver the cerebrospinal fluid 
pressure, most of the patients gradually recover 
over a period of weeks to months Extremely high 
cerebrospinal fluid pressure with qiisodes of cloudy 
vision (obscurations) may herald the onset 
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blindness and require a right subtemporal decom- 
pression as an emergency measure. The cause of 
the condition is unknown. Extreme hypertension 
(diastolic pressures of 120 mm or over), retinal 
arteriolar changes with hemorrhages and exudates 
in the periphery of the optic fundi, signs of renal 
disease, ami headache, convulsions, confusion, stu- 
por, cr coma are the basis of the diagnosis o! hyper- 
tensive encephalopathy (see p. 1789). Chrmlc 
emphysema or other lung disease, with cyanosis, 
dyspnea, cough, signs of cor pulmonale with right- 
sid^ congestive heart failure and secondary poly- 
cythemia, may be attended by bilateral papille- 
dema, elevated cerebrospinal fluid pressure, high 
venous pressure, severe headache, drowsiness, stu- 
por, or coma and a peculiar lapse in the posture of 
the outstretched limbs and other contracted skeletal 
muscles (flapping movements or asterixis similar to 
the fl.ip in impending liver coma). The finding of 
an elevated carbon dioxide-<ombining power and 
diminished arterial oxj’gen concentration substan- 
tiate the diagnosis. Chrottic adhesive arachnoidi- 
tis due to chronic fibrosing meningeal diseases such 
as syphilis, postspinal onesthesia arachnoiditis, and 
cryptogenic meningeal diseases may be attended bj’ 
headache, papilledema, seizures, blindness, para- 
plegia, or quadriplegia. The cerebrospinal fluid 
protein may be normal or elevated, with or with- 
out a "dynamic block"; and the lateral and third 
ventricles are enlarged in the vcntriailogrom 
Sypldhs and the other chronic meningitldes trAy 
also cause aqucductal stenosis owing to a prolifera- 
tive gUotic ependvTnitis, with enlargement of ll« 
lateral and thirti ventricles (see Chap. 32) 
Thrombosis of the jugular veins and of the lateral 
and posterior parts of the superior sagittal sinus 
may result m increased intracranial pressure, with 
otherwise normal cerebrospinal fluid and small 
ventricles (see Chap. 284). Several cases of unex- 
plained papilledema with headache, drowsiness, 
and confusion and elevated cerebrospinal fluid 
pressure have been observed in conjunction with 
Addison's disease (Jefferson) and also in rare cases 
of bypnparathjToidism. The mechanism is not 
known Retrobulbar neuritis of demyelinative type, 
if It extends to the optic nerve head, may cause a 
papillitis with elevation and edema of the optic 
disk and ev en hemorrhages around the disk. There 
is invariably on early development of a marked im- 
pairment of vision and large central scotomas. The 
prominent visual change and the absence of cbnical 
and laboratory evidence of increased intracranial 
pressure distingiush tliis condition from true papil- 
ledema, and also from pseudopapilledema (spuri- 
ous papilledema) and tortuosity of retinal veins — a 
normal ophthalmoscopic picture in some patients, 
cspcdally those with matked hyperopia- Severe 
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anemia may also cause hemorrhages, exudates, and 
a suspicion of papilledema, which may at timw be 
confused with the retinal picture of neoplasm. 

“raUc Localizing Signs” If tlie clinical findings 
permit the exclusion of the afore-mentioned condi- 
tions, there is reasonable certainty that the patient 
has an intracranial grosvth. The problem then is to 
search for signs that will localize the lesion. In 
doing this, se\’eral pitfalls must be avoided. One 
common source of error is to place undue reh'ance 
on a sign which proves to have no localizing value 
whatsoever. With experience in this field one comes 
to distrust any symptom or sign which develops 
late, after headache and increased intracranial pres- 
sure has’e been established, for it often turns cut to 
be a “false localizing sign.” Under these circum- 
stances drowsiness, slowness in response, inatten- 
theness, and emotional blunting can be found as 
often with cerebellar as with cerebral growths. Uni- 
lateral or bilateral abducens palsy is another com- 
mon false localizing sign (Collier), and reference 
has already been made to the drooping eyelid, di- 
lated pupil, ipsilaleral hemiparesis and bilateral 
Babinski signs, and coma in temporal lobe hernia- 
tion. Jacksonian and generalized seizures and ipsi- 
lateral or bilateral pyramidal signs may be observed 
ui the advanced stages of a cerebellar tumor. On 
the other hand, relatively slight focal signs that 
may be easily overlooked are sometimes the only 
clues as to the localization of the tumor. Examples 
are ataxia of gait (but not of limbs) and head tilt 
in cerebellar tumors, paralysis of upw.ird gaze \vith 
the Argyll Robertson pupillary phenomenon in 
pincalomas, pale optic disl^ and chiasmal field de- 
fects in craniopharyngiomas, homonymous visual 
inattentiveness and sensory extinction (seepp. 1823 
and 1824) in posterior cerebral tumors, and a facial 
asymmetry in emotional expression in frontal tu- 
mors. 

Tumors 'Which Tend fo Produce 'Elecated Intra- 
cranial Pressure tcithoui Conspicuous Locolizing 
Signs. The tumors most likely to cause increased 
intracranial pressure with few or no focal or lateral- 
izing signs are medulloblastoma, ependymoma of 
the fourth ventricle, hemangioblastoma, pinealoma, 
colloid cysts of the third ventricle, gh'omas of teg- 
mentum of the midbrain blocking the aqueduct, 
and craniopharyngioma. In addition, in many of 
the cerebri gliomas discussed above, particularly 
those of the corpus callosum and frontal lobes, 
increased intracranial pressure may precede focal 
cerebral signs. 

MEOuuLOBUASTOMA. This IS 3 rapidly growing 
tumor which arises in the posterior part of the 
^’e^nis of children. The midline part of the cerebel- 
lum may be invaded and completely dcslrcn’ed. 
The tumor also fills the fourth ventricle and com- 
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presses the medulla. The tonsils of the cerebellum 
are forced down into the cervical spinal canal 
(cerebellar pressure cone) in fatal cases. Seedings 
of the tumor may be seen on the xvalls of the third 
and lateral ventricles, on the meningeal surfaces of 
die brain, and around the spinal cord. The tumor is 
solid, reddish gray in color, and poorly demarcated 
from the adjacent brain tissue. It is very cellular, 
and the cells are small, closely packed with little 
cytoplasm, many mitoses, scant stroma, and a tend- 
ency to form clusters or pseudorosettes As already 
stated, these cells resemble the “indifferent cells” 
which may be observed in the embryonic or fetal 
brain and are thought to be capable of differentia- 
tion into either glial cells or neuroblasts. Bailey and 
Cushing introduced the name medulloblastoma in 
1925. Although meduUoblasts as such have not 
been described in the fetal or adult human brain 
and the cell type is not known for certain, the term 
is retained if for no other reason than its familiarity. 
In adults a somewhat similar neuroblastoma of less 
malignant character may anse in the cerebral hem- 
isphere. 

The dinical picture is distinctive. Typically, the 
patient, a child of five to ten years, becomes list- 
less, vomits repeatedly, and has a morning head- 
ache. The first diagnosis which suggests itself may 
be gastrointestinal disease or abdominal migraine 
Soon, however, a stumbling gait, frequent falls, and 
a squint lead to a neurologic examination and the 
discox’ciy of papilledema. Ataxia of the limbs may 
be absent at all times (see Chap. 27 on tlie syn- 
drome of flocculonodular lobe) Decerebrate at- 
tacks (tonic cerebellar fits) may occur in the late 
stages of the disease. The tumor is highly radio- 
sensitive, and surgery ivith x-ray treatment may 
prolong life for severid years. 

EPENDYMO.XtA AND PAPILLOMA OF THE POUIVni 
VENTniCLE. This tumor also anses from the ivalls 
of the fourth ventricle in children. It is a firm, xvhit- 
ish lobulated growth composed of small cells ar- 
ranged in the form of smaU rosettes around vessels 
or central dear areas and containing blepharoplasfs 
in their cytoplasm. Mitoses are absent; if present, 
they mark the tumor as an ependymoblastoma. Tli»‘ 
clinical syndrome is much like that of the medullo- 
blastoma except for the absence of ataxia of gait- 
The tumor is not very sensitive to x-ray, and sur- 
gical removal offers the only hope of survival. Tise 
papilloma or papillary adenocarcinoma of the 
choroid plexus of the fourth ventricle gives rise to 
a similar syndrome but lends to occur later in 

1IEMANC10BLASTOMA OF THE CEREBELLUM, 

disease of Lindau was described in Chap, 2^3, 
Dizziness, ataxia of gait or of the limbs on one 
s>Tnptoms and signs of increased intracranl-i) p/^ 
sure, and in some instances a retinal angioma ixt,- 
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Hippcl’s disease) and polycythemia constitute the 
neurologic sjudrome. Familial incidence is well 
known. Cmniotomy with opening ol llie cerebelbr 
cyst and excision of the mural hemangioblasto- 
matows wodvile may be curative. 

piNEALOMA. This may be either a leraloma or a 
glioma of the pineal gland The teratoma is a firm, 
discrete noninvasive mass which usually reaches 3 
to 4 cm in greatest diameter. It compresses the 
superior colliculi and sometimes the superior sur- 
face of the cerebellum, with narrowing of the arpie- 
duct of Sylvius Often it e.ttends anteriorly into the 
third ventricle and may then compress the hypo- 
thalamus Microscopically it is composerl of large, 
spherical epithelial cells (much like those of a semi- 
noma), separated by a netrvork of reticular con- 
nective tissue which contains many lymphocytes. 
Tile gliomas have the usual morphology of an astro- 
cytoma of varying degrees of malignancy Chil- 
dren, adolescents, and young adults, either male or 
female, may bo affected. In some cases the clinical 
SiTidrome consists solely of symptoms and signs of 
increased Intracranial pressure, and the diagnosis 
can be made only by a ventriculogram which re- 
veals the tumor. The most characteristic symptom, 
however, is an inability to look upward (Parinaud's 
syndrome), with slightly dilated pupils which react 
on accommodation but not to light Sometimes 
ata-sia of the Lmbs, choreatic movements, or spastic 
weakness appears in the later stages of the illness. 
A Torkildscn ventriculo-cistcma magna shunt of 
cerebrospinal fluid and x-ray therapy hav-e been 
remarkably successful In controlling the ftTnptoms. 
Attempts at surgical removal of the tumor nav’e usu- 
ally proved fatal. 

COLLOID (pARArinrSEAL) CTST Of THE TIIIRO VEN- 
TRICLE. This Is a papillomatous structure always 
situated in the anterior extremity of the third ven- 
tricle between the interventricular foramens and 
attached to the roof of the ventricle. Usually it is 
about a centimeter in diameter, is oval or round 
with a smooth external surface, and is filled \vitli a 
glairy colloid material. The svall is composed of a 
layer of epithelial cells surrounded by a capsule of 
fibrous connective tissue. These benign cj'sls may 
exist for long periods of time; they produce neuro- 
logic symptoms by blocking the tliird ventricle and 
causing an obstnictive hydrocephalus. This tumor 
should be suspected when the following clinical 
syndromes are found: dementia with or xvithout 
headache, intermittent severe bifrontol-hioccipital 
Iieadaches, sometimes modified by’ posture (baQ- 
valve nbstniction of the third ventricle), crises of 
headache with obtundation, bilateral pareslbcaas, 
dim vision, and weakness of legs xvith sudden falls. 

cRANioriiAnYSCioMA (suprasellar or ratiiee's 
POUCH CTST, irrPOPIlVSEAL DUCT TL'XIOnS, ADAMA-e- 

Tis'OMAs, AMELODLASTOMAs). Tliis is 3 benign con- 


genital or "rest cell” tumor. By tlie time it has 
grown to a diameter of 3 to 4 cm it is almost always 
tystie. Usually it lies above the sella turcic.i. de- 
pressing the optic chiasm and extending up into the 
third xcntricle. Less often it is subdiaphragmatic, 
i e , within the sella, where it compresses the pifui- 
laiy body, erodes one part of the wall of the sella 
or a clinoid process but seldom balloons the seUa 
like 3 pituitary adenoma. The tumor is oval, round, 
ot lobulatcd and has a smooth surface The wall of 
the cyst and the solid parts of the tumor consist of 
cords and whorls of epithelial cells, often with inter- 
cellular bridges and keratohyaUn, separated by a 
loose network of stellate cells. The cyst contains 
dark albuminous fluid and cholesterol crystals. Cal- 
cium deposits are found in nearly all of them and 
can be seen in plain x-rays of the suprasellar region 
in about 40 per cent of cases. The sella beneath the 
tumor tends to be flattened and enlarged Tliis is 
more often a tumor of children than of adults, but 
patients of all ages may be seen with it. In chil- 
dren. adiposity, delayed cr infantile physical and 
sexual development (Froehlich's syndrome or 
Lorain syTidrome— see Chap. 283), headaches, 
vomiting, dim vision with chiasmal field defects (see 
p. 274). optic atrophy or papilledema comprise 
the clinical picture In adults, w.Tning libido, amen* 
oirhea, sb’ght spastic weakness of the legs, head- 
ache without papilledema, and mental dullness and 
confusion are often found. Later drowsiness, dia- 
betes insipidus, and disturbances of temperature 
regulation may occur, indicating hypodialamic In- 
volvement (seep 274). 

In the differential diagnosis of these several tu- 
mor syndromes o careful clinical analysis is often 
more import.int than laboratory procedures. Arteri- 
ography and electroencephalography are not so 
helpful as in cerebral tumors The tests which, 
though somewhat hazardous, are likely to gwe the 
most useful information are the air ventriculogram 
or a combined xentriculogram-pneumoencephalo- 
gram and the Pantopaque ventriculogram (injec- 
tion of radiopaque fluid). 

Tumors of the Posterior Fos«i and Third Ven- 
Irich in Infancu and Earhj ChiWwod. Any discus- 
sion of tumors of the brain would be incomplete 
if some reference ivcre not made to intracranial 
tumors of infancy and childhood, for they often 
create clinical problems of a special type. Fully 
two-thirds of tumors before the age of puberty are 
medulloblastomas, ependymomas, cerebellar astro- 
i^tomas, and pontine gliomas, are situated in the 
posterior fossa, and produwi increased intracranial 
pressure. Hence this brief digression is appropriate 
at this point in tlie general e.xposition. 

As staled in Chap. 283 in the section on con- 
genital hydrocephalus, the cranial sutures do not 
dose until about the time of puberty, and an eleva- 
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tion of intracranial pressure, especially if it ocoirs 
in the first months and years of hfe, results in 
separation of sutures and enlargement of the head. 
This is evident by inspection, by head measure- 
ment, and in x-rays, and it is also demonstrated by 
finger percussion of the parietal eminence of 
shut!, which produces a peculiar sound as though 
a cracked cup or bowl were being tapped (hfacc- 
wen’s sign). The separation of sutures by enlarging 
the intracranial cavity permits temporary resb'tu- 
tion of intracranial pressure and amelioration of 
symptoms. Papilledema does not develop if the head 
enlarges. 

The cardinal symptoms of a posterior fossa tumor 
in an infant or small child are different from those 
of the adult. They consist of weakness, vomiting, 
and unsteadiness of gait. TThese symptoms may fluc- 
tuate in severity, tending to subside temporarily 
with further separation of sutures. The vomiting 
may be prominent and occur at any time of day. 
Often is it not preceded by nausea. An erroneous 
diagnosis of "cyclic vomiting” or vomiting due to an 
emotional disturbance may be made. Urdrtce vomit- 
ing due to intraabdominal disease, this vomiting is 
not accompanied by abdominal pain. Weakness and 
listlessness are also present but are more difficult 
to interpret. Headache is seldom a complaint, and 
seizures are rare. 

In tumors of the vermis of the cerebellum 
(medulloblastoma), the ataxia of gait and disin- 
clination to walk (see Chap. 27 on the vermis sym* 
drome), without evident incoordination of the 
movements of arms or legs, can usually be demon- 
strated by careful observation. In astrocytoma or 
hemangioblastoma of one cerebellar hemisphere, 
the ipsilateral arm and leg are ataxic (see Chap. 
27 on the syndrome of neoceTebellum), and a 
nystagmus which is much coarser on looking to the 
side of the lesion than to the opposite side is 
present. Also, the head is often tilted with tumor 
of the cerebellaT hemisphere, the ear on the side 
of the tumor being brought toward the shoulder. 
The ipsilateral arm is hypotonic and s>vings less 
than the contralateral one in walking. Gene^ hy- 
potonia and bilateral extensor plantar reflexes are 
late signs and are of less value in localization. 

These cerebellar signs, when added to the gen- 
eral picture desenbed above, regardless of whether 
or not papilledema is present, point to the posterior 
fossa as the site of a tumor, hlore difficult to diag- 
nose are the patients with only signs of hydro- 
cephalus. This condition may come about xvidi a 
medulloblastoma arising in the upper vermis and 
filling the fourth ventride or w'ith an ependymoma 
arising from either the roof or the floor of the fourth 
Ventride. Occasionally a craniopharyngioma may 
cause only hydrocephalus, hut then a peculiar docil- 
ity, an appearance of maturity due to greater inter- 
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est in mental than physical activities, and a retarda- 
tion of growth may be helpful signs in identifying 
a lesion within the W’alls of the third ventricle. 

In later childhood, separation of sutures and 
head enlargement are slight, and headache and 
papilledema are die common signs of increased 
intracranial pressure, just as in the adult. 

Patients witli Symptoms and Signs of a Slowly 
Progressive l.esion in a Particular Region of the 
Cranial Cavity. In this condition general cerebral 
symptoms and the signs of increased intracranial 
pressure occur late or not at all. The physician ar- 
rives at the correct diagnosis by being able to 
make an anatomic or regional diagnosis from a set 
of neurologic findmgs and by reasoning that the 
etiology must be neoplastic because of the slowly 
progressive nature of the illness. Special x-rays of 
the skull, cerebrospinal fluid examination, and de- 
pending on the location of the disease, either pneu- 
moencephalography or arteriography will usually 
confirm the clinical impression. 

The following tumors produce unique syndromes 
usually diagnostic of a special type of tumor. 

ACOUSTIC NEUnOFJBBOMA OR NEUMNDMA. This 
slowly growing benign tumor may occur as a soli- 
tary lesion or as a part of the syndrome of neuro- 
fibromatosis. By the time of operation the tumor 
has usually attained a size of 4 to 6 cm in diameter. 
It arises from the extramedullary part of the eighth 
cranial nerv'c, usually within the internal auditory 
meatus, where the intracranial part of the nerve 
first acquires the histologic character of a peripheral 
nerve, i.e., has Schwann cells and fibroblasts. The 
space in which it lies is the cerebellopontine angle, 
i.e., between the cerebellum, pons, and medulla 
posteriorly, the petrous pyramid anteriorly, and the 
tentorium above. The internal auditory meatus is 
usually enlarged (visible in x-rays), the middle 
cerebellar peduncle and the anterolateral part of 
the cerebeUum are depressed, and the trigeminal, 
facial, glossopharyngeal, and vagus nerves are 
displaced and stretched over the surface of the 
growth. The fourth ventricle is deformed, displaced, 
and narrow'cd (wsible in a pneumoencephalogram), 
and there is hydrocephalic enlargement of the 
aqueduct and of the third and lateral ventricles 
in the late stages. The tumor is vascular, and the 
surrounding cerebrospinal fluid has a high protein 
content (cerebrospinal fluid protein of 300 mg 
per 100 ml or over is not infrequent). The micro- 
scopic picture is that of a typical neurofibroma (axis 
cylmders mixed with masses of fibrous connective 
tissue in interlacing strands, palisaded nuclei, and 
mononuclear giant cells without mitoses). The 
typical clinical syndrome, which usually occurs in 
adult men or women, is tinnitus, deafness, and ro- 
tational vertigo [seldom in discrete attacks as in 
M^eres syndrome (see p. 293)] of several j ears’ 
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standing, folio" ed by stiff neck and postauricular or 
suboccipital pain, spasms and twitching or slight 
weakness of the face, parestliesias or pain in the 
face, dysphonia and dvsphagia, and homolateral 
cerebclbr alxxia of the arm and leg. Headache, 
vomiting, and choked disk are late findings. Varia- 
Uons of this s>’ndrome ate numerous. Early in its 
dcrclopmcnt only progrossis-e deafness, tinnitus, 
and vague vertigo may bo present, and the ab- 
normal audiogram, imp.iircd vestibular function, 
elevated cerebrospinal fluid protein, widened in- 
ternal auditory meahis, and obliteration of the lat- 
eral recess of the fourth ventricle in n pneumo- 
encephalogram must be depended upon for diag- 
nosis. Dementia may later be the presenhng ^-n- 
drome, and the deaf ear may be overlooker!. Uni- 
lateral cerebellar ataxia and dizziness may predom- 
in.nte, and definite signs of involvement of the fifth, 
sev’enth, and eighth cranial nerves may not be 
found. The trcatiiicnt is surgical excision. 

The trigeminal or gasserian ganglion ncurmoma 
and meningioma of the ccreheJloponiine angftf may 
be indistinguishable from an acoustic neurinoma. 
Thej’ should always be considered If early tinnitus 
and deafness and an unresponsive labyrinth ("dead 
labyrinth”) are not the initial symptoms of the 
cerebellopontine angle sradrome. A true chcHes- 
ieatoma of the temporal bone may simulate this 
clinical picture, but usually the facial weakness is 
early and severe, the ear is deaf, and labynnthino 
function is absent, whereas the other cranial nerve 
signs, cerebellar ataxia, and increased intracranial 

K ressute arc absent. The liimor of the glomus fiigu- 
•.re (a flat ovoid body, found in the adventitia of 
the jugular bulb, immediately below the floor of 
the middle ear and near the ramus tymp.anicu$ of 
the nlntli crani.al nerve) may, like the acoustic 
neurofibroma, basal meningioma, metastatic cancer, 
s)’pfuyitic meningitis, neurotr6roma of otfier craniaf 
nerves, and vas^ar malformation, cause unilateral 
lower cranial nerve palsies (sec p. 293). It is a 
purplish-red, highly vascular tumor composed of 
large epithelioid cells in an alveolar pattern and an 
abundant capillary network. Fartial deafness, facial 
palsy, dj-sphagia, and unilateral atrophy of the 
tongue, combined with a vascular polyp in the 
auditory meatus and a palpable moss below and 
anterior to the mastoid eminence, often with a bruit, 
comprise tlie syndrome. The jugular foramen is 
eroded (visible by x-ray), and the cerebrospinal 
fluid protein may Iw elevated. Women are affected 
more than men, and U»e peak incidence is during 
middle adult life. The tumor grows slowly over a 
period of many years, someb'mes 10 or more. The 
treatment Is x-ray radiation. 

THE PfTviTAKV AorNOMAS. Thcsc tumoTS, which 
arc so common, patticuUrly in l.vtc adult Wc, often 
are discovered when a patient begins to complam 
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of a visual disturbance. A unilateral or biJ.vt^ral 
temporal hcmi.inopi.a progressing to blindness, vvith 
optic atrophy, is the usual finding and, with x-ray 
evidence of an expanded sella turcica, leads to a 
diagnosis of pituitary adenoma. As the growlh en. 
larges and extends laterally, an oculomotor palsy is 
occasionally seen, and large suprasellar extensions 
may involve the hypothalamus or temporal lobe, If 
there arc signs of acromegaly, one may assume that 
an eosinophilic adenoma is present; if not, and signs 
of pituitary insufficiency are present (amenorrhea 
widiout "hot flashes," sexual impotence, etc. — see 
Cliap 69), there is usually a chromophobe ade- 
noma. Basophilic adenomas, one of the causes of 
Cushing's syndrome, rarely if ever produce enlarge- 
ment of the sella or visual symptoms. The diagnosis 
is made from the endocrine picture (see Chap 
69). The cerebrospinal fluid is usually under nor- 
mal pressure, and protein is elevated only in e.tcep. 
ttonal cases. Other tumors may rarely expand the 
sella (craniopharyngioma), and there are also 
rather wide normal variations in its size. Hence the 
diagnosis of pituitary adenoma should not be made 
because of minor enlargements in the absence of 
neighborhood neurologic signs. In doubtful caset a 
pnenmoencephalogram permits visualization of the 
suprasellar extension of the tumor. Treatment jj 
x-ray radiation and, if vision is threatened despite 
x-ray therapy, either transnasal or transfrontal sur- 
gical excision 

MEXINCJOMA OF THE SELLAR TUBERCLE. This tU- 
mor arises from tlie region of tuberculum sellae, 
and as it grows it lifts the optic chiasm upward 
and backward. The optic nerves become stretched 
and separated. \Vilh further increases in size, it may 
expand anteriorly, compressing the olfactory bulbs, 
orpestenorly, compressing the hypothalamus. IVbcn 
the tumor is small, the only symptom is bitemporal 
fiemranopia; fater, bfindness 'luth optic atropfiy, 
anosmia, mental deterioration, hemiparcsis, undna.le 
seizures, oculomotor palsy, and amenorrhea are 
added. The diagnosis is made when a middle-agtd 
person is found to have a bitemporal hemianopia, 
normal-sized sella, and no signs of hypothalamic or 
pitoilnry involvement. Saccular aneurysm of tlie 
carotid artery and rarely craniopharyngioma, Cx- 
trasellar pituitary adenoma, and Boeck’s sarcoid 
may be confused with it. The treatment is surgical 
excision. 

AIENTNCIOMA OF THE SPHENOtn RIDGE. ThiS lUmoT 
arises from arachnoid cap cells over the lesser wing 
of the sphenoidal bone. As it increases in size, it 
may expand medially to encroacJi on structures In 
the wall of the cavernous sinus, anteriorly to invade 
the orbit, or laterally to erode or invade tlie tem- 
poral hone. Most prominent among the symptoms 
arc a slowly developing unilateral exophthalmos, 
slight bulging of the bone in the temporal region, 
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and roentgenologic evidence of thickening or ero- 
sion of the lesser uing of the sphenoid bone. Vari- 
ants of the clinical sjTidromc include oculomotor 
palsy or S}'ndrome of Fohe (p. 297), blindness 
in one eye with optic atrophy, anosmia (and some- 
times the Kennedy syndrome — see below), mental 
changes, uncinate fits, and increased intracranial 
pressure. Sarcomas arising from the skull bones, 
metastatic carcinoma, orbitoethmoidal osteoma, tu- 
mors of the optic nerve, and angiomas of the orbit 
must be considered in the differential diagnosis. 
Auscultation of the skull, x-ray of the skull, and 
carotid arteriography are helpful in differentiating 
these lesions. 

MENDfClOMA OF TirE OtFACTORT GROOVE. This 
tumor is a gro^vth deri^’ed from arachnoidal cap 
cells along the cribriform plate. The diagnosis de- 
pends on the finding of ipsilatcral or bilateral anos- 
mia, ipsilateral or bilateral blindness, often uith 
optic atrophy on one side and papilledema without 
atrophy on the other (Kennedy syndrome), and 
mental dianges. The tumors may reach enormous 
size before coming to the attention of the physician. 
The anosmia, if unilateral, is rarely if ever reported 
by the patient. The unilateral visual disturbance 
may consist of a slowly developing unilateral cen- 
tral scotoma. Confusion, forgcriulness, inappropri- 
ate jocularity (Witzclsiicht) are the usual psychic 
disturbances. The padent is indifferent to or jokes 
about blindness. Usually tliere are x-ray changes 
along the cribriform plate and an extremely high 
eetebtospina! fluid protein (200 to 400 mg). 

cuoMA OF THE BRAIN sTE>t. AstTOcytomas of the 
brain stem (formerly called "bipolar spongioblas- 
tomas") are slow-growng, firm, white infiltrating 
growths which insinuate memselves between tracte 
and nuclei. They produce a Anriahle dinicol pic- 
ture, depending on their exact location in the me- 
dulla, pons, and midbrain (see Chaps. 31 and 26 
for syndromes). The characteristic features, in the 
early stages, are signs of crossed motor or sensory 
disturbances, which always indicate brain stem dis- 
ease, and, as the lesion advances, an orderly suc- 
cession of new signs due to invohement of neigh- 
boring structures, and finally signs of bilateral dis- 
ease in the brain stem. Headache, vomiting, and 
papilledema occur late. The course is slowly pro- 
gressive over years unless some part of die tumor 
becomes more malignant (glioblastoma multi- 
fonne), in which instance the illness may terminate 
fatally within months. The main clinical problem is 
to differentiate between, this disease, multiple 
sclerosis, and vascular malformations of the pons. 
These so-called “intramedullary" or intrinsic brahi 
stem lesions may usually be distinguished from 
extramedullary compressive ones by (1) predom- 
inance of both tract and nuclear involvemoit in the 
former and of cranial nerve involvement in the 
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latter; (2) signs of involvement of special intra- 
medullary structures, e g., intemuclear ophthalmo- 
ple^a due to affection of medial longitudinal fascic- 
uli, or vertical nystagmus, which are rarely ob- 
served in compressive lesions of the brain stem 
Pneumoencephalography to visuoh'ze the fourth 
ventricle and aqueduct and occasionally vertebral 
arteriography are helpful in diagnosis. The treat- 
ment is x-ray radiation and if intracranial pressure 
is increased, a Torkildsen ventriculo-cistema magna 
shunt. 

CLIOMA OF THE OPTIC NERVES AND CHIASM. This 
tumor is often found in patients with von Reckling- 
hausen’s disease and, like the ^ioma of the brain 
stem, arises most frequently during the period of 
childhood and adolescence. The initial symptoms 
are dimness of vision with constricted fields, bizarre 
bilateral field defects of homonymous, heterony- 
mous, sometimes bitemporal type, blindness, and 
optic atrophy with or without papilledema. Hy- 
pothalamic signs (infantilism, adiposity, pol)'uria, 
somnolence, and genital atrophy) are common. 
X-rays reveal an enlargement of the optic foramen. 
With this finding and the lack of ballooning of the 
sella or suprasellar calcification, pituitary adenoma, 
Hand-Schiiller-Cbristian disease, and craniopharyn- 
gioma can be excluded. The treatment is surgical 
excision or x-ray, depending on the exact location 

ciioRDOxrA. Tins is a soft, jellylike gray-pink 
gronlh composed of cords or masses of large cells 
tilth granules of glycogen in their cytoplasm and 
often multiple nuclei and intercellular mucoid ma- 
terial. They are locally invasive but do not metasta- 
size. They may arise from any part of the base of 
the cranium or vertebral column, but the common- 
est sites are the base of the skull (from physaliphora 
ccchondrosis) or lumbosacral region (giving rise to 
a cauda equina syndrome) Those m the base of the 
skull create a remarkable clinical picture in tvhich 
all or any combmation of cranial nerve palsies from 
the second to twelfth on one or bodi sides are 
combined with a retropharyngeal mass and erosion 
of the clivus of sphenoid bone and the occiput. It 
is one of the five tumors that may present both as 
an intracranial and as an extracranial mass. (The 
other four are the meningioma, neurofibroma, glo- 
mus jugulare tumor, and carcinoma of sinuses or 
phaiy-nx.) The treatment is x-ray therapy. 

NASOPilARYNCEAL CROWraS WHICH ERODE THE 

BASE OF THE SKULL. These are rather common in a 
general hospital and arise from the mucous mem- 
brane of the paranasal sinuses or the nasopharynx 
near the eustachian lube, i.e., the fossa of Rosen- 
mueller (transilional cell carcinoma, Schmincke 
tumor). In addition to symptoms of nasopharyn- 
geal or sinus disease, nhich may not be prominent, 
facial pain and numbness (trigeminal), abducens 
pal^ (sixth cranial nerve), and other cranial nen-e 
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palsie s may occur. Diagnosis depends on inspection 
and biopsy of a nasopliaiyngcal mass, biopsy of an 
in\-olvcd cenical gland, and x-ray evidence of 
erosion of the base of the skull. The treatment is 
.x-ray therapy. 

Prognosis 

The prognosis of intracranial tumor is influenced 
by the nature of the growth, its location, and other 
factors As a general rule unless an operation is 
performed almost all intracranial tumors end fa- 
tally. Death in most instances is preceded by a 
critical rise in intracranial pressure and lentonal 
or foramen magnum herniation. The more roaUg- 
nant tumors, such as the glioblastoma multiforme, 
medulloblastoma, and metastatic carcinoma, end 
fatally within a year, as a rule, uhereas the slowly 
growing meningiomas and astrocytomas often per- 
mit sui^oval for many years. 

The prospects for recovery after surgery depend 
largely upon the type of tumor. 'I'lth meningiomas 
and acoustic neurofibromas, if completely excised, 
there may be a complete cure. In gbomas the out- 
look is more bleak. Cura is rare, for seldom can com- 
plete excision be accomplished. Nevertheless with 
the slow-growing gliomas, partial excision, the roar- 
supializabon of a cyst, the relief of increased intra- 
cranial presstire may lead to improvement and re- 
sumption of a useful life for many years. With 
metastatic grov.ths the outlook is dismal, though if 
there are no metastases in other organs and the 
cerebral deposit appe-srs to be solitary, operation has 
occasionally resulted in temporary recovery for a 
few months or a year or two. 

Treatment 

The treatment of primary intracranial tumors is 
surgical removal. Unless tlie patient is old or suf- 
fers some other disease which threatens to take 
his life within a few months, the brain tumor should 
be exposed by craniotomy and biopsied This 
craniotomy, which usually carries a mortality rote 
of 2 to 5 per cent, should be undertaken only when 
the di.agnosis of an intracranial space-occupying 
lesion is clearly established by clinical symptoms 
and signs and confirmed by one or more special 
diagnostic procedures The latter should be kept at 
a minimum; arteriography and ventriculography are 
in tlicmselves hazardous, particularly if done when 
intracranial pressure is high, and they add to the 
mortabty from craniotomy. 

The prenuum on early diagnosis is not so great 
as in tumors elsewhere in the body. In the vast 
majority of patients there is Jitlle prospect that an 
early diagnosis and operation will improve the sur- 
gical result or effect a cure. The beni^ surface 
tumors grow so slowly that one can usually tem- 
^ porizc for weeks or months, if diagnosis is uncer- 


tain, without significantly worsening the surgical 
outcome, provided of course that the operation is 
not delayed until high intracranial pressure has de- 
veloped. If the tumor is a glioma, the prospect of 
complete eradication, even willi early operation, is 
almost nil; hence little is lost by waiting a few 
weeks or months, provided the patient is not per- 
mitted to become comatose before being trans- 
ferred to the neurosurgeon, in which instance the 
chances of surviving the operative procedure are 
poor. By waiting for tlie clinical syndrome to evolve 
one avoids diagnostic errors (confusion of tumors 
with other diseases). 

Tlie physician's responsibilities in tins field of 
intracrani^ tumors ore (1) diagnosis — he must sep- 
arate the tumor cases from all the others which 
pass through his hands; (2) exclusion of the possi- 
bili^ that the intracranial mass is part of a general 
disease which would contraindicate suxgcr)’, je, 
metastatic carcinoma, sjpbilis, tuberculosis, para- 
sitic infections, etc.; (3) exclusion of the scvrral 
pseudotumoT SN-ndromes; (4) maintenance of th« 
patieol in the best possible condition, until surgery 
can be undertaken (fluids, electrolytes, eta)} (5) 
assisting the surgeon in the postoperative medical 
management. Deliydration, i.e., use of hjperttmie 
solutions (MgSO* by mouth or rcctaHy or 33 per 
cent urea or 50 per cent sucrose by vein (see p- 
1807)), may be of help as a palliative measure m 
tiding the patient over a bout of intracranial hyper- 
tension. In inoperable cases the objectives are to 
maintain the morale of the family and patient as 
long as possible and to provide inlelbgent suppor- 
tive therapy. 

In general, although the results of therapy are 
frequently disappointing, there are alwajs the few 
dramatic successes that serve as a perpetual stimu- 
lus to the physid.'in, and so it is always with the 
next patient that he hopes to achieve a cure. 

SPINAL CORD TUMORS 

Growths and other space-occupying lesions within 
the spinal canal can be conveniently divided info 
two groups, those which arise within the substance 
of the spinal cord and invade and destroy tracts 
and central gray structures (intramedullary) and 
those which arise outside tlie spinal cord (extra- 
medullaiy) from the vertebral bodies and epidural 
tissues (extradural), the meninges or roots (intra- 
dural). The relative frequency of spinal tumors ^ 
these different locations in a general hospital is 
about 5 per cent intramedullary, 40 per cent 
intradural-extramedullary, and 55 per cent extra- 
dural. The percentage of e.xlradural lesions in a 
general hospital population is usually higher than 
«v most TveuTDsurgical series (e.g., Elsherg's figures 
of 10, 67, and 15 per cent respectively), which 
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often do not include many of the lymphomas, 

metastatic carcinomas, etc., most of which are 

extradural. 

The cellular origin of the intramedullary ^'ontas 
has been mentioned in the section on intracerebral 
tumors. Tire proportions of tlic different cell types 
differ, however. Kemohan, who has had one of the 
largest series of pathologic cases, found all the 
gliomas represented in the spinal cord, hut ependy- 
moma was noted to make up 40 per cent, and the 
remainder were more or less evenly distributed 
amongst astrocytomas, glioblastomas, oligodendro- 
gliomas, ganglioneuromas, medulloblastomas, he- 
mangiomas, and hemangioblastomas. The heman- 
gioma is the common source of spontaneous hemato- 
myclia, and the hemangioblastoma may give rise 
to a syringomyelia. 

Pathologic Anatomy and Physiology 
Peculiarities of anatomic structure are decisive 
factors in determining the symptomatology of tumor 
grmvUis. The structure of the spine was described 
in Chap. 7, Pain in the Back, and Chap. 28S, 
Traumatic Diseases of the Brain and Spinal Cord. 
Tlie spinal cord hangs as a cylinder within it, 
being moored by the denticulate ligaments and 
spinal roots. There is a small sp.acc between the 
dura and vertebral column which contains fat and 
a venous plexus and is in communication with 
extradural tissues through the intervertebral fora- 
mens. Epidural growth— whether arising as direct 
extensions from the vertebral bodies, by hematog- 
enous dissemination in epidural fat, or extension 
through intervertebral foramens from an extra- 
spinal tumor— may displace and finally compress 
the spinal cord. Masses within the spinal canal 
may also interfere with its circulation, either by 
blocking the collateral vessels which enter through 
the intervertebral foramen along the roots or by 
direct compression of the veins which course longi- 
Uidinally on the surface of the spinal cord. 

Intramedullary growths both invade as well as 
compress and distort fasciculi in the adjacent white 
matter. As the cord enlarges from the tumor grow- 
ing Within it or is compressed from a tumor growing 
\vithout, the free space around the cord is con- 
sumed, and the cerebrospinal fluid below tire lesion 
becomes isolated or loculated from the test of the 
so-called "circulating cerebvospinal fluid” above. 
This can be demonstrated by a positive Quecken- 
stedt test (Chap. 32), Froin's syndrome, and intet- 
ruption of the flow of Pantopaque in the sub- 
arachnoid space (myelogram). 

Symptomatology 

Patients rvith spinal cord tumor are likely to 
manifest one of two clinical pictures, one a radicu- 
lar-spinal syndrome, nearly always painful, the other 
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a purely sensorimotor spinal tract or rarely a 
syringomyelic syndrome. 

Spinal Cord Compression. The predominant clini- 
cal syndrome relates to spinal cord compression. 
With I'ntraspinal tumors the onset of the compres- 
sive symptoms is usually gradual, over a period of 
weeks or months, and the course is progressive. 
The initial disturbance is likely to be motor, and 
often the distribution is asymmetric. With cervical 
lesions the order of motor impairment is first the 
arm, then the leg on the same side, nest the opposite 
leg, and finally the opposite arm. With thoracic 
lesions one leg usually becomes weak and stiff 
before the other one. Subjective sensory symptoms 
(tingling paresthesias) of spinal tract t^e take 
the same pattern. Pain and temperature are more 
likely to be affected than touch, vibration, and 
position senses and are contralateral to the maxi- 
mum motor weakness (Brosvn-S6quaid syndrome). 
Nevertheless the posterior columns are also fre- 
quently involved. The bladder and bowel usually 
become paralyzed coincident with motor paralysis 
of the legs. If the compression is relieved, there 
is recovery of these members of the body m the 
reverse order of their affection, the first part affected 
being the last to recover and sensory symptoms 
disappearing before motor. 

Compressive-iniiative Hadicular Syndrome. This 
syndrome of spinal cord compression is often com- 
bined with radiculaT pmn, i.e., pain in the distribu- 
tion of a spinal root. It is described as knifehke or 
as merely a dull ache with superimposed sharp 
pains which are intensified by cough, sneeze, or 
strain and radiabon in a distal direction, i e., away 
from the spine. Segmental sensory changes (pares- 
thesias, hyperalgesia, impairment of pam and 
touch) or motor disturbances (spasm, cramp, 
twitching, atrophy, fascicular twitching, and loss 
of tendon reflex) and an ache in the spine are the 
usual manifestations of a compressive-irritative le- 
sion of roots. Tenderness of spinous processes over 
the gio\vth is found in half the patients. These 
segmental changes, particularly the sensory ones, 
often precede the signs of spinal cord compression 
by months or years, if the lesion is benign. Sphincter 
disturbances usually appear late. 

The clinical findings upon examination are spastic 
weakness of the legs, in one leg more than in the 
other, with thoracolumbar lesions, and of the arms 
and legs with cervical lesions; a sensory level for 
pain on the trunk, below which pain sense is re- 
duced or lost; posterior column signs; and a spastic 
bladder under weak voluntary control. 

The diagnosis is established by x-rays of the 
spine (erosion of vertebras, widened spinal canal), 
lumbar puncture, and electromyography to demon- 
strate the fascicuI.it/ons resulting from involvement 
of motor roots. But the most important diagnostic 
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test of all is Pantopaque myelography for tli© direct 
visualization of the compressive lesion Although 
necessary procedures, lumbar puncture and mye- 
lography may occasionally exacerbate the symptoms 
and signs. 

Special Spinal Syndromes. Unusual clinical syn- 
dromes may be found in patients vvitii tumors near 
the foramen magnum They may produce a quadri- 
paresis wdlh pains in the back of the head and stiiF 
neck, a weakness and atrophy of the hands and 
dors-al neck muscles, and either bizarre sensory 
changes or no sensory loss whatsoever. Lesions of 
the tenth, eleventh, and twelfth thoracic and the 
first lumbar vertebras may result in a cunous 
diome of mixed cauda equina and spinal cord 
symptoms. Lesions of the cauda equina alone, 
nlwa)’s difficult to separate from diseases of the 
plexus and multiple nerves, are usually attended 
in the early stages by pain which is variously com- 
bined with an asymmetric, atrophic, arefieric paraly- 
sis, radicular sensory loss, and later sphincteric dis- 
order. This must be distinguished from tumors of 
the conus meduUaris (lower sacral segments of 
spinal cord), in which there are early disturbances 
of sphincters of tlie bladder and bowel, back p.iin, 
h>*pesthesia and anesthesia over the sacral derma- 
tomes, a lax onal sphincter vsith loss of anal and 
biilboeovemosus reflexes, and sometimes weakness 
ol lower leg musdes. A Eabioski sign means that 
tlie spinal cord is involved above tlie fifth lumbar 
segment, 

Diagnosis 

Several problems may arise in the diagnosis of 
patients with spinal cord tumors. First, in the 
early stages spinal tumor must be distinguished 
from other diseases which cause p.xin over certain 
segments of the body, i e., those affecting the gaU- 
fifaddcr, Aidhey, sfomacfi anef jhfesti’naf tract, 
pleura, etc. Here the locahzalion of the pain to a 
demuilome, its intensification by effort, segmental 
sensor)’ changes, and minor alterations of motor, 
reflex, or sensory function in the legs will usually 
provide the clues to tlie compressivc-Irritativc 
radicular lesion. Examination of the cerebrospinal 
fluid, x-ray of tlie spine, and myelograplq^ will 
settle the diagnosis in most instances. 

If symptoms and signs of disorder of sensory 
and motor tracts of the spinal cord arc present, 
there is sbll the problem of determining the seg- 
mental level of the lesion. At first the sensory and 
motor deficiencies may be most pronounced in tliose 
parts of the body fartlicst removed from the lesion, 
i e.. in feet or lumbosacral segments. Later these 
sensory and motor levels may rise, but at any time 
they may continue to bo far below the lesion. Of 
greatest help here arc the localit)' of the root pains 
and atrophic paralysis and lastly the upper level 
\ 
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of hypalgesia. Again, myelography is necessar)’ to 
determine the e.xact level of the cord compression. 
If localization of the cord lesion in terms of spitul 
segments has been established, there is still the 
problem of ascertaining the vertebral localizatiQn, 
for the tw'o do not correspond (see Chap. 28 for 
a statement of the relationship of spinal segm^ 
to vertebras). 

Once v'ertebral and segmental levels are settled, 
there is still the necessity of determining whether 
the lesion is neoplastic and is extradural, intradural- 
extramedullary, or intramedullary. This is important 
from the standpoint of etiologic diagnosis. If th^re 
IS a visible or palpable spinal deformity or x-ray 
evidence of vertebral destruction, one may confi- 
dently assume an extradural localization. Without 
x-ray changes one still suspects extradural lesion 
root pain developed early and Is bilateral, spine 
ache is prominent, and percussion tenderness Js 
marked, \fotor symptoms below the lesions precede 
sensory changes, and sphincter disturbances are 
late. Tlie distinction between intradural-extramedul- 
lary and Intramedullary lesions is almost impossible. 
Radicular pain, asymmetry of signs of motor and 
sensory tract involvement, and early cerebrospinal 
fluid blockage (positive Queckenstedt test and high 
protein) favor the extramedullary localiz-ition. With 
extradural lesions one must differentiate between 
ruptured disk, spondylosis (hypertropliic spurring 
and osteophyte formation in cervical spinal canal), 
tuberx'ulous caries, other pyogenic, fungous, or 
syphilitic granulomatous lesions, secondary corej. 
Doma or lymphoma ^\^ith intradural-extramedullajy 
lesions, meningioma, neurofibroma, meningeal cai- 
cinomatosls, cholesteatoma, teratomatous cyst, or 
menmgomyelitic process is most likely. Intramedul- 
lary Icricms are usually gliomas or vascular malfor- 
roations. A negative Queckenstedt test, normal or 
refcaVefy fow protem in cerebrospinaf Jlufcf, and' a 
negative myelogram will serve to rule out intra- 
spinal tumors or granulomatous lesions, in most 
instances. 

In conclusion, it is well always to remind oneself 
that of the more than 30 diseases of the spinal cord 
there are available effective means of treating only 
a few — extramedullary spinal cord tumors, syphdis 
(meningomyelitis and babes), epidural granulomw 
(pyogenic, tuberculous, fungous), subacute com- 
bined degeneration and nutritional myelopathy. The 
physician's major responsibility Is to determine 
whether or not bis patient has one of the treatable 
diseases. 

Treatment 

This varies with the nature of the lesion and the 
dinica! condition of the patient. Intradural-extra- 
medullary tumor should be removed Laminectomy, 
decompression, marsupialization of cysts, and x-ray 
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therapy is the treatment of intramedullary gliomas. 
Extradural malignant grosslhs arc best managed 
by the use of opiates for pain, x-ray therapy, en- 
docrine therapy (for carcinoma of breast and 
prostate), nitrogen mustard (for certain Ijm- 
phortias). Sometimes laminectomy and decompres- 
sion arc ncecssar)’ for diagnosis and prevention of 
irreversible compressive effecls and infarction of 
the spinal cord. With tuberculous caries, immobili- 
zaUon of the spine in hyperextension and streptomy- 
cin therapy arc indicated, and laminectomy should 
be reserved for execptfon.al cases with complete and 
irreversible spinal block. Immobilization of the neck 
and later a collar (Thomas or other) is the treat- 
ment of choice in spondilosis Only in a rapidly 
advancing compressive spinal cord syndrome in a 
rel.itively young person should there be a laminec- 
tomy and cutting of the denticulate ligaments. 

TUMORS OF THE rEniPIIERAL NERNTIS 
These tumors are discussed in Cliap. 201. 
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907 DEMITSLINATING 

ao/ diseases 

John N. Walton 

It is well recognized that there exists a large and 
important group of diseases of the nervous system 
all of which are characterized pathologically hy a 
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destructive process insolving the myelin sheaths of 
nerve fibers. Despite tin’s single common feature, 
there are numerous variations in the clinical mani- 
festations and in the severity and distribution of 
the pathologic changes which serve, in typical cases, 
to distinguish tlie several disease entities within tlie 
group. Nevertheless, it may at b’mes be impossible 
to classify an individual case with certainty, so ill- 
defined are the clinical and pathologic margins 
which separate the constituent disorders. 

CLASSinCATION 

Any classification of diseases in medicine must 
depend upon a combination of evidence from three 
sources — ctiologic, clinical, and patliologic. The 
lack of clear definition in any one of these three 
fields has led to the difiiculties now experienced 
when attempting to classify the demyelinating dis- 
eases. Although a familial incidence has been ob- 
served occasionally, there is no dear cx’idcnce to 
suggest that genetic factors play a fundamental 
part in their causation. It is also true that while 
many theories of etiology— infective, metabolic, al- 
lergic, and vascular— have been invoked, none con- 
forms entirely to Uic observed facts. An allergic 
process seems very probable in acute disseminated 
encephalomyelitis and may well be the basis of the 
disease state in other conditions within the group, 
but knoxviedgo is still incomplete so that in most 
instances the etiology remains obscure. Clmically 
lliere Is no doubt tliat the natural history of the 
illness In 0 chronic relapsing case of multiple sclero- 
sis is entirely di/Terent from that observ-ed in, say, 
acute disseminated encephalom>’elitis following 
measles. On the otlicr hand, a distinction on purely 
clinical grounds between acute multiple sclerosis 
and subacute cncephalomyehlis may be impossible, 
the existence of such transitional and borderline 
eases precludes a classification based entirely upon 
clinical criteria. 

Similar difficulties anse in considering pathologic 
data. In ^neral, the basic process is one of destruc- 
tion of myelin sheaths with relative sparing of nerve 
ceils, axis cylinders, and supporting structures; how- 
ewr, tile dislnbution and severity of the lesions 
vary greatly. In one disease the foci may be multi- 
ple, small, and widely disseminated, in another they 
are large and spreading outward from one or a few 
centers; sometimes they are all perivenous, but in 
other eases this is only partially true, ^\^\e^eas in 
one instance the axis cylinders are virtually intact 
despite severe myelin destruction, in another they 
may suffer to an almost equal extent. From the 
pathologic as well as the clinical standpoint, inter- 
mediate or transitional changes may be seen bridg- 
ing the gap between disease entities which have 
b»n customarily though artificially defined. 
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source of these difficulties springs from Um* prob- 
nhihtv that mvclin destruction is not the pnnur}' 
process but merely a response of the nervous m* 
tern to a variet)’ of novae. Definition of such cti- 
ologic factors, jf achicscd, must surely lead to a 
clearer unclcrstariduig of the clinical and patholo^c 
changes observed and in turn to a firm classifica* 
tion. In tJitf me.anlime, correlation of the available 
information from all sources would support the fol- 
lowing classification as Uie most practical; 

t. Acute disseminated ciKcphilomychtw 

2. Acute necrotizing hemonliagtc mceplubmyelopalhy 

(acute JiemonJiaglc Icukocnccpiulitis) 

3 Muitipie sclerosis 

4 The ncufomyclilis opUca sjTidmmc 
5. D.ffuse cerebral scicrosu 

Future investigation ma) reveal that necrotizing 
cnceplulomyclopathy is merely a severe form of 
dusiminated encephalomyelitis and tliat the ncuro* 
myelitis optica syndrome is a variant of the latter 
disease or of multiple sclerosis. It is also possible 
that in due course certain eases now regarded as 
nciitc multiple sclerosis may come to bo recognized 
as constituting arioUicr form of disscmmal^ cn* 
ccplialomychtis. However, the above disorders are 
here considered individually, although it is recog- 
nized Uut St least some of them may be artifiaally 
defined. 


ACUTE DISSE.MINATEO 
ENCnPIlALOfVCLinS 

Tim tenn includes eases of postcvanlhemaloiis, 
postvaccinal, and postinfcctive cnccph.aIom\cIitis, 
the condition may also be tefened to as acute peri- 
v.uctilar mychnoclasis. fn Us most typical form it 
follows vaccination against smallpox and Inocula- 
tion against rabies. In such cases the clinical mani- 
festations follow a relatively stereotyped pattern; 
this is much less true of the cnieplnlomvelitic com- 
pliwtions of the cxanlhcms of childhood, in wlitcli, 
in addition, (he tune rebtionship to the onset of 
the exantium is not so clearly dcfini*d. Within re- 
cent years Uui group lias been broadened to Indiidc 
eases showing encephalitic and/or myelitic mani- 
fwtations after nonspixific infective illnesses, in 
nich cases the pathologic changes arc essentially 
die same os those in the more clearly defined syn- 
dromes n-fened to above. 

Dennliion. Acute disseminated cncepltalomyrliUs 
mav tlitriforc be defined as cn acute encrpliahtic 
end or myelitic discinlcr of variable coiirse and se- 
v.-nty, whkh h cliaractcrired clmk-ally by «mp- 
toins indicating cbmage chiefly to the vvliitc matter 
<)! the brain and/or spinal cord and patfiologicany 
bv jiciiv'ascular cellular infiltration and perivenous 
demyrhnatyaa. Tlie syndrome may follow smallpox 


vaccination, antirabic inoculation, or a nonspecific 
infective illness (sometimes vaguely referred to as 
“mfluenzar), or may develop during the course oi 
an evanthem; occasionally it may occur with no 
clear history of preceding or concurrent infection 

Palbology. Naked-eye axamination of the bram 
and spinal cord reveals no distinctive changes. Mi- 
croscopically the white matter show-s innumerable 
small zones of demyebnation, from 0.1 to 1.0 mm 
m diameter, vvhicli invariably surround small or 
medium-sized veins. Conspicuous subpial demye- 
lination is a prominent feature and is probably re- 
lated to tlic profusion of small veins in these situa- 
tions; a similar relationship can also be adduced 
to explain ibc areas of subependymal demyebna- 
tion that are frequently seen around the third and 
lateral ventricles. Silver stains generally demon- 
strate the integrity of the axis cylinders within the 
lesions, though they may be damaged, as shown 
by iheir tortuosity and tliickemng. Reacting mi- 
croglial cells are seen in the demyebnated areas, 
and there is also perivascular infiltration witli lym- 
phocytes, hisliocyles, and plasma cells, sometimes 
slight and somebmes massive. Meningeal infiltia- 
tion, although invariable, is rarely marked. Detailed 
observation reveals that nearly all the lesions are 
of Uie same age, ond that llicy arc usually scattered 
tliroughout tlie Icnglli and breadth of tfte nervous 
system, indicating simultaneous involvement of the 
entire nemaxis. In other instances, however, they 
may be more severe in one part of the nervous sys- 
tem than m another, Uius determining the pnmanly 
cncvpliabiic or mychtic nature of the illness. In 
patients who recover tlie pathologic changes arc 
probably less vvidespread and severe; and it seems 
that they may be almost, if not entirely, levctslblo 

Ctiolo 5 >. In iliis form of dcmyelmating disease 
above all, there is mucli evidence to suggest that 
one is dealing with an allergic response of the nerv- 
ous system to an unidentified antigenic agent. The 
mam support for this hypothesis lies in the close 
resemblance of the pathologic Endings in such cases 
to those observed in eiperimcntal allergic cncqilia- 
JomycIiUs. 

ClJnical Manifestations. In view of tiie plco- 
morphism of the clinical piclure of disscmin.tled 
emcephaJomyelilis, depending as it docs upon die 
nature o[ the primary disease which it complicate, 
it will be convenient to subdivide this section vvnth 
reference to identity of the preceding or concurrent 
infection. 

rostcaccinat rncephalomfjelUh, Enccph-ilemye- 
Ltis following nnlismallpijx vaccination Is by far the 
cominoncsi disorder of this type, though an identi- 
cal syndrome may follow inoculation og.iinst rabies, 
and a simikrr illness miy rarely occur after small- 
pox itself. A number of epidemics of the p/jstvac- 
cinal type occurrctl in HolJ.md and England in the 
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19£0s, when it became evident that t!\e disorder 
affected both sexes equally, was commonest in chil- 
dren of school age, and ^vas much more frequent 
after primary' vaccination than after revaccination. 
In Holland it affected rouglily one person in every 
2,300 primary vaccinations and one in every 50,0(W 
revaccinations. 

In most instances the disease develops between 
the seventh and twelfth days after \’accmaiion, 
though the period may be shorter after rex’accina- 
tion. The onset is generally abrupt, with head- 
ache, drowsiness, fever, and vomiting. There may 
be neck stiffness and other signs of meningeal irri- 
tation at tin’s stage, while convulsions are occasion- 
ally seen. Soon aftenvards signs of spinal cord in- 
volvement usually appear with flaccid paralysis of 
the limbs, which may be hemiplegic in distribution 
but more commonly involves all four limbs. Tendon 
reflexes disappear and the plantar responses be- 
come extensor. Sphincter control is generally lost, 
and sensory’ loss, though variable, may be exten- 
sive and severe. Nystagmus, ocular palsies, pupil- 
lary changes, and sometimes trismus may give evi- 
dence of brain stem involvement, while extension 
of the cerebral affection may lead to stupor and 
deepening coma. Despite Uicsc general features of 
the typical case, numerous variations occur less 
commonly, so that one patient may suffer a pre- 
dominantly encephalitic illness with little evidence 
of cord d.image, another may haxe a hemiplegia, 
while sometimes a purely myelitic syndrome may 
occur svith no headache, neck stiffness, or clouding 
of consciousness. Less frequently still a sy-ndromc 
suggesting involvement of nerx-e roots or even pe- 
ripheral nerves may develop. Usually ilie site of 
vaccination is not remarkable, altliough a fexv pa- 
tients show a generalized erythematous rash and 
others generalized vaccinia. The cerebrospinal fluid 
almost invariably shows an increase in protein and 
lymphocytes, but in rare cases it is normal. 

DiACNosis. The association with vaccination or 
inoculation will usually leave the diagnosis in little 
doubt, and the characteristic combination of en- 
cephalitic and myelitic features will readily distin- 
guish the condition from meningitis, vims encepba- 
htis, tetanus, and poliomyelitis. Barely an atypical 
case may mimic any one of these disorders. In the 
radicular form there may be difficulty in differen- 
tiating the condition from idiopathic polyneuritis 
(the Guillain-Barr^ syndrome). 

pnocNosis. Between 30 and 50 per cent of pa- 
tients reported have died within 4 to 5 days of the 
ictus, usually in deep coma xvith terminal evidence 
of medullary paralysis. Improvement, with recovery 
of consciousness and regression of neurologic signs, 
takes place in the remaining cases and may be sur- 
prisingly complete. MiUer has shown, however, that 
a significant proportion of patients show residual 
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neuTolo^c signs, intellectual impairment, and/or 
ps)'choneurotic sequelae many years after the ill- 
ness. 

Po$lcxanthematous LncephalonxtjeUlts, More 
cases of encephalomyeb'tis have been described 
after measles than after any other exanthem, but 
occasionaUy rubella and chickenpos have been com- 
ph'catcd in this way. The exact status of the neuro- 
logic complications of scarlatina, whooping cough, 
and mumps has yet to be defined. Miller, Stanton, 
and Gibbons have slioum that lymphocytic jnerun- 
gitis is the principal complication of scarlatina and 
mumps, and in Ae latter condition it is probably 
due to invasion of the nervous system by the virus. 
However, in a proportion of cases of mumps and 
very rarely in scarlatina a true demyelmating en- 
cephalomyelitis may occur. The encephalopathy of 
pertussis, which is fatal in over a third of cases and 
may leave disabling sequelae in many others, is 
entirely different pathologically and may be hy- 
poxic In origin. 

Enccphalomj’clitis complicating measles gener- 
ally begins 2 to 4 days after the appearance of the 
rash but may antedate it and may even occur in 
patients with a history of contact who do not de- 
velop a rash. The clinical picture is variable but 
like that of postvaccinal encephalomyelitis, it indi- 
cates the presence of widespread lesions through- 
out the white matter of the neura.xjs The most 
common cJinie.al syndrome is one dominated by 
convulsions and deepening comaj most fatal cases 
fall into this group. Less commonly the patient may 
suddenly develop a hemiplegia as If from a cere- 
bral vascular accident, or show evidence of severe 
cerebellar disease, u’hile occasionally there develops 
the clinical picture of transverse myelitis or that of 
polyradiculitis. Athetoid movements resulting from 
involvement of the basal ganglia are also seen in- 
frequently. In many cases, however, the disease is 
much less severe, and the patient suffers a transient 
encephalitic illness witli headache, confusion, and 
signs of meningeal irritation. About a tenth of the 
patients succumb to the disease or to intercurrent 
infection; however, less than half the remainder 
recover completely and the others remain more or 
less severely disabled with hemiplegia, paraplegia, 
cerebellar ataxia, fits, or mental impairment. It is 
not entirely certain that all tlie neurologic compli- 
cations described are truly encephalomyelitic; in 
some cases cerebral vascular disease, particularly 
thrombophlebitis, may be responsible. 

In rubella a diffuse and fatal encepbalomyelih'c 
illness may rarely occur, and in other uncommon 
cases a syndrome suggestive of polyradiculitis has 
been described, but more often a mild and tran- 
sient encephalitic illness develops. The neurologic 
complications of chleXenpox are similarly benign 
and usually occur in the second week after the rash 
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has appeared, though they can arise at the onset 
of die illness. It is possible that in some cases the 
\aricena Wnis, whicii is closely related to that of 
lierpcs zoster, is directly responsible for the pa- 
tient's symptoms. There is no doubt that in others 
characteristic perivenous lesions, unlike tliose of 
sirus infection, have been observed. In most casa 
a transient illness occurs with lieadaclie, drowsi- 
ness, and neck stiffness, in otliers there may be a 
severe ataxi.i and occasionally athetotic move- 
ments, while in jet others the tj-pical picture of 
transverse myelitis develops Wliatever the clinical 
manifestations, the prognosis is good, death is un- 
common and over 90 per cent of patients make a 
complete recovery. 

In posfexanthematous cases, as in the postvac- 
cinal, the cerebrospinal fluid may rarely be normal 
but usually contams an excess of Ijanphocytes and 
protein. Diagnosis is comparativelj- easy m the 
presence of die exanthem. 

Poslinfecliee EncephalomijelilU. This group in- 
cludes a heterogeneous collection of cases in which 
an encephalomjelitic illness succeeds a respiratory 
tract infection or an iniluenza-likc illness, it proV 
ably embraces eases of similar clinical course, show- 
ing identical pathologic features, m which there is 
no history of a preening illness. 

The clinical manifestations in cases in this group 
may vary from the tjpicil picture of severe dis- 
seminated encephalomjclitiS, wnth deepening coma 
and flaccid paraplegia on the one band, to a mild 
illness with bcauache, drowsiness, fever, and per- 
haps transient limb or bulbar pareses on the other. 
Myelitic sjmdromes may occur, though in a consid- 
erable proportion of these cases the disease process 
also alfects the brain stem, giving nystagmus, im- 
pairment of ocular movement, dyspliagb, fadal 
weakness, and variable long tract signs. Evidence 
of nerve root involvement is common in cases 
where the disorder is primarily spinal, and the con- 
dition may then resemble the closely relalvtl idio- 
patluc poljTicuntis (Cuillain-Datr^ syndrome). In 
m.viiy other cases there will be a striking resem- 
blance to die accepted clinical manifestabons of 
acute mulbple sclerosis. However, a follow-up study 
earned out by Miller and Evans on cases of this 
type has shown that they do not develop further 
neurologic episodes dunng the succeeding years. 

Cerebrospinal fluid changes, as in the other forms 
of acute encephalomyelitis, are not diagnosbc, and 
in these cases, parbciJarly those vvidi no history of 
preceding infection, diagnosis may be very' diffi- 
cult The development of coma and flaccid quadri- 
plegia following an influenza-hke illness is distioc- 
bvc, but on other occasions virus encephalitis, mul- 
bple sclerosis, and bulbospinal poliomyelitis may 
be mimicked Indeed, accurate tUagnosis may de- 
pcml in the last resort upon pathologic cvklence. 
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and even this may fail to distinguish die condition 
from multiple sclerosis. It is difficult to glean ac- 
curate information about prognosis. A considerable 
propoition of comatose and quadriplegic patients 
die; those in whom the neurologic signs are rela- 
tively mild usually recover, but in the intermediate 
group it is impossible to predict with certainfj* 
which pab'ents will be left with residual evidence 
of neurologic deficit. 

Treatment In an attempt to prevent the occur- 
rence of postvaccinal cnccphalomyeLtis some an- 
thonties consider it unwise to carry out primaiy 
vacemAbon in a young adult unless he has been in 
contact vvith a case of smallpox, or during an epi- 
demic. This view is not generally accepted. Other 
prophylactic measures are probably of little avail. 

Benefit has been claimed for the adminisbation 
of immune human serum, 10 ml intravenously, both 
m cases appearing after vaccinab'on and in those 
following or complicating the exanthems; if this 
admmistxation is impossible, an intramuscular in- 
jection of immune citrated whole blood may be 
giveo. Recent work, however, indicates that aamin- 
istrabon of steroid drugs or ACTH is the treatment 
of ehoioe, though controlled trials of treatment in 
this condition arc difficult. 

ACUTE NECROTEINC HEMORRHAGIC 
ENCErilALOMYELITlS 

In a small number of patients dying from a ful- 
minating cnccphalopatliic Olness, certain disbnctive 
pathologic features maj’ be found. On seebon of the 
brain, llie white matter of one or both hemispheres 
is seen to be destroyed almost to the point of lique- 
faction The involved tissue is pink or yellowish 
gray and flecked with multiple small hemonhageS. 
Sometimes similar changes are localizctl to the brain 
stem. On histologic czaminab'on one finds wide- 
spread necrosis of small blood vessels, necrosis of 
brain tissue around tlie vesseb with intense celluUr 
infiltrahon, mulb'ple small hemorrliages, and a vio- 
lent inflammatory reaction in tlie meninges. The 
pathologic picture resembles disseminated enceph- 
alomyelitis in its pcrivascuhar distribution and dif- 
fuse sclerosis in its tendency to congregate into 
brge foci m the cerebral hemispheres. 

The clinical course of the illness resembles that 
of acute disseminated eneepbalomjeUtis save for its 
apoplectiform onset and rapidity of progress, lead- 
ing often to death within 48 lir; it is also true that 
neurologic signs are frequently unilateral or purely 
bulbar in type, reflecting the localized nature of the 
pathologic process. It is probable that certain pa- 
tients showing an explosive myelitic illness are suf- 
fering from a necrotizing myelitis of simflar type, 
but pathologic evidence in support of this view has 
been difliciilt to obtain. Tlie cerebrospinal fluid re- 
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veals a more intense reaction than in other demye- 
linating diseases, showing a pol}Tnorphonuclear 
pleocjlosis and a considerable increase in protein. 

The etiology of this condition remains obscure, 
but the resemblance to the other demyelinating dis- 
eases should be noted, a resemblance which is 
strengthened by the fact that certain patients sheav- 
ing the t)'pically fulminating clinical picture have 
recovered, some completely, others with neurologic 
sequelae of variable severity. The points of simi- 
larity are sufBcient to suggest that steroid drugs 
should be tried in such cases. 

MULTIPLE SCLEROSIS 
Multiple sclerosis, commonly termed dissemi- 
nated or insular sclerosis or sclerose en plaque, is 
one of the commonest chronic neurologic diseases. 
MTiile pleomorphic in its clinical presentation, nu- 
merous symptom complexes have come to be rec- 
ognized as characteristic of the dise-ise so that usu- 
ally diagnosis is a matter of little difficulty. On the 
other hand many acute cases show notable clinical 
and pathologic affinities w'th disseminated enceph- 
alomyelitis and with the syndrome of neuromyeliUs 
optica, Despite this lach of definition of the border- 
line case, much less is known concerning the cU- 
olog)* of multiple sclerosis than of the acute de- 
myelinating disorders previously described. 

Definition. Multiple sclerosis is a disease of ob- 
scure etiology, characterized clinically by symp- 
toms indicating the presence of multiple lesions In 
the white matter of the brain and spinal cord. In 
most cases there are relapses Interspersed with long 
periods of remission, but in others it presents as an 
intermittently progressive disease with paraple^ 
and added cerebellar and brain stem signs; the 
latter state is also the eventual outcome of the re- 
lapsing cases. Pathologically there are multiple 
plaques of demyehnation and gliosis, of varying 
age, throughout the central nervous system. 

Pathology. Since the original description of the 
pathologic changes in this disease by Cruveilhier 
m 1835 and Carswell in 1838 there have been nu- 
merous valuable presentations, notably those of 
Dawson, Hassin, Ziromermann and Netzky, and 
Adams and Kubik. Macioscopically the brain before 
sectioning generally shows no evidence of disease, 
but the surface of the spinal cord may feel uneven. 
On section, numerous scattered lesions are seen 
which are slightly depressed and which, by virtoe 
of their pinl^h'gray appearance (due to loss of 
myelin), stand out in contrast with the surround- 
ing white matter. The lesions may vary in diameter 
from 1 mm to several centimeters; they affect prin- 
cipally the white matter and the roots of cranial 
nerr’es but also encroach frequently on cerebral 
gray matter; much less often spinal roots and spinal 
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gray matter are involved. The lesions appear to 
have a predilection for the optic nerves and chiasm 
and the para\’entricular areas of the brain; in the 
spinal cord the subpial region is often predomi- 
nandy affected. 

The histologic appearances depend upon die age 
of the lesion. Relatively recent lesions show a pre- 
dominantly perivenous distribution of the demye- 
lination, with sparing of axis cylinders, degenera- 
tion of oligodendroglia, neuroglial reaction, and 
perivascular infiltration with mononuclear cells. 
Later large numbers of microglial phagoi^'tes in- 
filtrate the lesion and astrocytes in and around it in- 
crease in number and size. A long-standing lesion, 
on the other hand, will show thickly matted, rela- 
tively acellular fibroglial tissue, with only occasional 
perivascular macrophages; in such a lesion intact 
axis cylinders may still be discovered but many are 
destroyed, and this in turn leads to descending and 
ascending degeneration of long-fiber tracts. All 
gradations of pathologic change between these two 
extremes may be found m lesions of variegated size 
and shape. Except in the most acute cases the dis- 
tribution Js not so strikingly perivenous as in dis- 
seminated cncephalomyeL'tis. 

Etiology. Little concrete information js available 
concerning the etiology of this disease except for its 
occasional familial incidence. Pratt, Compston, and 
McAlpinc baio shown conclusively that it occurs in 
more than one member of a family more often than 
could be accounted for by chance This should not 
be taken to indicate that the disease is transmitted 
as a genetic trait; rather it suggests that an inher- 
ited predisposition may make an individual more 
susceptible to the unknown agent or agents respon- 
sible (ot the demyelin&tmg process- 

None of the numerous theories advanced to ex- 
plain this disease has been validated. Infection by 
a spirochete or filtrable virus has been adduced, 
only to be refuted by later work, thrombosis of 
venules, copper deficiency (suggested by analogy 
ivith sway-back disease of sheep) , and abnomial en- 
zymes or poisoning with lead have all been consid- 
ered. The very multiplicity of theories pays tribute 
to the lack of concrete evidence, and recent experi- 
mental work has added little that is conclusive. 
Lumsden Iwlieves that degeneration of the oligo- 
dendrocytes may be the primary factor in produc- 
ing dcmyelination, but this too is open to confinna- 
tion. There is far less evidence to support the role 
of alleigy as a causative agent in multiple sclerosis 
than in disseminated encephalomyelitis. 

Preeipiialing Factors. It has been suggested fre- 
quently that various infective and traumatic agen- 
cies have provoked the initial symptoms of multi- 
ple sclerosis or that in other cases they have been 
responsible for producing a relapse. Nonspecific and 
spedfic febrile illnesses, pregnancy, surgical opera- 
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hons. Iraiima, lumbar puncture, and many other 
factors !ia\c been invoked from time to tunc. An 
Increasing \olume of statistical evidence suggesb 
that pregnanej’ and lumbar puncture have no in- 
fluence upon the course of tlic disc.ase, but Mc- 
Alpinc and Compston liclieNC that there fe some- 
times a significant rclationslup between infective 
illness or local trauma on the one h.ind and onset 
or relapse on the other. The onset of the disease, 
or a relapse, may occasionally seem to be prccipi- 
t.ittd by emotional stress 

Tncidcncc. Multiple sclerosis is common m Eu- 
Tope, being paiticulaTly picsnlcnt m Switzerland 
ami Scandinavia. It occurs less frerjucntlv on the 
American continent and is rare in Africa and Asia 
Recent epidemiologic work indicates cle.irlv that it 
occurs predominantly in areas of temperate climate 
It is commonest m the while races, but docs occur 
in the Negro. 

It affects the tw'O seres approximately equally 
and usually begins between tbc ages of twemtv and 
forty! some eases develop in the second decade, 
and an Increasing number arc being reported mih 
onset in the forties and fifties. 

Clinical Manilcstalions. Chronic Re?<jps«»ig Type. 
Given a clcmr understanding of the pullmlogic 
c!i.ingt'S outlined, it will be c'ident that the clinical 
lentures of the disease may vnry greatly, depend- 
ing upon the situation and intensity of the lesions 
If It begins with a single discrete lesion, there mav 
be a great variety of presenting symptoms, depend- 
ing upon its site; on the other han<I if multiple le- 
sions occur simultaneously in eloquent areas of the 
nervous s)-stem, a much more specific clinical pic- 
ture will result. Tliis variation in spatial distribu- 
tion of the areas of dcmyclination is responsible for 
the remarkable clinical plcomorphism of the dls- 
e.asc. Symptoms attrihutablc to a single lesion al- 
most mvari.ibly remit, to be followed by other 
manifestations at a later date; the same is largely 
true of other coses in vvliicb there fs clinical evi- 
dence of multiple lesions initially but in which the 
onset is acute. In these two tjP^s numerous relapses 
m.vy occur, cacli followed by a remission, but each 
le.nving in its wake further c'idence of permanent 
neurologic deficit upon whicli every suecccrling 
oaitc manifestation » sviiKTijoposeil. As a nilc such 
a patient eventually reveals # clinical state indis- 
tmguisliable from that observed in another type of 
case which from the start, cm be recognlz^ os 
haibormg multiple disseminated lesions, all pro- 
gressing inevor.ibly nt much the same rate. TIic re- 
lapsing t)pc vnili multiple acute and sulucute epi- 
sodes ii of course coinmonc*’ in younger patients, 
while the slowly progressive form is most frequent 
in patients wViose disease begins in middle age; in 
these litter Individuals the major Inirdi-n ^ the 
mcrally falls upon the spinal cord. 


Numerous characteristic symptom complexes 
may be recognized as occurring witliin the structure 
of tlie disease process and are best classified accord- 
ing to the mode of onset. Despite the v’anability of 
initial expression of tlie disease, most cases after a 
greater or lesser period of time follow a final com- 
mon path of increasing spasticity, inimohilily, re- 
spiratory or urin.iry infection, anil death. McAlpine 
Iwlieves Uvat in a small proportion of cases the 
disease m.ny be arrested spontaneously. 

The more common symptom complexes obseneii 
in this disease are oiitimed below. 

I thassiest weakness on eoss of coNtnot or 
THE uMBs. This symptom may inv’ohe one limb 
(monoparesis) or both limbs on the same side 
(hemiparcsis), but more often both lower limbs 
are involved (paraparesis). Tlie patient has diffi- 
culty in walking or in using the affected limbs, and 
physical examination during the episode reveals evi- 
dence of corticospinal tract and/or cerebellar dis- 
ease These early manifestations frequently resolve 
completely only to be succeeded by others aft« 
months or years. 

2. visvAL SYMPTOMS. SuddcH loss of vision In 
one eye (because of retrobulbar neuritis) or di- 
plopia are common initial syrnploms of this disease 
and invariably remit! sometimes as long ns 20 yes^ 
may elapse before otlier features develop. 

i SEN’sonv sYxiPTOMS. The disease may begin 
With numbness and p.'iresthcsi.’is in a limb or HmWt 
and these symptoms, being transient, may well be 
overlooked. The so-called “useless hand" syrndromo. 
in which the patient complains of clumsiness or 
uselessness of the hand lasting for some days of 
weeks, must be included in this group, being gen- 
erally due to impairment of position sense from a 
lesion m the posterior column of the cord. Less fre* 
qucnllv. there may be symptoms to suggest loss of 
temperature sensation in one lower limb and iho 
patient is found to have a partial Bro\vn-S6<iuard 
syndrome due to a plaque in one lateral column. 
Tlicse nvmifestations, too, almost invariably remit- 

d SLOWLY FltOCnESSIVE CLL'MSIVrSS ANU WEAK- 
NESS OF LIMBS. In certain young patients the dis- 
ease may he slowly progressive vvithout clinical 
remission, and in such individu.ils there is usually 
evidence of widespread lesions; most often they 
show temporal pallor of Uie optic disks, nystagmu*. 
cerebellar ataxia, and weakness .and spasticity of the 
limbs. In the commoner intermittently progressive 
type which begins in middle life the corticospinal 
tracts arc predominantly affected, though there H 
usually some loss of position and vibration sense 
in Hk" lower limbs, indicating posterior column Hi 
asldition to lateral column disease. 

5. SYMPTOMS OF PRIMAnY tinAIV STFM TVVOLVf 
MrvT. Some patients may present cviilerce of pre* 
dominantly’ ccrclwllar disease, ami It is often lliesa 
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individuals who show Charcot’s triad of nj-stagmus, 
"scanning or “syllabic" specdi, and intenlioft 
tremor; this form is somwhat uncommon. Other 
patients may sxiffer o transient episode of severe 
vertigo and vomiting, because of a lesion affecting 
Uic vestibular connections, and may tlicn go for 
years before other sjTnptoms develop. Tlie same Is 
generally true of patients showing cs'idcncc of a 
pontine lesion, some of rvhom may have transient 
facial anesthesia followed months later by tic dou* 
Jourcav and later still by evidence of spinal cord 
disease; on other occasions tic rlouloureut may 
develop in a patient showng overt manifestations 
of the disease. 

Acute MuJliplc Scleroua. Occasionally multiple 
sclerosis runs an acute or subacute course leading 
to deatli in weeks or montlis, or else a scries of 
s}Tnptoms ni.iy develop rapidly and then remit p.ir* 
tially or completely to bo followed by charactcnslic 
relapses. In some of these cases the onset is marked 
by headache, vomiting, and delirium and by a 
succession of symptoms indicating severe uwolve- 
ment of tile brain stem os describotl above, or of 
the brain, optic nerves, or spinal cord. In the so- 
called "ccrcbrar eases there may be mental 
changes, convulsions, aphasia, hemianopia, and 
variable long-tract signs; the spuul t)pc may show 
the pichire of a transverse myelitis. These forms of 
the disease arc uncommon and may be very diffi- 
cult to distinguish from disseminated cnccplialo- 
myelitis and neuromyelitis optica. 

Motor symptoms are gcmcrally due to cortico- 
spinal tract or cerebellar involvement or to a com- 
bination of the two. Corticospinal tract disease gives 
a spastic gait and muscular weakness of upper mo- 
tor neurone type, sWih exaggeration of tendon re- 
flexes in the affected lunbs and extensor plantar 
responses. Cerebellar disease results in intention 
tremor and clumsiness in the performance of fine 
coordinated movements, and the gait is often diar- 
acteristically broad-based and ataxic. Involvement 
of central cerebellar connections gives nystagmus 
On iaterol gaze, with the quick phase In a lateral 
direction. 

Sensory symptoms, such as paresthesias and use- 
lessness of the limbs, ate due to posterior column 
involvement; in such cases loss of position sense, of 
two-point and tactile discrimination, and of vibra- 
tion sense will be observed, and if the changes are 
extensive Romberg’s sign will be positive. 

^^isuaI loss is due to retrobulbar neuritis, whicli 
may produce pain in the eye and sometimes disk 
swelling; vision gradually returns after weeks or 
months and central scotomas may persist, while the 
temporal half of tlie optic disk becomes pale. Such 
pallor is frequently seen in the absence of any 
Wstory to suggest an acute ncuritic episode. Diplo- 
pia is occasionally due to selective involvement of 
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one of the oculomotor nerves but more often is of 
central origin, occurring without objective ocular 
palsy. Paralysis of conjugate ocular deviation, par- 
ticularly intcmuclear ophthalmoplegia, is frequent. 
Homer’s syndrome occurs rarely, but tlie pupils are 
usually unaffected. 

Hysterical features are not uncommon in patients 
m’tli multiple sclerosis and may make diagnosis 
difficult; some individuals eventually show evidence 
of dcmenb'a. Although euphoria, or pathologic 
cJicerfulness, is generally regarded as characteristic, 
many patients are depressed. 

Tlie sphincters arc often involved; precipitancy 
of micturition is characteristic in the early stages, 
but Liter there may be both fecal and unnary' re- 
tention. Rarely fecal incontineneo occurs alone, 

cenennospiVAL fujid, A small proportion of 
cases, particiikirly the more acute ones, show a 
slight mononuclc.ir pleocytosis. The protein content 
may be normal, but there often is slight excess of 
globulin. The latter is most charactensUe, ocemring 
in perhaps oO per cent of cases, and is indicated 
by an abnormal colloidal gold curve, usuallv paretic, 
generally first-rone, but occasionally mid-rjane, in 
type. In the presence of a negative Wasserm.ann 
reaction. UTicn y-globulin forms 20 per cent or 
more of the total protein, multiple sclerosis is the 
probable diagnosis. 

nracvosis. In a cliaracteristic case the evidence 
of wide dissemination of lesions throughout the 
ncura.xis leaves the diagnosis in little doubt. Indeed 
it is an axiom tliat tlie disease should not be diag- 
nosed when all the p.alierit‘s symptoms and signs 
can be explained by a single lesion Occasionally 
this rule roust be Ignorcvl in the presence of one of 
the characteristic symptom complexes already de- 
scribed, but it Is a valuable guide. For reasons 
already given, distinction from disseminated en- 
cephalomyelitis and neuromyelitis optiw is particu- 
larly difficiilt in the acute case, but bilateral visual 
loss os w'eli as stupor and coma are rare in multiple 
sclerosis, while disseminated encephalomyelitis is a 
self-limiting monophasic disease. Other acute mani- 
festations may mimic labynnlhiUs, mcriingovasatlar 
sypliilis. ond encephalitis; tlie fust may be recog- 
nized only by tlie course of the disease and then 
not wnth certain^, but cerebrospinal fluid examina- 
tion will generally identify the other conditions. 

Confusion m.iy occasionally arise with the famil- 
ial ataxias, which are generally distinguished by 
their familial incidence, the occurrence of skeletal 
abnonnalities and other associated genetic traits, 
ond by their stereotyped clinical pattern. Amyo- 
trophic lateral sclerosis and subacute combined de- 
generation may be closely mimicked, but rctuscle 
wasting and fasciculations will identify the former 
and the latter can be confirmed by the absence of 
aad from the gastric juice, by the anemia in most 
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cnscs, by ihc presence of megaloblasls in the bone 
marrow, and by a low level of vitamin B,™ in the 
scnim 

Patients ivith a progressive spastic paraplegia 
may h.ive an intrathecal neoplasm or cervical 
spend) losis. Pain and extensive sensory Joss are 
common in the former and rare in multiple sclerosis, 
in which muscle wasting due to anterior horn or 
spinal root invoh'cment {ns sometimes seen in 
spondylosis) is almost unknown Dasilar impression 
of the skull, or platybasia. must also be considered, 
but In such patients there is characteristic shorten- 
ing of the neck and radiographs of the base of the 
skull are diagnostic. Careful clinical appraisal will 
usually lead to accurate diagnosis, but occasionally 
the problem can be resolved only by recourse to 
cerebrospinal fluid e’uunination, radiography of the 
spinal canal, and m)elography. 

FnocNOsis. Tlie duration of tlic disease is varia- 
ble. Some patients die within a few months, others 
h\c 30 years or longer. In general, patients whose 
disease runs a relapsing course Ii\'c longer, but ac- 
curate prediction of Uic progress in .nn individual 
case is diilicult. The average total duration from 
the time of the first S)Tnptom is 15 to 20 years The 
final state of the bedridden, incontinent patient, 
racked by painful flexor spasms of ihc lower limbs 
and shaken by febnie episodes of intcrcurrent in- 
fection, is one of the most distressing in mcdicioe; 
it is fortunate that many individuals retain tbeir 
euphoria to the end. 

TncATMesT. Despite the large number of reme- 
dies which have been tried, no drug therapy ap- 
pears to have any influence on the course of the 
disease. Claims for the efficacy- of arsenicals, vaso- 
dilators, and a low (at diet have not been sub- 
stantiated Recent work su^ests that treatment 
with steroid dru^ may be useful in acute episodes 
and that long-term treatment may reduce fre- 
quency of relapses. Intrathecal tuberculin has re- 
cently been tned, but is not of proven value 
Claims made by Shubladze for tlie efficiency of a 
vaceme recently developed in Russia are also un- 
supported by scientific evidence. 

Ihc most that can be done is to encourage and 
reassure the patient Uiroiigli moderate exercise and 
supportive measures and to keep him mobile and 
activ cly employed for as long as possible. During on 
aaitc episode of the type which invariably icmiits 
it is surd)' preferable to assure the patient that he 
mJJ recover and to preserve silence on the subject 
of relapse, in view of the long periods of remission 
which may occur. No patient with this disease 
should be told its nature until the fact becomes 
self-evident, and even when all hope of remission 
seems past the patient should be advised Uiat im- 
provement is still possible. 

In the late bedridden stage httlc can be done 
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beyond meticulous care of the skin, bladder, and 
bovv'els, but vigorous administration of analgesics or 
sometimes even rhizotomy or cordotomy may he 
required to ease the pain of flexor spasms in the 
legs. Sometimes these may be abolished by means 
of mtratbecal injections of 5 per cent phenol in 
glycerin around the second and third lumbar roots. 

TlfE NEUnOMYELITIS OPTICA SYNDROME 

This disorder, also referred to as dlffttsc or dis- 
semfnated mychlls ivith optic neuritis, ophthalmo- 
ncufomyelitls, and Devics disease, is probably not 
a distinct nosologic entity, as it resembles on iho 
one hand multiple sclerosis and on tlic other dis- 
seminated encephalomyelitis and necrotizing en* 
ccphalomjelopathy. Clinical surveys of patients 
presenting with this syndrome tend to favor its 
identification as a form of multiple sclerosis, bat 
pathologic studies of fatal cases, particularly tho#e 
in which cavitation of white matter is found, have 
often revealed a more acute and uniformly severe 
destructive process than is usually seen in the lat’ 
ter disease. In the absence of any authoritative evi- 
dence to indicate in which group the condition 
rightly belongs, jt will be considered as a clinic^ 
syndrome witJi full recognition of the fact that IB 
exact nature is not yet established 

Definition. Neuromyelitis optica is a syndrofflo 
produced by a subacute demyelinating process ir»* 
volving the optic nerves and spinal cordj this proc- 
ess may be self-limiting and reversible or may b® 
progressive. 

Fafliology. To the naked ej’e the optic nerv'es and 
spinal cord are often soft, swollen, and congested 
Microscopy reveals c-xtensive demyelination in the 
optic nerves and chiasm, and a similar process fs 
seen in the spinal cord, sometimes localized to 3 
few cervical segments and sometimes more extci^ 
sive. Axis c)'ljnders are relatively intact, though 
swollen and irregular; there is microglial reaction 
in and around the demyelinaled areas, and periva#" 
cular infiltration with mononuclear cells is seen. 

Clinical Manifestations. The syndrome affects the 
sexes equally and can probably occur at any ag^ 
even during tlie first decade of life. In the so-called 
typical case there is often pain in the eyes, fob 
lowed by impairment of vision first in one eye but 
affecting Uie other witliin a few hours or da)"? 
\Tsual loss is variable in extent; characteristicalh' 
there are bijafcral central scotomas, but total blind' 
ness may occur, or one e)e m.iy be more severely 
affected. Papilledema is sometimes seen, but the 
optic disks often look normal Soon afterwards th^ 
characteristic picture of a transverse myelitis ap- 
pears, with flaccid paralysis, loss of sphincter con- 
Irol, absence of tendon reflexes and extensor plantar 
responses, and variable sensory loss in the e.xtrcnu' 
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ties, depending on the level o^ the lesion. Tlie 
sensorium is not affected Occasionally the spinal 
cord syndrome precedes the visual disturbance. It is 
possible that certain cases of bilateral optic neuritis 
without signs of cord damage may be abortive ex- 
amples of this syndrome, and the same may well be 
true of a proportion of cases of transverse myelitis. 

Cerebrospinal fluid changes arc not distinctive; 
the fluid may occasionally be normal but more often 
shows a moderate increase in protein and mono- 
nuclear cells. 

Diagnosis. The relationship of this syndrome to 
disseminated encephalomyeliUs and multiple sdero- 
sis has already been mentioned; tlie main reasons 
for considering it separately are that visv\al loss is 
rare in the former and not often bilateral in llie 
latter In cases with optic disk swelling, intracranial 
tumor may be considered in differentia] diagnosis, 
but this problem will rarely present serious diffi- 
culty; similarly, distinction from optic neuritis of 
diverse etiology viU usually be straightforward, 
since in the latter condition usually only one eye is 
affected. In cases witimut spinal cord invoKcment, 
temporal arteritis may come to mind as a possible 
cause of visual loss, but it affects a different age 
group and the appearance of the temporal artencs 
is chaTacterislic. In other cases the distinction from 
syphilitic meningomyelitls or cord tumor w'll gen- 
erally bo made with ease by spinal fluid examina- 
tion. 

Prognosis. About half the patients die, usually 
from intcrcurrent infection, but the others may 
recover to a remarkable c-xtent, some apparently 
completely. A significant number arc left with 
permanent severe visual loss and paraplegia. 

Treatment. There is no specific tlierapy for this 
condition; treatment must be directed to paUmtion 
of pain and other symptoms, and as in any' case of 
paraplegia, meticulous nursing care is required. 

DIFFUSE CEUEBRAL SCLEROSIS 

In 1012 Schilder first called attention to a dis- 
ease in which progressive massir e demyelfnalion of 
the white matter of the cerebral hemispheres oc- 
curred, and the condition was later referred to as 
Schilder s dtscasc or eficephalilis periaxialis diffusa. 
Since that time many other cases have been de- 
scribed, some resembling Schilder's original de- 
scription, otiiers differing In certain specific details. 
An attempt has been made by Krabbe, Pelizacus, 
Mcrzbacher, and others to define certain clinical 
subgroups on the basis of variations in age of onset, 
familial incidence, and clinical course. Three broad 
patljologic types }i.ave been distinguished, one cor- 
responding to Schilder's original description and 
another showing changes that cannot be distin- 
guislied from those of cerebral multiple sclerosis. 
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The third tyTic, which has been reNdewed in def.nil 
by Brain and Greenfield, under the name late in- 
fattitle meiachromatic Iciihoenccphalopathij^ is prob- 
ably a separate disease entity related to lipidosis, 
and it may be that the cases of Krabbe and those of 
Pelizaeus and Merzbacber were examples of this or 
a fourth condition (see Chap. 290, Leukodystro- 
pliy). 

Definition. The diffuse cerebral scleroses are a 
group of conditions of unknonn etiology, some oc- 
curring sporadically, others running in families, 
which arc characterized clinically by progressive 
visual failure, mental deterioration, and spastic pa- 
ralysis. and pathologically by massive deinyclination 
of tlic white matter of the cerebral hemispheres. 

Pathology, On inspection the brain often appears 
somewhat shrunken and feels firmer than usual. On 
section the while matter Is seen to be largely re- 
placed by a brovsTiish-gray, rubbery, translucent 
material which may- occ-isionally show small cavi- 
ties. Usually the process spares the subcortical 
arcuate fibers. The changes are generally most ad- 
vanced in the occipital lobes and involve live 
parietal and frontal areas to a variable extent, but 
occasionally they may begin frontally; the two 
hemispheres arc often not affected symmetrically 
Ba16 has described (.criain cases in which dc- 
myelination occurs m concentric rings surrounding 
nonnal areas of wliitc matter, Adams and Kubik 
believe this appearance to be an occasional feature 
of multiple sclerosis but not of diffuse sclerosis. 

Histologic examination usually reveals that nil 
myelin lias disappeared from the affected areas and 
that o-xis cylinders have been inioKcd to an almost 
equal extent. In the older parts of the lesion there 
Is proliferation of fibrous astrocytes, but m the more 
recent areas swollen astrocytes are seen and around 
the margins of the lesion miicroph.nges are plentiful. 
The oligodendrocytes arc almost completely de- 
stroyed Perivascular mfiltiaticm is minimal, but in 
the vicinity of the more recent lesions the peri- 
vascular spaces may contain numerous fat-filled 
macrophages. 

In the ractachromatic form of diffuse sclerosis 
(Drain and Greenfield), the macroscopic appear- 
ances arc similar though more symmetric, but there 
is severe degeneration of the interfascicular oligo- 
dcndroglia, and large granular bodies, staining 
metadiromatically with thionine, aro frequent. 

Clinical Manifestations. In about half the cases 
the condition begins in the first decade; Schilder’s 
original description was of a disease occurring in 
early childhood, but it is now recognized that this 
pathologic process may occur at any age. Mote 
males llian females suffer in childhood, but in later 
years the sexes are equally affccted- 

Tbe disorder often begins with slowly progres- 
sive visual failure, usually affecting both eyes simul- 
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tancously but occasionally beginning unilaterally. 
These features are succeeded by focal or general 
fits, dysphasia, mental deterioration, and variable 
weakness of the limbs, leading eventually to total 
blindness, dementia, and spastic quadriplegia. On 
occasion the onset may bo sudden, with headache, 
stupor, and con\’uIsions, in svhich case visual failure 
develops later. Nystagmus is common but other 
ocular signs are rare; If the patliologic change 
spreads to the temporal lobe, deafness may result 

The cerebrospinal fluid is generally nonnal but 
may show a slight increase in protein and mono- 
nuclear cells. 

Diagnosis. In a child presenting with visual loss, 
fits, progressive dementia, and spasticity the diag- 
nosis is often self-evident, but esen m such cases 
there may be difficulty in differentiation from cere- 
bral lipidosis or subacute inclusion encephalitis. In 
lipidosis, e.g , Tay-Saebs disease, there will gen- 
erally be a history of affection of other members of 
the family, but diagnosis from subacute encephalitis 
may be impossible clinically; differentiabon is only 
of academic interest since all these disorders arc 
progressive and uWmately fatal. The electroen- 
cephalogram, which shows paros)-smaI and bilat- 
erally synchronous slow-wave complexes in sub- 
acute encephalitis and almost continuous irregular 
spike-and-wave activity in bpidosis, may be of 
great value in tnaUng the distinction, since cases 
of Schildcr's disease show only diffuse slow rhythms 
Cases arising fn later life may be confused with 
intracranial tumor, necrotizing hemorrhagic en- 
ccplialopathy, and presenile or atherosclerotic de- 
tneuUa-, few cases in this age group, save those 
showing the classical clinical picture, are diagnosed 
during life. 

Prognosis. The disease is steadily progressive, 
usually leading to death within 3 years, but uncom- 
monly patients may survive, though progressively 
disabled, for longer periods. 

Treatment. No treatment is laiowm to influence 
the course of the disease, though vigorous anticon- 
vulsant therapy may be required for the control of 
seizures. 
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OOO NUTHITIONAL DISORDEBS 

AOO OF THE NERVOUS SYSTEM 

Maurice Vfeior artel 
Raymond D. Adams 

The general principles of deficiency disease have 
been presented m Chap. 57, and the reader should 
review' them as an introduction to tin’s discussion 
of deficiency diseases of the nervous system It is 
noteworthy that many of these principles were 
derived from the study of disordered nervous func- 
tion consequent upon dietary inadequacy. 
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Of the known vitamin deficiencies only those of 
the B group are of importance in neurology. A 
lack of the other known vitamins does not appear 
to have any effect on the brain, spinal cord, peripb- 
eral nerves, or muscles of man. Thiamine chloride, 
nicotinic acid, pyiidoxine, pantothenic acid, and 
riboflavin all play a role in carbohydrate metabolism 
upon which the central nervous system depends for 
its principal source of energy. Tbese vitamins are 
essentially coen^mes mainly in the Krebs citric 
acid cj'cle. Vitamin Bij is also of importance, but 
little is knowi of its mode of action. 

The history of our knowledge of the human B 
vitamin deficiencies in man is an interesting one, 
and the discovery of the effects of a deficiency of 
these vitamins represents one of the most brilliant 
achievements in neurologic medicine in the twen- 
tietli century. The action of single vitamins in 
neuronal metabolism h.'is been investigated m ex- 
perimental animals, hut our knowledge of those 
processes is still incomplete. Limitations of space do 
not permit a detailed review of these experiments 
nor of the experimentally induced deficiency states 
in man. 

Except for subacute combined degeneration of 
the spinal cord (vitamin B,- deficiency) and cer- 
tain instances of ■Wernicke’s disease (vitamin Bj 
deficiency), it is not possible to relate the clinical 
vitamin deficiency syndromes in man to a lack 
of single Vitamins. For example, polyneuropathy 
may result from one of several vitamin defieiendes 
Ithiamine chloride, pyridoxine (\1tamln Bo), and 
pantothenic acid]. Kloreovct such conditions as 
pellagra and beriberi consist of syndromes which 
are often the result of a simultaneous defidency of 
multiple vitamins. 

VITAMIN DEFICIENCIES OF THE HOMAN 
NEUVODS SYSTEM 

Wernicive's disease and Korsakoff’s psychosis 
Nuirilional poljueiiropathy (neuntio beriberi) 
Nulrition-al smbb'opia (retrobulb-ir ijeuropatby) 
Pellagra 

Stroehan’e synilroTOc 

Subacute combined degeneration of the cord 

With the exception of subacute combined de- 
generation of die cord, these syndromes ore rarely 
seen in pure form. In patients with nutritional dis- 
ease, it is usual for both the central and peripheral 
nenous s)-stcms to be involved, a clinical situation 
found in few other circumstances. Also, tho exaui- 
inotion of tlicse patients frequently discloses non- 
neurologio signs of malnutrition sucJi as genCTOl 
wasting, mucocutaneous lesions, circulatoiy ab- 
normalities. and skin lesions. 

In this country the nutritional disorders of ffie 
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nervous s>’stem are most often ohscived in tlia 
alcoholic population of the large urban centers. 
Alcohol plays a major role mainly by displacing 
food in the diet. It is also possible that excessive 
ingestion of alcohol impairs the absorption of nu- 
trients and increases the need for thiamine by 
adding nonvitamin calories to the diet. 

WEBNICKE’S DISEASE 
In 1881 Carl W'cmicke described an iUness of 
sudden onset, cliaracterized b)' mental disturbance, 
paralysis of eye movements, and ataric gait. Swell- 
ing of the optic disks with retinal liemorrhages was 
also said to be present, and in oU three of his pa- 
tients there was a progressive depression of the 
State of consciousness, and death. A fat'd outcome 
was at one time regarded as a unh'crsal feature of 
this disease. Wernicke described focal vascular 
lesions, primarily affecting the gray matter around 
the third and fourth ventricles and aqueduct of 
Sylvius. He regarded the disease as inflammatory 
in nature, and suggested the name acute superior 
Itemorrhagic polioenccpliaUtis. 

Since Wernicke’s time, vimvs regarding this 
disease have undergone considerable modification, 
dinically, pathologically, and etiological))' 
Symptoms and Signs. The crux of the clinical 
picture is the ocular disturbance; and tho cUnicai 
diagnosis of Wernicke's distMSe can hardly be made 
without it. Tho usual ocular motor signs consist of 
(1) nystagmus, both horizontal and vertical, (2) 
paralysis of tho external iccti, and (3) paralysis of 
conjugate gaze. These signs show a considerable 
dixerstty. The paralysis of conjugate movement 
x-aries from merely a nystagmus on extreme gaze 
in one direction to a complete loss of ocular move- 
ment in that direction. Also, verb'ea! movements 
may be affected, though abnormalities of the hori- 
zontal movement are commoner. Paralysis of doxvn- 
wardgaze is an unusual manifestation of Wernicke’s 
or, in fact, of any neuroophthalmic disease. Next 
to nystagmus, one most frequently encounters a 
lateral rectus muscle weakness or paralysis. Tlie 
sixth nerve palsy is alvx'ays bilateral, though not 
aUvays symmetric, and is accompanied by diplopia 
and internal strabismus. With complete paralysis 
nystagmus is absent, but it becomes evident as the 
xvealeness improves. In advanced stages of Uic dis- 
ease there may be a complete loss of ocular mox’c- 
ment, and the pupils, which ordinarily arc spared, 
may become miotic and nonrcacb’ng. Other ocular 
disturbances, such as ptosis, retrobulbar neuropathy, 
retinal hemorrhages, invoh'cment of the near-far 
focusing mechanism, and intemuclcar ophth.!!- 
mcjplegia arc decidedly rare, although they do occur 
on occasion. The authors have nex'er observed 
papiOedema in this disease. 
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The ataxia afFects stance and gait predominantly. 
In its severest form Uie patient is unable to stand 
or walk without support Tlie mildest degree of 
ataxia may be brouglit out only by special tests, 
sucli as heel-to-toe walking. In contrast to the gross 
disorder of locomotion is the relative inirecjoency 
of a clear-cut intention tremor. WTicn present, it 
affects the legs more than the arms. Scanning 
speech is present only in isolated instances. The 
ataxia of gait is cerebellar in origin, but it is often 
mistakenly attributed to a polyneuropathy. 

Affection of the peripheral nerves is common in 
Wernicke’s disease, occuning in over half the pa- 
tients; in the maj'orit)' of these patients, however, 
the signs of neuropathy are shght and could not 
account for the disordered gait. Nevertheless, in a 
small proportion the neuropathy is so severe that 
stance and gait cannot bo tested. 

Tlie third consistent clinical feature of Wernicke’s 
disease is the mental disturbance. Several distinct 
groups of sjTnptoms can be recognized. 

1. A small proportion of patients show the 
sjTnptoms of delirium tremens or its variants, i.e., 
hallucinations and other disorders of sense percep- 
tion, confusion, agitation, and autonomic over- 
activity. The symptoms are evanescent in nature 
and may clear without any treatment. 

2. The ntajority of patients are apathetic. list- 
loss, and severely confused. Unconsciousness as part 
of the initial episode is distinctly rare, but mild 
drowsiness is common. Tlie patient’s mental state 
is best described as one of disinterest or indif- 
ference. His spontaneous speech is minimal, and 
he is inattentive and cannot concentrate on the 
simplest task. Many questions directed to him go 
unanswered, or he may suspend conversation in the 
middle of a sentence, to turn over and sleep. He 
is readily roused from this state, however. Whatever 
questions the patient answers betray disorientation 
in time and place, mlsidcnUGcation of those aroimd 
him, and an Inabihtj' to grasp the meaning of his 
illness or immediate situation. Many of his remarks 
arc irrational and show no consistency from one 
moment to another. Under these circumstances a 
proper evaluation of tlie mental status is seldom 
possible, ^^■hcn the patient’s interest and nllcnlion 
can be maintained for a long enough period to 
ensure adequate testing, one usually Ends an Im- 
pairment of retentive memory and of other cogni- 
tive functions. If these patients are given thiamine 
or simply an adequate diet, they lose most of 
these symptoms in a matter of days. Tlicy become 
more alert, attentive, and responsive, and In gen- 
eral more able to take part in mental testing. At this 
time it becomes evident that the most prominent 
abnormality is one of retentive memory, or vvliat 
Is orchnarily regarded as Korsakoff's p^diosis. 

3. Some patients, from the lime they are first 
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scCTi show a disorder of retentive memorj’ and 
other cognitive functions characteristic of Korsa- 
koff’s psychosis. 

The symptoms of Wernicke’s disease all appear 
at the same time and rather abruptly, but more 
frequently the ophthalmoplegia and ataxia precede 
the mental signs by a few days or a week or two. 
The patient may also show other stigmas of malnu- 
trition, the most frequent of vvhich is polyneurop- 
athy. Occasionally, amblyopia or spinal spastic 
ataxia may be added to the clinical picture. Al- 
though neuropatliy is common in Wernicke’s dis- 
ease, the advanced stages of beriberi heart disease 
are rarely observ’ed. There are, however, indica- 
tions of disordered cardiovascular function in these 
patients, such as tachycardia, exertional dyspnea, 
postural hypotension, and minor electrocardio- 
graphic abnormalities. Occasionally the patient may 
die suddenly, the mode of death suggesting “cardio- 
vascular collapse.” It has been shown that Wer- 
nicke’s disease is characterized by a state of high 
cardiac output, out of proportion to the oxygen 
consumption. This is probably due to an abnormal 
stale of vasodilatation, vvhich in turn may be re- 
lated specifically to thiamine deficiency. Death oc- 
curs m about 15 per cent of hospitalized patients 
and is usually due to some serious complication, 
such as cirrhosis of the liver or tuberculosis. 

Pathologic Changes. Postmortem examination re- 
veals symmetrically located lesions in the para- 
ventricular regions of the thalamus and hypothala- 
mus, the mammillary bodies, the periaqueductal 
region of the mldbniin, the floor of the fourth 
ventricle, and the anterior lobe of the cerebellum, 
particularly the vermis. The lesions are invariably 
found m the mammillary bodies and less consist- 
ently in the other areas. Microscopically the prin- 
apal change consists of vTirying degrees of necrosis 
of parenchymal structures. Many nerve cells and 
fibers arc destroyed; others remain intact and are 
seen against a background of reactive glial elements, 
both astrotytes and microgliacytes. The blood ves- 
sels are prominent, owing to adventitial and endo- 
thelial proliferation. Hemorrhagic lesions, as ll'c 
onginal name suggests, are not present in all in- 
stances, and when they are give the appearance 
of being of recent origin. The oculomotor nuclei 
and the medial longitudinal fasciculi are involved 
only to a mild degree, vvhich is consistent with the 
rapid clinical improvement in oculomotor function. 

Etiology. Wernicke’s disease is no longer re- 
garded as inflammatory in nature or os the result 
of the ncurotoxic effects of alcohol. Nutritional de- 
fidency is now established as the causal factor. 
Outbreaks have been encountered in prisoner-of- 
war camps, and occasional cases have been reported 
In wasting diseases of varied origin, where alcohol 
played no p.art. Tiic specific nutritional factor 
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in most, if not all, of the symptomatology of 
Wernicke's disease is thiamine. The experimental 
evidence for this statement, both in animals and in 
man, is quite certain. This idea has received con- 
Brmation through numerous clinical observations. 
The marked sensitivity of the ophthalmoplegia to 
the administrafa’on of thiamine accounts for the 
rapid disappearance of this sign following the in- 
gestion of one or two meals. The quality of prompt 
reversibility suggests that these symptoms are due 
to a biochemical abnormality and not to stmctural 
change. On the other hand, the memory loss re- 
sponds slowly or not at all, suggesting that this 
symptom is the result of structural changes, pre- 
sumably in the mammillary bodies and adjacent 
areas in the walls of the third ventricle. 

KORSAKOFF'S PSYCHOSIS 
Korsakoff* s psychosis is generally defined as a 
state of “memory defect with confabulation.” These 
features alone, however, fail to characterize diis 
disease adequately. It is apparent from KorsakolT s 
^vritmgs that his patients displayed a much m'der 
range of symptoms, Including those of delirium and 
what he termed “irritable weakness” (anxiety, fear, 
and depression). Furthermore, if one subfects these 
patients to formal psychologic testing, they are 
found defective in concentration, verh^ and visual 
abstraction, visual-motor coordination, and learn- 
ing ability, l.e., in cognitive functions which depend 
little or not at all on memory functions. NevCTthe* 
less, as has been repeatedly stressed, memory is 
disproportionately disturbed. Thus a patient may 
be capable of performing adequately the problems 
posed by a standard intelligence test and yet, 
within a few minutes of completing the test, be 
unable to recall either the examiner or having taken 
the test. Although it is recent memory that suffers 
most, the memory of events preceding the illness 
is always defective, and even remote memory is 
defective in all but the mildest cases. 

Hand in hand with the disorder of memory func- 
tion is a persistent inability to learn newly presented 
material, i.c., to make "new memories.” Since the 
adaptation to every new situation requires the 
forming of new memories or at least combining 
new and old ones, it is the defect in this function 
wliich renders the patient lielpless in society and 
capable of performing only the most routine tasks. 
Moreover, when the patient attempts to reconstruct 
the recent past, there are large gaps in the recounted 
material. Only isolated facts are retained, and these 
are not combined in proper chronology, so that 
the whole is distorted. Or new material may be 
introduced, drawn from the patient’s oum experi- 
ence and having some logical relation to lire stot)’. 
This defect becomes obvious after the acute sta^ 


CHAT. 2SS 1841 
trf the illness has passed and some improvement in 
function has occurred, and it remains the dominant 
disturbance in all but tlie few patients who make a 
Complete recovery. 

Confabulation is widely regarded as a Specific 
symptom of Korsakoff’s psychosis, but it is found 
in many other confusional states as well. Although 
this symptom is frequently present in the early 
stages of the disease, it is not discerned in all the 
patients and is characteristically absent in the 
chronic stages of the disease. 

The outcome of Korsakoff’s psychosis varies. In 
a small proportion of patients complete recovery 
occurs. More commonly there is slow and incom- 
plete recovery over a year or longer. Depending on 
the severity of the residual symptoms, the patient 
may or may not be able to lead an independent 
existence out of a hospital. The residual mental 
state is usually one in wlvich the patient shows large 
gaps in memory and the inability to sort out events 
in their proper temporal sequence. If the patient is 
seen for the first time during this stage, the diag- 
nosis of "alcoholic deteriorated state” or “organic 
brain syndrome due to alcohol” is commonly made. 

The Unity of Wernicke’s Encephalopathy and 
Korsakoff’s Psychosis. Several allusions have already 
been made to the relation between these two 
syndromes. Clinically, the majority of patients with 
Wernicke’s disease show signs ot Korsakoff's psy- 
chosis, either from the time they are first seen or 
following a period of apathy and drowsiness. Con- 
versely, the vast majority of patients with an 
amnesUc-ccmfabulatory psychosis show tho stigmas 
of Wernicke's disease (slight nystagmus and ataxia) 
even years after the onset of the illness. The patho- 
logic changes in the brain are very much die s.ime 
whether the patient dies in tire acute stages of 
Wernicke’s disease or in the chronic phase of tlie 
illness, when the ocular palsies have cleared and 
the amnestic symptoms predominate. It would 
appear that in the nutritionally deficient alcoholic 
patient, Wernicke’s disease and Korsakoff’s psycho- 
sis represent but different facets of the same disease 
process. 

NUTRITIONAL POLYNEUROPATHY 
(Ncuxitic Beriberi) 

For many ye.ars it was believed th.it dry or 
neuritic beriberi was exclusively a disease of the 
Orient. Now it is established that no essential <lif. 
ference exists, clinic.illy or pathologically, heiwecn 
the neuropathy of beriberi and tliat which occurs 
among alcoholics in the \V'estcm Hemisphere. Even 
the cardiovuscular manifestations of beriberi h.ivc 
dicir counterpart In the alcoholic popul.ilions. The 
following description, therefore, .applies both to 
oIcolioUc neuropathy and dry (neuritic) beriberi. 
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Symptoms and Signs. Tlie sjTnptomatotogjr of 
nutriUona] polyneuropathy is retnarhaWy diverse. 
In fact, many patients are asymptomatic. Only on 
c’camination 'vill thinness of die leg musdes and 
loss or depression of the fcnee and anldc jerks or 
of the ankle jerks alone be detected. Less fre- 
quently, calf tenderness, somewhat diminished 
muscle power in the feet and legs, or a patchy 
blunting of pain and touch sensation o\*er the feet 
and shins ore also found. 

Patients with Uie manifest form of polj-neurop- 
atliy report a variety of symptoms consisting of 
weakness, paresthesias, and sometimes pain. The 
sj'mploms are usually insidious and slowly pro- 
gressive o\’er a period of a few weeks, although at 
times there may be a rapid progression of the weak- 
ness. In a small group the transition from an asymp- 
tomatic state to one of virtual paralysis occurs in a 
matter of several days. The sj’mptoms are at first 
referred to the distal portions of the limbs and 
progress protimally if the illness remains un- 
treated. The legs axe affected earlier than the arms 
and practically always more se\erc1y. Motor and 
sensory symptoms tend to occur concomitant!), 
although the patient may complain much more of 
one than tlie other. Usually sveaVness constitutes 
Iho source of disability. Sensory symptoms may. 
however, be Iroublesomei they consist mainly of 
numbness, pricUy feelings, col^ess. deadness, ten- 
derness of the calf and plantar musculature, or 
unusual sensitivity to contact In a minority of 
patients, pain and paresthesias constitute the chief 
complaints. The pain may take the form of a dull 
constant, acha In the feet, semeUmes of the entire 
leg; often the pains are sharp and lancinating, 
momentary in duration, Lkc the lightning pains of 
tabes dorsalis. Complaints of coldness arc com- 
mon, but they are purely subjective, the (cet feel- 
ing warm to touch. Much more distressing and 
incapacitating are the “burning” feelings and sensa- 
tions of heat; usually these affect the soles, and 
less frequently the dorsal aspects of the feet as 
well. They fluctuate in intensity or may be dearly 
intermittent in nature. Characteristically, a patient 
afllicted with pains and paresthesias suffers not 
one but all of the symptoms enumerated. Although 
the painful symptoms may arise spontaneously, they 
are made much worse by contact. The amount of 
pressure required to produce discomfort varies; in 
severe cases tlie patient cannot bear to hav'c the 
bedclothes touch his feet or to touch an eating 
iitcnsO. Because of these dy’sesthesias he may be 
unable or unwilling to walk, despite the preserva- 
tion of motor power. 

The examination reveals varying degrees of 
motor, reflex, and sensory loss. As the ^'mptoms 
would suggest, the signs are symmetric, usually more 
prominent m the distal portions of the limbs, and 
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often confined to the legs. The weakness varies 
greatly in degree. It may be evident only with 
muscular exertion, or it may take the form of a 
foot and wrist drop or even of a complete paralj-sis 
of the limb. Tlie deep reflexes in the legs are almost 
unixersally lost, ex'en with the mildest degrees of 
weakness. In the arms the tendon reflexes may 
occasionally be retained despite serious loss of 
power in the hands. In a small number of patients, 
particularly those with pain and paresthesias, the 
reflexes may be brisk. The sensory loss usually in- 
volves all the modalities. Although one cannot 
adequately equate touch, pain, and temperature, 
and vibratory and position sense, some patients 
seemingly show an impairment or loss of one mo- 
dality out of proportion to the others. There is no 
sharp border between normal and impaired sensa- 
tion, the sensory loss, which is most profound dis- 
lally, shades off gradually, the transition to normal 
sensation occurring over a long vertical extent of 
tlie hmb 

As a rule, only the limbs are affected, and the 
abdominal, thoracic, and bulbar musculature are 
intact. In some mstances of Oriental bcnberl, sen- 
sory loss has reportedly involved the face and ab- 
domen as well. Tinnitus, vertigo, nen'c deafness, 
aphonia due to vocal cord paraJy'sis (particularly In 
infants), and retrobulbar neuropathy may also 
complicate beriben in rare instances. The relation 
of these disturbances to beriberi has been a poini 
of contention that cannot be settled xvith finality, 
since the specific cause of neitlier is known. Far 
more frequently, they are engrafted on the syn- 
drome of ataxia and burning, -tendet feet asd wc 
therefore appropriately considered as a part of 
Strachan's syndrome. 

The spind fluid in these nutritional neuropathies 
and in Wemicke-Korsakoff disease is usually normal, 
although some cases show a modest elevation of 
the protein content. Normal spinal fluid findmgs 
may be helpful in distinguishing the rapidly evolv- 
ing form of nutritional neuropathy from iruectious 
polyneurihs. 

Recovery is invariably a slow process. In the mild- 
est cases there may be considerable restoration of 
motor power in a few weeks; in the severest forms 
several weeks in.ay pass before the first signs of 
recovery become manifest, and up to a year before 
the patient is able to walk unaided. Recover}- in 
severely affected patients is often inojmplete, and 
thqr may be left with some weakness of the feet 
and an absence of the knee and ankle jerks. Con- 
tractures may develop because of inadequate physi- 
otherapy, which greatly prolongs convdcsccnce. 

Pathologic Changes. Pathologically, there is a 
degeneration of the peripheral nerves, and in ad- 
v-anced cases, of the anterior and posterior nerve 
roots. Tlie degenerative process is more intense 
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in the distal portions of the nerves than in the 
proximal ones. Both the myelin and the axis cylin- 
ders are destroyed, the former probably earlier and 
to a greater extent than the latter. The degenera- 
tion is Wallerian in type in some places, whereas 
in others there may be short segments of nerve 
in which the myelin is lost and the bare axis cylin- 
ders remain (the segmental demyelinaUon of Gotn- 
bault). Dorsal root ganglion cells may be lost to a 
variable extent, and the anterior horn cells of the 
spinal cord show an axonal reaction. The latter 
change is probably secondary to the axis cylinder 
damage in the anterior toots and peripheral nerves. 

The "Burning Feel” Syndrome. The term burn- 
ing feet is frequently applied to a stale in which 
pain in the extremities is the outstanding symptom 
and in which the advanced signs of neuropathy 
may be absent. It was the subject of many reports 
from the prisoner-of-war and internment camps of 
the Far East. The pain rvas variously described as 
tingling, burning, aching, shooting, cramphfce, or 
resembling the bghlning pains of tabes. The pain 
was often very severe; it was greatest at night 
and interfered svith sleep. Some patients found 
relief from the application of cold; others only in 
movement. The presence of associated neuritic 
signs was a variable matter. In some patients, wast- 
ing, dropped foot, reBex loss, and sensory dianges 
were completely wanting; in a significant proportion 
the tendon reflexes were exaggerated, but without 
clonus or extensor plantar responses. However, in 
other patients, the painful feet were but one stage 
in the evolution of a peripheral neuropathy drar- 
aclerized by tenderness of the calves, reflex and 
sensory bss, and ataxia, and complicated in many 
cases by retrobulbar neuropathy. 

In alcoholic polyneuropathy, pain is the out- 
standing symptom m a relathely small number of 
patients; however, these do not constitute a distinct 
group in terms of their neurologic signs. In some 
cases the pain and dysesthesia may be associated 
with a severe degree of motor, reflex, and sensory 
loss. In others the weakness may be slight or ab- 
sent, and m rate instances reflexes may be retained. 
However, in all cases there is some degree of 
sensory loss, even where the slightest stimulus 
appears intolerable. The term lujperesthctic is not 
well chosen to describe such cases; since ft implies 
a heightened receptiveness of the ner%'ous system 
or an increased response of the receptors to tactile 
and painful stimuli. Actually, there is an underlying 
sensor)’ deficit or an elevated tlireshold to various 
stimuli; once the stimulus is perceived, howev'er, it 
may have a severely painful or unpleasant quality 
(hyperpalhia). The term burning is also not par- 
ticul-irly applicable, considering the wide varfet)’ of 
S)’mptonis apart from tlicrmal dysesthesias. Because 
of this, as Well ns the fact that the bands may be 
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involved, the term acrodijscsthesias, or painful ex- 
tremities, seems preferable. 

The specific deficiency responsible for the dys- 
esthesias has not been clearly estabh’shed. The 
pathophysiology is likewise unknown, SpiUane sug- 
gests that this affection represents an early stage 
of the nutritional disturbance in the nerves to the 
lower limbs. He draws an analogy to the burning 
pains produced by the interruption of conduction in 
large nerve fibers by rendering a limb ischemic. 
The authors have been impressed by the similarity 
of the pain to causalgia and in sev’cral patients 
have succeeded in abolishing the pain for several 
hours to days by paravertebral sympathetic block. 
These observations require confirmation. 

NUTRITIONAL AMBLYOPIA 

This term refers to the visual failure which oc- 
curs m nutritional disease and which fs not due to 
a lesion of the cornea or other parts of the eye 
concerned with refraction Since the primary lesion 
is probably in the retina, the term retrobulbar 
neuropathy is not a suitable synonym. The optic 
nerve lesion consists of a degeneration of myelinated 
fibers of (he zone and the papiUomacular bundle, 

Cltrtically the characteristic symptom Is a blur- 
ring of vision for near and distant objects, usually 
developing gradually over a period of several weeks. 
Examination discloses a reduction ui visual acuity, 
the presence of central and centrocecal scotomas, 
larger for red than for white test objects. A mild 
pallor of the temporal portion of the optic disk is a 
common finding. Retinal hemorrhages may be seen 
occasionally. These changes ate dwaj'S bilateral, 
and more or less s)mmetncal. Untreated, the dis- 
ease may progress to irreversible optic atrophy. 
With nutritious diet and vitamin supplements, im- 
provement occurs in all instances, though to a 
variable extent. 

Deficiency amblyopia was particularly prevalent 
during the last war in the prisoner-of-war and 
civilian internment camps of the Far East. Al- 
though it had previously been described in associa- 
tion with beriberi and pellagra, the peak incidence 
did not coincide with tliat of cither of these syn- 
dromes but with the mucocutaneous lesions in 
orogcnital regions and "burning feet” syndromes. 
In this country many, if not all, of the cases of 
retrobulbar neuropathy attributed to the toxic 
effects of alcohol or tobacco are probably of nutri- 
tional origin. Retrobulbar neuropathy may occur 
as the only manifestation of deficiency, but far 
more frequently it is combined vvith other nutri- 
tional sv-ndromes, such as peripheral neuropathy, 
the Wcrnickc-Korsakoff syndrome, or rarely by a 
spinal spastic and ataxic sj’ndrome (Strachan’s 
disease). 
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Treatment 

In all the acute neurologic disturbances outlined 
in die preceding pages it is essential to administer 
an adequate supply of B ^’ita^^ins at the earliest 
possible moment. A delay of a few hours may be 
crucial m determining whether the patient with 
Wemiclwc-Korsakof! disease may be restored to a 
state of mental competency. Fifty miDigrams of 
diiaminr chloride may be given intramuscularly 
and repeated each day until the patient resumes a 
normal diet The other B vitamins (nicotinic acid, 
pantodienic acid, and B«) may be given by mouth 
in dosages outlined in Chaps. 59 and 60. A particu* 
Ur danger attends the administration of intravenous 
ilucosc solution to a severely depicted patient, 
lor this maj eshaust his Last reserve of B vitamins 
.nil nsiilt m circulatory collapse and death. In this 
i lUried state bed rest is advisable, and if signs 
of cardiac we.akness are betrayed by pulmonary 
iJ-'mi. (ethic heart sounds, tachycardia, and low 
lilood pressure, rjpid digitalization should be under- 
i.ikcn Since these patients are confused and for- 
gi tful, their medical care must be supervised con- 
ti'i'iouslv by nurse and attendant, preferably on a 
ined.cal ward. 

If the patient is in good physical condition when 
first seen, it will prove sufficient merely to insist 
that he eat a balanced diet supplemented by B 
vitamins, though the latter arc probably not neces- 
vary. If alcoholic tlie p.-itienl must be made to 
.ibstain completely from all alcoholic beverages. 
Should the intake have been high until the day of 
iiospital entry, It is best gradually to reduce the daily 
quota over a period of a vvecK in order to avoid 
Convulsions or delirium tremens If hepatosis or 
cinhosis exists, it requires a program of treatment 
outlined m Cliap. 2S0. For deBdency polyneurop- 
a-swi vcrv'Atts'vty l-cct ^ 

foot cradle and cock-up splints, and codeine and 
acetylsalicjlic acid may be given in the first week 
or two. If the patient’s legs are too weak to support 
him and he is bedfast, one can expect upright 
stance and locomotion to be regained in 3 to 6 
months. Bummg p-iin if persistent and sev'ere may 
be relieved by svmp.ilhetic lumbar blocks and pos- 
sibly by sympallioljlic agents Phjsiotherapy in the 
fonn of genlJe massage, stretching of miisdes, and 
graded resistance exercises is useful during this 
period. As health improves the physician should 
remain alert to the appearance of depressive symp- 
toms and anxiety, which may retard the rcbal^ita- 
licm program. 

Nutritional amblyopia will respond to normal 
diet and vitamin B supplements. 

VroRnosh 

The outcome of these illnesses is alw'ays uncer- 
'^lain. Usually there is almost complete symptomatic 
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recovery from a nutritional polymeuropathy, the 
patient being in the end left only with diminished 
or absent ankle and knee reflexes and slight blunt- 
ing of sensation over feet and shins. As the nutri- 
tional amblyopia improves, central scotomas and 
diminished visual acuity may persist and the tem- 
poral sectors of optic disks become pale. The 
memory and learning defects of Korsakoff’s psych(»- 
sis usually improves to some degree but if severe at 
first a permanent disability requiring institutionali- 
zation is not infrequent. Nystagmus may also per- 
sist, but usually the disorder of gait subsides as do 
the ocular palsies. 

Although the nutritional origin of this type of 
amblyopia seems established, specific nutrient 
responsible is vmceTtain. Isolated reports have im- 
plicated riboflavin, thiamine, and vitamin Bij, hut 
the evidence provided is inconclusive. 

PELLAGRA 

This discussion is concerned only with the neu- 
rologic manifestations, which in themselves are e<- 
ireroely diverse. Pellagra is essentially an encepha- 
lopathy, although involvement of other parts of the 
nervous system may occur. The mental lymploms 
may be mistaken for those of a p^’choncurosi#- 
Insomnia, fatigue, nervousness, irritability, or feel- 
ings of depression are common complaints. Exami- 
nation may reveal retardab’on of mental processes 
and impairment of memory. Sometimes an acuta 
confusional psychosis combined with changingtl^'d- 
ity of the limbs, grasping and sucking reflexes, and 
Babinski signs, dominates tlie clinical picture. Pel- 
lagra not only may produce insanity but occasion- 
ally may residt from it because of the anorexia and 
refusal of food that accompany certain mental ill- 
nesses. The manifestations of spinal cord involve- 
ment hav e not been, clearly delineated., perhaps be- 
cause the mental state of the patients has preduded 
accurate testing In general, they are referable to 
both the posterior columns and the lateral column, 
predominantly the former. N’curitic signs are com- 
mon and are often difficult to distinguish from affec- 
tion of the posterior columns. Signs such as tremors, 
extrapyramidal rigidity, sucking .and grasping re- 
flexes, and coma have often been included In th® 
pellagrous s>Tidrome, as have various disorders of 
the qiecial senses. 

"The distinctiv’e pathologic changes in pellagra 
are most readily discerned in the large cells of the 
motor cortex, the cells of Betz, which appear swol- 
len and rounded, with eccentric nuclei and loss oI 
the NissI particles. This change was first desenbed 
by Adolf Mi^er as central neuritis and is frequently 
referred to as axonal reaction because of the simi- 
lanty to the nerve cell cliange which occurs in th^ 
anterior horn cells when their axones are severed. 
The central neuritis of pellagra is probably not 
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dependent on injury to the axones of the Betz c^s, 
but appears to represent a primary affection of the 
whole motor cell. The spinal cord lesions taJce the 
form of a symmetric degeneration of die dorsal 
columns, especially of Goll, and to a lesser extent 
of the pyramidal tracts. The posterior column de- 
generation affects a specific system of fibers and is 
secondary to the degeneration of the posterior 
roots. The nature of the pyramidal tract lesion in 
pellagra is not known; one can only speculate that 
this change is secondary to the pyramidal cell 
degeneration. 

A spinal spastic syndrome, apart from the other 
symptoms and signs of pellagra, may be a rare 
manifestation of deficiency disease. The chief clini- 
cal signs are spastic weakness of the legs with 
absent abdominal and increased tendon reflexes, 
clonus, and extensor plantar responses. These signs 
are usually accompanied by other signs of imtti- 
tional deficiency, such as Wernicke’s disease and 
retrobulbar and peripheral neuropathy. 

Treatment. If there is an acute nicotinic acid 
encephalopathy, prompt administration of nico- 
tinic acid or nicotinamide in a dose of 50 to 100 
mg intravenously, in 1,000 to 1,500 ml of normal 
sahne, is indicated. Othenvise the oral administra- 
tion of either of these drugs in a dose of 50 to 100 
mg per day and a balanced ration of green vege- 
tables, lean meat, and fruit rvill be adequate. 

Prognosis. Improvement may be dramatic and 
recovery complete if the neurologic symptoms were 
not too severe or long-standing before treatment 
was started. Many patients appear to be left wtb 
3 curious psychic weakness in rvhich irritability, 
mild suspiciousness, moodiness, lack of power of 
concentration, and indisposition to work arc the 
main symptoms. Tire signs of pyramidal tract dis- 
ease nearly always disappear. 

STRACHAN’S SYNDROME 

Beginning \vith the report of Strachan in 1888 
and culminating with the recent observations 
among prisoners of war and civilian internees, 
there has appeared a large number of reports con- 
cerning a nutritional disorder of the nervous ^tem 
which cannot be forced into the boundaries of the 
classical syndromes described above. Strachan was 
the first to describe this syndrome, althou^ be 
did not recognize its nutritional etiology. 

Strachan’s syndrome is essentially a disorder of 
the peripheral and optic nerves. Clinically, sensory 
symptoms and signs dominate the picture; in this 
respect the syndrome differs from benberi. Pares- 
thesias of the extremities, face, and trunk, painful 
“hyperesthesia” of the feet, loss of superficial and 
deep sensation, and ataxia are the common mani- 
festations. On the other hand, foot drop and musde 
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weakn^s occur very rarely. A frequent associated 
disorder is failing vision, which may go on to com- 
plete blindness and pallor of the optic disks. In 
general, deafness and vertigo are rare complica- 
tions, hut in some outbreaks these symptoms were 
so common as to earn the epithet “camp dizziness. 
In some patients, as in the group described by 
Cruikshank, spasticity, increased tendon reflexes, 
and Babinski signs are prominent, indicating in- 
volvement of the pyramidal tracts. Along with the 
neurologic signs there may be varying degrees of 
stomatoglossitis, corneal degeneration, and genital 
dermatitis; these mucocutaneous lesions arc often 
spoken of togetlier as the orogenital syndrotfif^ and 
are quite distinct from those of pellagra. 

There have been only a few pathologic studies 
of this syndrome. Aside from the damage to the 
papillomacular bundle in tJie optic nerve, the most 
coT^sistent abnormality has been a loss of medul- 
lated fibers in each column of Coll adjacent to the 
midline TTiis indicates a systematized degenera- 
tion of the central process of the bipolar sensory 
neurone of the lumbosacral spinal ganglion#- The 
fact that the primary sensory neurone is the chief 
site of disease is consistent with the predominant 
sensory s)'roptomatology. Cases with pj-rnmidal 
tract signs have not been e.\amined pathologically- 

SUBACUTE COMBINED DEGENERATION 
OF THE SPINAL CORD AND BRAIN 

Subacute combined degeneration of the spinal 
cord, the Tieurologic compontTit of pemievoua a-ue- 
mia, is due to vitamin Bis deficiency but is tflcarly 
different from the other nutritional diseases- The 
disease results iwt from the lack of vitamin Bja m 
the food but from the inabihty to transfer rjunu^c 
amounts of this nutrient across the intestinal mu- 
cosa. Such “starvation in the midst of plenty has 
been called conditioned deficiency disease, svuce it 
depends on the lack of an intrinsic factor in the 
gastric secretion. The general features of pernicious 
anemia are fully discussed in Chap. 235; here only 
the neurologic manifestations will be considered. 

Clinical Manifestations. Symptoms of ncr'ous 
system disease are present in the large majority of 
patients with pernicious anemia. The patient first 
notices general weakness and paresthesias consist- 
ing of tingling, “pins and needles" feelings, or other 
vaguely described sensations. The paresthesias 
tend to be constant, to progress steadily, and to be 
the source of much distress. They arc localiz«l to 
the distal parts of all foul limbs in a sj-mmetric dis- 
tribution, the lower extremities usually being in- 
wived before the upper ones. As the illness pro- 
gresses, stiffness and weakness of the limbs develop, 
especially of the legs, which combined with a de- 
fect in postural sensation produce a \\’cak, unsteady 
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gait and a\vkwardne<» of the limbs. If tlie disease 
remains imtrcaled, an ataxic paraplegia xn'lh \wl- 
ablf degrees of spasticity and contracture may 
dcv-clop. 

Early in the course of the illness, svhen only 
paresthesias are present, there may be no objective 
signs. Later, the neurologic examination discloses 
a disorder of the posterior and lateral columns of 
the spinal cord, predominantly of the former. Loss 
of vibration sense is by far the most consistent 
sign, it is more pronounced in the legs U»an in the 
arms, and frequently it extends over the trunk. 
Position sense Is involved somewhat loss frequently. 
Tlic motor signs include loss of power, spastiaty, 
changes in the tendon reflexes, clonus, and extensor 
plantar responses. These signs are practically lim- 
ited to the legs. At first the patellar and Achilles 
reflexes arc found to be diminished in actixity as 
frequently ns tlicy are increased, and may even be 
absent. \Vith treatment the reflexes may return to 
normal or even become hyperactive The gait at 
first is predominantly ataxic, later ataxic and 
spastic. 

Isolated instances of loss of supcrfici.-il sensation 
below a segmental level on the trunk do occur, 
implicating the spmothalamic tracts, but such a 
finding should always suggest the possibility of 
some other disease of the spinal cord Tlic defect of 
cutaneous sensation takes the form of a mild blunt- 
ing of touch, pain, and temperature sensation over 
the limbs in a distal distribution, but such a finding 
IS also uncximmon. 

The nervous system involvement in subacute 
combined degeneration is eliaraetonsticilly. al- 
though not always, symmetric. A definite asym- 
metry of motor or sensory findings maint.aincd over 
a period of weeks or months should always cast 
doubt on the diagnosb of subacute combined de- 
generation of the spinal cord 

Mental signs are frequent, ranging from irrita- 
bility, apathy, somnolence, suspiciousness, and 
emotional instability to a marked confusional or 
depressive psychosis, or intellectual deterioration. 
Signs of visual Impairment are distinctly rare; 
when present, they take the form of centrocecal 
scotomas. If involvement of the optic nerve is 
severe, optic atrophy may occur. 

Neuropalhologic Changes. The patfiologic proc- 
ess lakes the form of dilfusc, although uneven, 
degeneration of the vvliilc matter. Tlicre arc multi- 
ple foci of spongy degeneration, often in relation 
to small blood vessels. The myelin sheaths and the 
axis cylinders are both ailectcd, the former perhaps 
earlier and to a greater extent than the latter. There 
is relatively little fibrous gliosis in the early lesions, 
but in the older trc.vted cases, gliosis is pronounced. 
Tlic changes begin in the posterior columns of the 
'•^thomde cord and sjvrcad from this region up and 
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down the cord, as well as forward into the l.iteral 
columns. The lesions are not limited to specific 
sy'stcms of fibers within the posterior and lateral 
funiculi but are scattered irregularly through the 
btter. 

Tire paresthesias, impairment of vibratory and 
position sense, ataxia, and the Romberg sign arc 
due to affection of the posterior columns, and le- 
sions here may also account for loss of tendon 
reflexes. Weakness, spasticity, increased tendon re- 
flexes. and Babtnski signs depend on involvement 
of the pyramidal tracts in the lateral columns. The 
spinothalamic tract may lie involved in the patlio- 
logic process, which explains the occasional clinical 
finding of loss of pain and temperature sensation 
at a segmental lev-el on the trunk. In advanced 
forms of the disease, pathologic changes similar to 
those in the spinal cord may be found in the white 
matter of the brain and the optic nerves. 

There is no unanimity of opinion regarding the 
occurrence of lesions in the peripheral nerves in 
pernicious anemia The evidence is largely inferen' 
tial The distal and symmetric blunting to pain, 
touch, and temperature that occurs in many case# 
is certainly a point in favor of peripheral nerve 
disease. It has been shown that there is a loss of 
myelin in peripheral nerves, but there is no con' 
vincing evidence that axis cylinders are affected. 

The spina/ fluid is usually normal, although oc- 
casionaUy there may be a slight elevation of the 
protein content. See Chap. 235 for other laboratory 
findings in pernicious anemia. 

Eflicacy of Liver and Vitamin Bjg. At first it vvaJ 
believed th. 1 t the spinal cord and blood changM 
were due to separate deficiencies, and for this 
reason treatment with liver extract was supple- 
mented with crude liver. However, it is now known 
that the response to vitamin Bjs alone is in all 
ways comparable to that from refined liver extract 
or crude liver. One microgram of parentcrally ad- 
ministered vitamin Bj. daily Is theoretically an ade- 
quate dos.ige in the treatment of subacute com- 
bined degeneration of the cord, but in practice 
much larger amounts should be used. 

Tlie most important factor influencing the re- 
sponse to treatment is the duration of the disease, 
which for practical purposes may be me.isurcd by 
the duration of difficulty in walking. Tlie grc-itest 
improvement occurs in those whose difficulty in 
walking is of less than 3 months’ duration! in fact. 
It may be complete if therapy is instituted soon 
after the onset of symptoms For this reason, the 
diagnosis of subacute combined degeneration is a 
matter of great urgenev'. Conversely, the Icnst im- 
provement occurs in those with difficulty in walk- 
ing of longer than 2 jears’ duration. In practically 
all instances at least parlml improvement is ef- 
fected, oltliough in long-standing cases often tlie 
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best that can be be accomplished is arrest of pro- 
gression. Other factors such as age, sc\, sc\’erity, 
arteriosclerosis, Irs-pcrtcirsion, and the degree of 
anemia arc relatircly unimportant. Neurologic re- 
lapses during therapy are usually associated with 
infections and can be corrected by increasing the 
dose of vitamin Bij. All neurologic sj-mptoms and 
signs may be improved; extensor plantar responses 
are as responsive to treatment ns paresthesias and 
loss of xibratorj’ sense. The return of absent deep 
reflexes is commonly observed, although at times 
it may take longer than a year. Improvement occurs 
mostly during the first 3 to 6 months of therapy 
and then continues at a slower tempo for a year 
and frequently longer. 

Diagnosis. The chief obstacle in the early diag- 
nosis of subacute combined degeneration of the 
cord is the lack of parallelism between the hema- 
tologic remission for an indefinite period, while the 
neurologic signs u'orsen, often to an irrcr'ersible 
stage. Other problems concern the difficulty of dis- 
tinguishing between intrinsic spinal cord disease of 
nonpemicious anemia t)pe from posterior and 
lateral column disease due to pernicious anemia, 
nnd of distinguishing pernicious anemia and sub- 
acute combined degeneration from other macro- 
cytic anemias and their associated neurologic dis- 
turbances. 

In most instances the diagnosis can be m.ade by 
utilizlrig the standard methods for the diagnosis 
of pernicious anemia (sea Chap. 233), the e.xami- 
nation of the blood, g-astric acidit)’, and the bone 
marrow. These methods arc of limited value when 
the anemia is mild or absent or when the anemia 
has been corrected by fohe acid. A therapeutic 
trial of vitamin. may be employed, hut recourse 
to such a procedure means that therapy must be 
continued indefinitely, and the diagnosis may re- 
main in doubt. Under these circumstances a num- 
ber of refined diagnostic aids may be employed, 
such as the Schilling test or the microbiologic assay 
of Bi 2 utilizing the organism Ltiglena gracilis. 
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METABOLIC DISEASES 
OF THE BRAIN 

Raymond D. Adams 

Some of the most exciting developments in the 
whole history of neurologic medicine loom in fair 
prospect before us because of recent advances in 
our knowledge of metabolism. Already it has be- 
come apparent that many diseases of the ncrx'ous 
system, formerly classed as degenerative, are more 
properly to be comprehended in terms of subtle 
derangements of the liver and endocrine glands, 
which in turn have acted on the nervous system 
through the blood. As would be expected some of 
these disorders of metabolism are of rather general 
nature and exert their effects on many organs, 
including the nervous system. It has been expedient 
to group them together in a category of general 
metabolic disease, ns was done in P.irt Four, Sec- 
tion 5. In others the brain is so clearly the target 
organ and the principal manifestations are so 
uniquely neurologic that it has been more appro- 
priate to consider them with the other diseases of 
the nervous system. To place them here also serves 
other purposes— to underscore once again the in- 
separability of neurology and internal medicine and 
the probability that the cause of most diseases of 
the nervous system lies outside it and to dispel the 
belief that present concepts of "degenerative” or 
abiotrophic possess any essenbal vabdity as expla- 
nations of disease. 

SPECUL METABOLIC REQUIREMENTS 
OF THE BRAIN 

Much that has been presented in Chaps. 51 to 54 
is relevant to the understanding of the structure 
and function of the neurones of the centxal nerx'ous 
system, just as it is to the cells of other organs 
and tissues. But as neurochemfstry has progressed 
in recent years, several special ways in which the 
chemistry of the brain and probably the spinal cord 
differ from other viscera have been discovered. 
Some of these are pertinent to neuropathology. 

One of the first and most essential facts about 
the chemistry of tJie nervous system is its con- 
tinuously high metabolic rate, during both waking 
and sleeping hours; this is expressed in terms of 
oxygen consumption per minute, the requirement 
of the brain being approximately 50 cc per nun in 
the adult and 05 cc in a six-year-oId child (the 
equivalent of 20 per cent of the total oxygen con- 
sumption of the body in the adult and 50 per cent 
in the child). To supply this amount of oxygen the 
cerebral blood Bow, which is determined at any 
one moment by the effective arterial pressure, 
blood volume, peripheral vasomotor tone, and the 
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cerebral vascular resistance, must be maintained at 
approximately 730 cc per min in the adult (20 per 
cent of total cardiac output) and 1,250 cc in the 
child (-JO per cent of total cardiac output). Since 
the brain can store no oxygen and the net yield of 
cnerg)’ in jts absence is relatively small, tliis organ 
more than any other is absolutely dependent upon 
a steady supply of oxygen to maintain cellular 
metabolism A critical fall in the ot)'gcnation of 
arterial blood, or in the blood levels of hemoglobin, 
or in tlie red blood cells, or in the effective arterial 
blood pressure may impair the function and even 
destroy parts of the brain 

A second special feature of brain metabolism is 
the importance of glucose as its principal nutrient. 
Of the many available raw materials such as carbo* 
hjdrate, lipid, and proteins only glucose crosses the 
blood-brain barrier in sufficient quantity to main- 
tain cerebral ovidative metabolism. The adult brain 
needs approximately 75 mg of glucose per minute, 
about 65 per cent of all that is available to the 
body, and since tliere is no significant store of 
glucose in the form of glycogen, it is dependent 
upon that which is delivered from minute to min- 
ute In keeping with its exclusive use of glucose as 
a nutrient, the respiratory quotient (RQ) of the 
brain Is 0 99. Insulin, strangely enough, plays no 
part in cerebral oxidative metabolism Complete 
oxidation of glucose to COj and HjO occurs in 
tliree interrelated stages: (1) glycolysis, (2) Krebs 
citric acid cycle, and (3) the cytochrome or elec- 
tron transport system These have been described 
m Chap. 52 The glycolytic process is anaerobic 
but yields only a small amount of c-ner^ in tlic 
form of ATP. The tricarboxylic cycle is aerobic, but 
again the energy yield is too small for cerebral 
demands The great source of energy comes from 
the electron transport system, throe ener^-rich 
phosphate bonds being formed for each hydrogen 
pair. Cellular metabolism has adapted itself to the 
utilization of such phosphate-stored energy. If the 
cytochrome transport system, an aerobic process, 
should fail for lack of oxygen the Krehs citric acid 
cycle IS stalled In vivo expenmonts have recently 
rev ealed a suipnsing finduig — that of all the glucose 
used only about 35 per cent is directly oxidiicd. An 
almost equal amount is converted into amino acids 
and the remainder into lipids and proteins. Tliis 
me.ins that these latter constituents of the brain are 
constantly being metabolized and renewed, in con- 
trast to certain of the complex lipids and proleo- 
lipids of my elm which remain relatively stable for 
years. It explains the fact that under conditions of 
hypoglycemia within a period of GO to 90 min 
cerebral metabolism (Oj utilization) not only is 
reduced but brain structure is destroyed as essen- 
tial subst.mces such as lipids and proteins are called 
, upon to sustain metabolism. 


DISEASES OF ORGAN SYSTEMS 
The third and l.ist pecub'arity of cerebral metab- 
olism wliich will be mentioned is the important 
role played by glul.imic acid, glutamine, yam}, 
nobu^ric acid (GABA), and aspartic acid. Glu- 
tamic acid or its amide, glutamine, is present in 
higlicr concentration in the brain than in any other 
organ, and it has been shown that it is the only 
amino acid capable of sustaining oxidative metab. 
olism in tissue slices. Tlie majority of free amino 
adds in the brain arc derived from the same group 
Pyridoxal phosphate (vitamin B(j) or pyridoxine is 
the cocn^’me which catalyzes these amino arid 
reactions. A closely related substance y-aminohu. 
tyric acid is entirely unique to the mammalian nerv- 
ous system. These four amino acids are locahzed 
principally in the gray matter in varying amounts. 
In viv’o experiments have shown that relatively 
little glutamic acid, aspartic add, and y-amino- 
butyric add can penetrate the blood-brain barrier, 
but glutamine m.iy do so freely as does also the 
amide of aspartic acid, asparagine. However, glu- 
cose is probably the main source of cerebral pu- 
tamate, being provided as a by-product of the 
Krebs tricarboxylic cycle via o-ketoglutaratc. This 
latter reaction is of major Importance in ammonia 
and amino add metabolism, it utilizes two enzymes, 
glutamic dehydrogenase and glutamic transami- 
nase, and pyridoxine is the coenzjTne. Essentially 
glutamic acid synthesis involves the addition of an- 
other amine or NII 3 group to glutamic acid. Hence 
It is one of the principal means of removing or 
detoxifying excess ammonia. y-Aminobutyric acid 
is formed from glutamic acid, a reaction which has 
not been demonstrated in any other organ. Both 
glutamic acid and y*aminobutyric acid could serve 
as substrates for oxidative metabolism, but their 
importance cannot be stated as this time. 

CLASSIFICATION OF METABOLIC 
DISEASES OF THE NERVOUS SYSTEM 
One large category of these metabolic diseases of 
the nervous system are those in which the cerebral 
disorder is related to a demonstrated fault in gen- 
eral metaboLsm, the latter traceable to a disease 
of the heart and circulation, lungs, liver, kidneys, 
and endocrine glands. In tills group may be in- 
cluded acute hypoxi.x, hypercapnia, acute hepatic 
stupor or coma, uremia, hypoglycemia, acidosis 
(diabetic, uremic, and other), Addison’s disease, 
Cushing’s syndrome, hyper- and liypothyroidisro, 
and hypoparathyroidism. A second category com- 
prises disorders of the nervous system and also 
other organs, in which a metabolic abnormality of 
obscure nature may explain both the lesions in 
the brain and other organs. Here reference is made 
to such conditions as hepatolenticular degeneration, 
porphyria, galactosemia, glycogen storage diseases, 
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plienylpyruvic oUgophrenia and several of the syn- 
dromes of aminoaciduria with mental defect, and 
most recently the Komzweig-Bassen syndrome. 
Some of tliese are familial as arc many of those of 
the third category which encompasses cerebral dis- 
orders of assumed metabolic origin in which no 
evidence of disease in other viscera or in blood can 
presently be evoked. Representatives of this third 
class of disease are: the leukodystrophies, lipid 
storage diseases, Friedreich’s ataxia, dystonia mus- 
culorum deformans. Jakob-Creutzfeldt-Heidenhain’s 
disease, and many others discussed in the chapter 
on degenerative diseases. 

A classification of this t)^© provides a concep- 
tual locus for all the knorvn varieties of nerv'ous 
disease and ultimately will bring them into orderly 
relationship to the chemistry of the nervous sys- 
tem. IIowc\'er, it leaves the clinician without a prac- 
tical approach to the subject, until he has been able 
to reach a diagnosis. Only then is it possible to 
turn to the relevant published literature for de- 
tailed information concerning his patient. More 
helpful, it would seem, would be clinical dassifiea- 
tion in which diseases with similar clinical manifes- 
tations are grouped together. Final diagnosis de- 
pends then on the diFcrenti.'ition by clinical and 
laboratory methods of the several diseases sub- 
sumed in a single syndrome. Such is the scheme 
which follows. 

Table SSO-'I. ctASSiriCATiON or siETAnouc diseases 

or THE BRAIN 

I. Metabolic diseases presenting a.s ae>'ndromeot acute 
impairment of consciousneu fconfasioD, stupor, and 
coma, uitii or without seizures) 

A. ilypoxia 

B. Hypercapnia 

C. Hypoglycemia 

D. Acidosis 

C. Uremia 

F, llepatie failure 

G. Addison's disease 

II. Mefalwlic diseases presenting as chronic dementia 
(mctiliil retardation in childhood) or extrapyramidai 
or cerebellar motor disorder or other oeurolo^e ab- 
normality 

A. Liver disease or Eck fistula and hepatolcDlicular 
degeneration of 'Wilson 

D. Porphyria 

C. Cushing's disease 

D. HypothyToidism 

E. Hypoparathyroidism and Fahr's syndrome 

F. Aminoacidurias 

G. Lipid storage diseases 
ll. Leukodystrophies 

I. Kornzweig-Bassen syndrome 

Here only a few of these many diseases will be 

considered in detail, and the reader is referred to 
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other sections of the book for the definitive dis- 
cussion of the metabolic aberration and its main 
clinical expression, if generalized. 

Syndrome of Impaired Consciousness 

Tlie character of these types of derangement 
have been described in detail in Chap. 34, and it 
was therein stated that a metabolic disorder of the 
brain should be considered when there was an 
acute disturbance of consciousness witliout localiz- 
ing or lateralizing signs and without change in the 
cerebrospinal fluid. An intoxication with alcohol or 
other drug enters prominently in the differential 
diagnosis, as docs also a nutritional disorder due to 
lack of B vitamins. 

Actilc II)'pot{e Encephalopathy. The hypoxic 
states have already been described in Chap. 14. 
But it Is important for the clinician to realize that 
a hypoxic accident so often encountered in the 
emergency room or on the wards of a genera! 
hospital is one of the more frequent causes of death 
or even worse, the cause of the tragedy of perma- 
nent coma 01 mental enfecblement. The medical 
situations xvhich most often have led to this have 
been strangulation (blood, surgical pack or sponge, 
foreign body), respiratory-cardiac arrest during in- 
halation, spinal or intrnienous anesthesia, cardiac 
disease svith ancst, disease which causes paralysis of 
respiratory muscles such os poliomyelitis or acute 
idiopathic polyneuritis, central nervous system dis- 
ease (cerebrovascular lesions, acute to.xic encepha- 
lopathy (in children), epilepsy, head injury, etc , 
with respiratory arrest). Carbon monoxide intoxica- 
tion has similar effects. Mild hypoxia induces only 
inattentiveness, poor judgment, and motor incoor- 
dination and has no lasting effects if corrected Se- 
vere hypoxia causes coma within less than a minute, 
but again recovery ^vlIl be complete if breathing, 
oi^'genation of blood, or cardiac action is restored 
within 3 to 5 min. Periods of hypoxia with coma 
that exceed 7 to 8 min usually result in serious and 
penn.'inent injury to the brain, particularly in those 
parts most susceptible to injury because of the mar- 
ginal efficiency’ of their circulation (globus pallidus, 
cerebral cortex, especially that of the hippocampus 
and parietal-occipital regions, and cerebellar cortex) 
Howex’er, it is difficult to judge the degree of hy- 
poxia accurately since slight heart action or an im- 
percephble blood pressure may serve to maintain 
some degree of circulation. Hence some individuals 
have made an excellent recovery after alleged cere- 
bral hypo-xia of 8 to 10 min or longer. Degrees of 
hypoxia which do not at any time abolish con- 
sciousness rarely if ever cause permanent damage to 
the nervous system. 

The patient who has suffered a serious hy-poxic 
episode is often breathing normally and has good 
color and normal heart action when first seen. Thc_ 



1S30 ire, 7 

hjpoxic crisii his already terminated. Yet he may 
Iw profoundly comatose 'Mlh dilated, fixed pupils. 
c\cs slij;ljlly divergent and motionless or roviug 
from side to side, and limbs and tendon reflexes 
diminished or absent. Within u few minutes after 
cardiac acbon and breathing have been restored, 
generalized convulsions and also isolated or 
grouped twitches of muscles (m)oc!onus) super* 
vcnc. If the damage is severe coma persists and 
ileccrcbratc postures miy be present or occur upon 
pincliing the limbs, and bilatcnnl Babinski signs can 
ixj evoked. In the first 24 to 48 hr death may tcrmi* 
nate this state. In a setting oI rising temperature, 
deepening coma, and circulatory collapse. If the 
patient survives this period he usually begins to 
respond In var)’ing degrees. A period of restlessness 
and cliaotic movement, sometimes clearly revealing 
ataxi.i, and myoclonic jerks or choreoathetosis ap- 
pear. Again improvement may he arrested at this 
point, some patients remain unresponsive with bi- 
zarre postures until their death several weeks, 
months, or years later- No electrical activity is seen 
in their electroencephalogram, and at autopsy 
nearly all cerebnl and cerebellar cortex is found to 
have been dc$tro>cd If further Improvement takes 
place, os it usiully does In the less danvoged pa- 
tients, consciousness may be regained and then 
confusion, visual agnosia, or any one of several 
t)pcx of aliiionnal movement bc-comes manifest. 
Some of these patients quickly p.iss through this 
plu.se and procetd to make a full recovery; others 
ore left with some disabling $)iidfome. Seizures 
may or mav not continue to be a problem One 
vHvcxplaincu phenomenon is an initial Improvement 
for 1 to 2 davs followed by a relapse, a further 
progression of the neurological syndrome, and 
death after 1 to 2 weeks 

Tluj ptrmincnt neurologic sequelae, which may 
l>e cl.isscd 05 llio posthjpoxic sjudromcs ore: de- 
mciill.v with or without cxtrap)ramidal sijpis, visual 
agiiiisia with variable rigidity of limbs and slowness 
Ilf movement, P.'irkinsoniau syndrome, cliorcoatlic- 
iDsis. tTrt-belljr atash. and myoclonic epilepsy. In 
the latter conditions the mental capacities may be 
intact 

Tlie essential mcefunism fn hjposic encephalop- 
athy IS a Ltek of oxygen und an arrest of nil aero- 
bic mel.ihohc processes nttxrssary for the Krebs 
tric.irliox)Iic cycle and the hyxiregen tr.insport sys- 
tom. Neurones .ire Injured to such a degree they 
cannot survive. The phenomenon of dcl.nyed pro- 
gression is not undontood but may lie due to tJic 
hlock.igf or exhaustion of some enzvinatic process 
during the prrifKl vvhen brain mctibolism li re- 
stored or cvm incre.sscsl (as in hvperthcrmb). 

Diignosis dt'iunds on (1) Oie Instory of the 
hypoxic event and rvidenec of rcducxxl oxygetia- 
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tion of arterial blood or CO (the latter is indicated 
by Its cherry red color or spectroscopic b.ind only 
for a few minutes to hours after the spisode), blnncl 
pressures below 70 systolic, or cardiac arrest; (2) 
the typical sequence of events outlined above after 
the episode lens terminated. Renal damage (amirh) 
and iiijuiy’ to the myocardium may also have oc- 
ciiiTcd and provide corroborative evidence. 

Treatment is m-iinly the prevention of a critical 
degree of hypoxic injury-. Quickly scairing a dear 
airway, artificial respiration, c.xtcmal thoracic c.ir. 
due massage and open-chest surgery, the use of a 
cardiac defibrillator or pacemaker all have their 
place and every second counts in their prompt 
utiliz.'ition Once c.irduc and pulmonary function 
are restored there is some cv-idence from the work 
of Blalock and J)is nsspci,itrs tJwit reducing cerebral 
metahohe requirements by continuous liypothcnnia 
for 48 to 72 hr may prevent tho progrevsive 
changes referred to above. Oxygen may be of value 
dunng the first hours and days but prolnbly is of 
little use after the blood becomes well oxygenaU'd. 
Seizures should be controlled by Intramuscular Di- 
lantin sodium 100 mg every 6 hr, and sodiiini 
phenobartit.i) 120 mg every- 4 hr by mouth or 
stonuch tube or parentcraUy four times a day. 
Mcbaral 500 mg per day or phcnobarbital 300 mg 
per day in several divided doses controls the m)i> 
dome seizures better than other anticonvulsants. 

Hypercapnia (and Hypoxia) in Pulmonary Di** 
ease. Chrome implivsema, dironic fibrosing lung 
disease, and m some instances a seeming inade- 
quacy disorder of the respiratory center (Chip. 
14) lead to ?esplr.atory ncUlosis, with an devation 
of Prt>, and a reduction in arterial oxygen tension 
Secondary polycythemia, cor puImon.-iJe, and heart 
failure often accompany these diseases of the lungs, 
and pulmonaiy infection m.»y be supfrimposed. 
Brief reference to the clinical wndromc was made 
in Cliap 31, but it is sufficiently complex to merit 
daboratvon U vs comprised of an action tremor and 
a coarse twitching of all muscles sustained in a 
sl.nte of contraction (tenned aUcrlxh), headache 
and papillctlcma and menial dulliu-ss, drowsiness, 
confusion, ond coma. The cerebrospinal flnld is 
under mcrc.iscd pre-ssuru. Pcoj may exceed 73 mm 
of llg, and llie oxygen ixmccntration of arterial 
blood ranges from M per cent to as low as 40 per 
cent. The danger of administering morphine which 
rlcprcssts the respiratory center or the inhibition 
of oxygai which removes the sole stimulus to the 
respiratory center is now widely recognized, hr 
tTLinv patients so treated have l-ipscil into coma 
(CO^narcosis) and liavedii.'d. 

Forctxl veiililatiim with .i Benedict positive- 
pressure Ts-spirafor, with inhal.ilion of room air or 
m^geri If hypoxia Is severe, llie treatment of he.irt 
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failure \silh digitalis and divirctic measures, vene* 
section to reduce the viscosity of the blood, and 
antibiotics to combat pulmonary infection has been 
the most effective program of therapy and has often 
resulted in a surprising degree of improvement that 
may be maintained for months or years. 

Unlike pure hypo\ic encephalopathy, in hyper- 
capnia prolonged coma is exceptional and the pa- 
pilledema and the jerky, intermittent postures or 
asterbeis, the latter characteristic onl)' of liver fail- 
ure and hj'pcrcapnia and rare instances of meta- 
bolic acidosis, are features of diagnostic import. 
Tlic syndrome is apt to be mistaken for brain 
tumor or a confusional psychosis of nondescript 
t)pe or a disease causing chorea or myoclonus. In 
the latter instance it must be distinguished from 
a chronic e.\trapyramidal syndrome, as outlined be- 
low. 

Ilypogljcemic Encephalopathy. Tliis condition 
has been discussed in Chaps. 70 and 71. None- 
theless it is a rather frerjuent cause of profound 
coma, episodic confusion, and consulsions and 
merits separate consideration as a metabolic dis- 
order of brain function. Tlie essential biochemical 
datum is a blood sugar le\’el of less than 23 to 30 
mg per 100 ml, lasting 1 to 2 hr and leading to ex- 
haustion of the store of cerebral glucose and glyco- 
gen. Witliin this brief span of time, as cerebral 
oxidation proceeds without exogenous glucose, the 
structural components of neurones in the form 
of lipids and proteins arc metabolized and irreversi- 
ble damage occurs. 

Clinically the most common situations in which 
severe hjpoglycemia develops arc; (1) accidental 
or deliberate overdose of insulin or one of the oral 
antidiabetic agents in the diabetic patient, (2) 
insulin therapy in scliizophrcnia, (3) an islet cell 
insuIin-sccrcting tumor of the pancreas, (4) glyco- 
gen storage disease in infancy, and (5) rarely some 
form of liver disease. In functional hypermsulimsm 
the hjpoglyccmia is rarely of suiHcicnl severity or 
duration to damage the central nervous ^stem. 

The clinical picture lias already been sketched. 
The initial ^Tuptoms, as the level of blood ^ucose 
descends, are nervousness, hunger, and cold and 
these gradually give way to confusion, drovv'siness, 
and occasionally excitement or overactivi^. In tJie 
next stage forced sucking, grasping, motor restless- 
ness, muscular spasms, and finally decerebrate ri- 
gidity occur in that sequence. Myoclonic twitching 
and convulsions may develop in some patients but 
are by no means the rule. Deepening coma is at- 
tended by dilatation of pupils, pale skin, shallow 
respiration, slow heart, and hypotonicity of limb 
musculature — tlie so-called med^axy phase of hy- 
poglycemia. Should glucose be administered before 
this medullary phase appears, the patient is le- 
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stored to normalcy, retracing the afore-mentioned 
steps in rev’erse order. However, once this tnedul- 
laiy' phase is reached, and particulaily if it persists 
for a lime before the hypoglycemia is corrected 
dtcrapeuUcally by intravenous glucose or spontane- 
ously \yy the so-called gluconeogenic activities of 
the adrenal glands and liver, recovery may be de- 
layed over a period of days or weeks and may be 
incomplete. A huge dose of insulin with intense 
liypoglycemia, even of relatively brief duration 
(30 to 60 min), is more dangerous than smaller 
ones, even though the lowering of blood sugar is 
equally severe in botli, because it impairs or ex- 
hausts essential enzymes; and tliis cannot be over- 
come by large quantities of glucose intravenously. 
The cerebral cortex suffers major damage; cortical 
nerve cells degenerate and are replaced by micro- 
gliacytes and astrocytes. The distribution of lesions 
is not quite the same as in hypoxic encephalopathy. 

The major difference, clinically, between hy'po- 
glyccmia and hypo.do hes in the clinical setting of 
the illness anti the mode of evolution of the neuro- 
logic disorder. Hypoglycemia usually unfolds slowly 
over a period of 30 to 60 min, instead of suddenly 
witliin seconds or a few minutes. Tlic recovery 
phase and sequelae of the two conditions bear 
close resemblance and may not be possible of dif- 
ferentiation. Recurrent hypoglycemia, as with an 
islet cell tumor, m.iy masquerade for some time as 
a recurrent confusional psychosis or convulsive ill- 
ness, and diagnosis awaits the demonstration of low 
blood sugar or hypcrinsulimsm. 

Tlic correction of the hypoglycemia at the ear- 
liest moment is the obvious thciapy. It is not known 
whether or not hypothermia or other measures will 
increase the tolerance or safety period in hypo- 
glycemia or alter the outcome. 

Hepatic Stupor and Coma. Chronic hepatic in- 
sufficiency with porlocaval shunting of blood is 
often punctuated by episodes of mental dullness, 
drowsiness, confusion, stupor or coma, flapping of 
outstretched limbs, or intermittent^' of sustained 
postures (astcrixis). Tliis condition has been de- 
senbed fully in Cliap. 19 Less widely known is 
the fact that a pore Eck fistula may be attended by 
a similar clmicd picture. 

In many patients the sy’ndrome does not advance 
beyond the stage of flapping and confusion with 
mJd clectroencephalographic changes. In tliis mild 
form It must be distinguished from the chronic 
extrapyTamidal syndromes. 

Reducing the protein intake, ridding die intesti- 
nal tract of blood, suppressing the bacterial action 
in protein in the intestinal tract with neomycin or 
kanamycin, and the administration of sodium glu- 
tamate intravenously’ which tends to lower the 
NH3 levds of the blood have been found in recent 
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jears to restore many of these patients to a i^la- 
livcly normal stale. Altliough the biochemical 
meclianism is not fully understood, the most plausi- 
ble h)-pothcsis is tliat the Ics'ck of blood NH, are 
cle\-aled because the diseased or by-passed Ii'cr 
fails to convert it into urea; glucose metabolism of 
the brain at the Krebs cycle stage is disturbed b)’ 
nididrawing alpha-hetoglutaric acid from the meta- 
bohe pool as the cerebral tissues attempt to remim: 
the NHj formed in situ. Should tliese measures not 
control NHj production, deatli is inevitable. 

In acute hepatitis delirious and confusjonal re- 
actions of slightly different type may develop, and 
their mechanism Is still obscure. NHj may be ele- 
vated blit not often to a degree that would be 
CTpected to affect central nervous system function. 

Olivet MclaboUc Cn.otphalQ’jalhies. Eimilatinns 
of space permit only brief reference to otlicr im- 
portant metabolic disturbances of the brain. Meta- 
bolic aeidtwii, such as that due to diabetes meHitus 
or renal failure, produces the typical drowsiness, 
stupor, and coma with dry skin and Kussmaul 
breathing as descrihed In Chap, 70 There is no 
recogniable neuropathologic change, high-voltage, 
fast electrical activity predominates io the electro- 
enccplialogram, and correction of the acidosis re- 
stores nervous function to a normal level, provided 
coma las not persisted for too long a time, in 
which instance death supervenes. Uremic enccpfia- 
hpatlirj remains confused because of die existence 
of two neurologic S)’ndroracs, one of hypertensive 
encephalopathy, the other a somnolcnt-tvvitching- 
convulsive syndrome (uremic rivitchmg) which is 
higfily characteristic of renal faJure but still of 
obsairc cause (see Chap. 20). Its recent ascrip- 
tion to magnesium depletion is Interesting but has 
not been substantiated. Encephalopathy due to 
AiWiJon s adrenal insufftdenaj may be attended by 
episodic confusion, stupor, or coma, usually of non- 
descript type without special identifying features 
Its basis remains unclear. Hypotension and dimin- 
ished cerebral circulation and hypoglycemia are tlie 
principal hypotheses presently being entertained, 
and measures which correct these conditions ap 
pear to have been bcncGci.!! in some instances. In 
Ciuii/ng's dhease an obscure encephalopathy mani- 
fested hy a co.TJplcx psychosis may arise (see Chap. 
68). Brain nlrophy, demonstrated during life by 
cnbrgcd ventricles in a pncumocnerphalograin, has 
been demonstrated in some patients, but its catfse, 
mechanism, and pathology hav c not been subycctcd 
to systematic study. A sudden lowering of scrum 
calcium after operation for a parathyroid adenoma 
may be attended by drowsiness and confusion with 
clecfrocnccplialographlc changes; and the adminis- 
tration of calcium salts has secmetl to correct the 
neurologic syndrome Hypercalcemia of extreme 
V degrees is abo associated with confusion. 


Syndrome of Dementia reith 
Esirapyramidal Motor Disorder 
or Other Neurologic Signs 

Chronic Hepatic Failure. Two chronic, progres- 
sive hepab’e-cerebral syndromes have now been 
delineated, (1) U'lbon'e familial progressive 
hepatolenticular degeneration (see Chap. 93) and 
(2) a chrome progressive, nonfamilial encephalop- 
athy. The Litter resembles Wibon’s dbcase but 
shows no dbturbance of copper metabolism or 
marked aminoaciduria. In chronic progressive, non- 
familial encephalopathy, which is more frequent 
dian Wilson’s dbease, the patient usually has had 
episodes of coma, llumgh a few patients have never 
been comatose at any time. In either case they un- 
dergo a slow, intermittently progressive dementia 
w.lh the added featnies of shmtd speech, trenitn cf 
limbs (both simple and intention type), cerebelbi 
ataxia, and choreoathetosis. Thb picture b almost 
identical with that of W’ikon’s disease save for the 
absence of Kayser-Flelscher comeal rings. As with 
hepatic coma there may be any type of dironicliver 
disease (postnecrotic or alcoholic eJnhosU, bfliary 
cirrhosis, or hcmaehromatosb, or any one of these 
with hepatoma), or an Eck fistula may produce the 
same syndrome, the liver being altogether oonnal 
in the latter instance. Although not fully under- 
stood, chronic NHj intoxicaUon seems to be the 
most Ukely explanation and should be corrected ly 
measures described in dap. 280. 

Chronic hypercapnia may cause protracted con- 
fusion and action tremor with flapping movements 
of outstretched limbs. 

In hypoparathyroidism, tetany, convulsions, cere- 
bral cicificalion (lenticular and dentatic nuclei 
and cerebellar cortex) may occur, and with the 
passage of time a mild chorcoatlictosb on one of 
both sides of the body or cerebellar ataxia may 
develop insidiously. This condition may respond to 
the admmistration of vitamin D (see Chap. 67). 
A similar cerebral calcification and neurologic syn- 
drome (except for tetany) but without evidence 
of disturbed calcium metabolism occurs in Fahr’s 
syndrome (see Cliap. 290) and b not at all under- 
stood There is no treatment 

Hancrvorden-Spalz Disease. Thb b a curious 
siderosis of the basal ganglions attended by pro- 
gressive rigidity of the legs and later arms, atheto- 
sb, and respiratory and otlicr spasms. It begins in 
Lite childhood and progresses slowly. A hercditaiy 
disposition is established. No disturbance in serum 
Iron or iron metabolism in oilier organs has been 
cstaUbhed (See Owp. 290.) 

Lculodyxtrojyliies and the lipid storage diseases 
are rcprcscnlalive of two import.int categories of 
metabolic diseases of the brain. Tliey arc disaisscd 
in Chap. 290, pending further clarification. 

Amtnoaeidurias of sevx'ral types are just now 
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emerging as a new class of biochemical abnormali- 
ties with prominent neurologic aspects, particularly 
in infants and children (see Chap. 283). Ilartnup’s 
disease, consisting of hereditary pcllagra-like sldn 
rash, a temporary cerebellar ataxia, and amino- 
aciduria, is a prominent member of this group. 

Kornimcig-Bflsscn Syndrome. This is a familial 
disease, recently come into prominence fay virtue 
of being the first of the chronic hereditary ataxias 
to have a possible biochemical basis. The sjmdrome 
consists of abnormal erythrocytes of thorny appear- 
ance (acanthrocytes), an ataxia which resembles 
that of Friedreich, and retinitis pigmentosa In 
three dosely studied patients (only seven have 
been reported) there was a marked deficiency of 
scrum beta-lipoprotein and serum cholesterol, an 
abnormal pattern of erythrocyte phospholipids, and 
marked impairment of gastrointestinal absorption 
of fat. The neurologic disorder is typified by pro- 
prioceptive deficit in the h'mbs (wth sensory 
ataxia) and loss of tendon reflexes. Weakness with 
myopathic features is also suspected, andi an 
ophthalmoplegia is found in some patients. 

Aeguired porphyria which declares itself usually 
by a neurologic syndrome— thoracic or abdominJ 
pain, acute psychosis, and polyneuropathy— has no 
established biochemical basis, at least as far as the 
lesions in the brain, autonomic and peripheral nerv- 
ous system are concerned (see Chap. 91). 

In the diagnosis of this second category of meta- 
bolic diseases of the brain, their clinical attributes 
alone are of importance, but they are readily con- 
fused with some of the chronic forms of encephali- 
tis, chronic drug intoxications and withdrawal 
therefrom, and several varieties of degenerative 
diseases. But more important, if the ciinicaJ mani- 
festations are accurately interpreted and the pa- 
tient in question recognized as h.iving a metabolic 
disorder, appropriate biocbemical tests of blood 
and urine may now provide reliable confirmation 
of diagnosis. 

These latter examples of dementia, extrapyrami- 
dal motor disorder, and other neurologic abnormal- 
ity are but a few examples of a widening circle 
of metabolic diseases of the nervous sj’stem. They 
are not dearly separated at the moment from the 
larger group of nutritional and degenerative dis- 
eases described in Chaps. 288 and 290, It is hoped 
that by the time of the next edition this section 
may be expanded to include many more diseases 
and that a more selective and useful s)'ndromic ap- 
proach can replace the crude one offered abos’e. 
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9QA DEGENERATIMi: DISEASES 
OF THE NERVOUS SYSTEM 

Edtcard P. Richardson, )r., 

and Ansgar Torvik 

The term degenerative as applied to diseases of 
the nervous system is used to designate a group 
of disorders in which there is gradual, geiverally 
sjTnmetric, relentlessly progressive wasting away 
of structural elements of the nervous system, for 
reasons still unknown Many of the conditions so 
designated depend upon abnormal genetic factors 
and tlius appear in more than one member of the 
same family; this general group of diseases is there- 
fore frequently refened to as heredodegcnerative. 
A number of other conditions not apparentK 
differing in any fundamental way from the hcrcdi- 
tiry disorders occur only sporadically, i e., as iso- 
lated instances in a given family. Sir William 
Gowers in 1002 suggested the now familiar term 
abiotrophij, by which he meant that diseases of this 
class were the result of “defeebve vital endurance" 
of the structures affected, leading to tlieir prema- 
ture death. This term of course tells nothing of the 
true nature of the defects It is to be assumed (hat 
the basis for these diseases must be found in some 
disorder of the metabolism of the parts involved. 

Within relatively recent times there has been 
some elucidation of the nature of a number of 
nervous disorders which, in their symmetric dis- 
tribution and gradually progressive course, resem- 
ble the class of diseases under discussion. Examples 
of these arc the deficiency diseases, such as sub- 
acute combined degeneration of the spinal cord 
with pernicious anemia, deficiency neurop.ithy, pel- 
lagra, and the Wernicke-Korsakoff syrndromc, in 
which disease or death of neural structures results 
from impaired function of enzyme s)’stcms required 
in the metabolism of tlie cells concerned. In hepa- 
tolenticukr degeneration (^Vllson’s disease), long 
classed with the heredodcgencrab've disorders, sig- 
nificant defects in copper and protein metabolism 
have been discoVTred, which may well be of funda- 
mental importance in its pathogenesis (see Chap. 
93). Furthennorc, chronic exposure to a number of 
toxic substances may produce effects on the nerv- 
ous system closely resembling those encountered in' 
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the spontaneously occurring ilcgencra{i\*e diseases. 
Tliis Is seen, for instance, in the chronic peripheral 
neuropathy of arsc?nic intoxication, die netiropathy 
and mjeJopathy from poisoning with Iriorthocrcs)'! 
phospfjate (Jamaica ginger paralysis), or the 
tremor and rigidity that have been seen wth 
chronic manganese intoxication. It seems tcason- 
.ahh' to expect that further advances in knowledge 
rf the metabolism of the ncr\ous sx-stem will do 
miidi to disclose the underlying abnormalities In 
tlie disease st.itcs at present under consideration. 

The large group of the degenerative diseases of 
the nervous s)'stcm can be divided into a number 
of sjndromcs b)- means of various distinguishing 
clinical and pathologic features Nevertheless, there 
are ccrt.iin aspects common to all, the lecngnition 
of which can assist the chnicbn in arriving at the 
diagnosis of a disorder of this class. Some of Uicse 
arc summanzed in Hie following paragraphs. 

General Considerations. It is a characteristic of 
the degenerative diseases that they begin insidi* 
ou«l)’ and run a gratlually progressive course which 
may extend ov'cr many )ears. The earliest changes 
ma) be 50 fhglit that it is frcij.irntlv impossib'c to 
assign any precise time of onset. As with other 
grailu.ally developing conditions, the patient or Ids 
family may give a history fmpU ing an abrupt ap- 
pcaraueo of disability'. Tliis is particularly likelv to 
occur if there has been an injury, or if some other 
dramatic event has taken place in the patient's life 
to which illness might conceivably be related. In 
such a ca<c, skillful taking of the history may bring 
mil that the patient or family has suddenly become 
.iwarc of a condition which had, in fact, already 
liocn present for some time hut had passed un- 
noticed. V'helluT or not trauma or other stress may 
i>ring on or aggravate one of the degenerative dis- 
erses is still a question that cannot be answered 
with certainty It would seem higWy improbable 
from all that is knowai. In any event, it must be 
kept in mind Uial the disease processes under dis- 
cussion by llicir very nature develop spontaneously 
Without relationship to eslcmal factors. 

Ilie family history is of great importance, but 
one cannot always be ininicdiatcly satisfied with 
liut ohtainctl on Erst coiiMct with the patimL One 
reason for this is that p.aticnls or Uicir relatives may 
be ashamed to disclose that a ncurolr^ic disease 
occurs in the family. Anollicr is that it m-iy not be 
rcaiizccl tint an illness is hcrrditary' wIict otlier 
tnctnbi rs of the family have a much less severe 
form of the disorder tlian the patient and have 
Ihcmscl.es lieen unaware of the abnormality— as 
lint infrequently occurs in the hereditary alxtbs 
•and rcLlid ooiidiliuns. However, in modeni western 
faniil.ci tlio small sibsliips may prcVTfit even w-ell- 
establwlKsi heietiitary cfivrascs from expressing 
themselves. It must, of course, !>e rrmcmlurred tliat 


famibal occurrence of a disease tioes not alwavs 
mean that it is hereditary’; it may indicate instead 
that more llran one member of a family lias been ex- 
posed to the same infectious or toxic agent. 

Another signiCcant feature of the degenerative 
nervous diseases is that in general their cc.aselcssly 
progressive course is uninfluenced by all medical 
or surgical measures. Dealing with a case of this 
kind is often, therefore, an anguishing experience 
for all concerned. Yet symptoms can cJtcn be alle- 
viated by wise and skdlful management, and tlie 
phy'sician s kindly interest may be of great help to 
a patient even when curative measures cannot he 
offered. 

The bilaterally symmetric distribution of tie 
changes brought about by’ these diseases has al- 
ready been mentioned. This feature alone may 
serve to distinguish conditions in this group from 
many other diseases of the nervous system. At the 
same time, it should be pointed out that, in the ear- 
liest stages, greater involvement on one side or in 
One limb is not uncommon. Sooner or later, how- 
ever, despite Uie asyTumctric beginning, the in- 
herently symmetiie nature of the process asserts 
itself. 

A striking feature of a number of disorders of 
this class is the almost selective involvement of 
anatomically or physiolocically related sy’slems of 
neurones. This is clearly exemplified m amyo- 
trophic lateral sclerosis, in which the process is 
almost entirely bmited to cortical and spinal motor 
neurones, and in the cases of progressive afaxiX ui 
which the Purldnjc cells of the cerebellum are 
alone affected. .Marty other examples could be cited 
(c.g.. Fnedreieb’s ataxia) in which certain neu- 
ronal systems disintegrate, leaving others perfectly 
intact. An important group of the degenerative dis- 
eases has therefore been called “system diseases" 
("progressive cerebrospinal system atrophies”— 
Spatz), and many of these are strongly hereditary. 
It must be realized, however, that selective ui- 
volv’cmenl of neuronal systems is not exclusively a 
properly of the degenerative group, since several 
disease processes of known cause have similarly 
circumscribed effects on Uic nervous system. Diph- 
theria toxin, for instance, selectively attacks the 
mycL'n of the peripheral nerv-es, and triorlbocrcsyl 
pliosphate affects particuLirly the corticospinal tracts 
in the spinal cord as well as the peripheral nerves 
Another example is the spcx^al vulnerability of the 
Furkinje cells of the cerebellum to hyT>erthernua- 
On iIm? other liand, several of the conditions in- 
dudctl among the degenerative diseases are diar- 
aclerucd by pathologic changes that arc diffuse 
and wnsclective. These exceptions nevertheless do 
not detract from the importance of affection of 
particular jietiron.iI systems as a distinguishing 
feature of many of tlie diseases under discussion. 
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Tj'pically, the palliologtc process in the nmxnrs 
system is one of slow involution of nerve cell bodies 
or their prolongations as nerve fibers, unaccom- 
panied by any intense tissue reaction or cellular 
response. Tire cerebrospinal fluid, therefore, shows 
little if any change — at most a slight elevation of 
protein, without abnormalities in pressure, cell 
count, or in other constituents. Moreover, since 
these diseases invariably result in tissue loss, rather 
than in new tissue formation (as with neoplasms 
or inflammation), x-ray visualization of the ven- 
tricular system or subarachnoid space shows either 
no change or an enlargement of these compart- 
ments. These negative laboratory findings thus help 
to distinguish the degenerative disorders from tl»c 
other large classes or progressive disease of tlic 
nersous s)’stem — tumor and infections. 

Classification. Since ctiologic classification is im- 
possible, subdivision of the degenerative diseases 
into individual s\-ndromcs rests on descriptive cri- 
teria, based largely upon pathologic anatomy, but 
to some extent on clinical aspects as well. In the 
terms used to designate many of these syndromes, 
the names of a number of distinguished neurologists 
and neuropathologists ore commemorated. A useful 
way of Keeping in mind Uic s'arious disease states 
is to group them according to the outstanding 
clinical features that may be found in an actual 
case. Tlio following classification, intended to he of 
practical help to tlw physician, is based on such a 
plan. 


Table SOO^t. CLASstriCATiov or trc DEccxcRATirB 
CREASES OP TltC KERVOPa 6T8TEH 

I. Sj'ndrome in which progrra'ive dementia is on out- 
standing feature, in the absence of other pmmioent 
Deuroiogie signs 

A. Diffuse cerebral atrophy 

1 . Senile dementia 

2. AUheimer’e disease 

B. Pick's dUeoi'e (circumscribed cerebral atropfiy) 

II. Syndrome in which progressive dementia is com- 
bined with other neurologic eigns 

A. Principally in adults 

1. Huntington’s chorea 

2. Cerebroccrebellar degeneration 

3. Jakob-Creutzfeldt disease 

B. Id children and adults 

1. Amaurotic family idiocy (neuronal lipidoses) 

2 . Leukodystrophy 

3. Familial myoclonus epilepsy 

4. Hallervorden-Spats disease 

5. Wilson’s disease (hepatolenticular degracra- 
tion; Westphal-StrQmpell paeudoseferosis) 

III. Sj’ndrome chiefly manifested by gradual develop- 
ment of abnormalities of posture or involuntary 
movements 

A. Paralysis agitans (Parkinson’s disease) 


ToMe S90~t. cE-sssincvriov ov the nEOESEUvnvE 
oi'iBASEa or the nervocs mstcm (Continued) 

li. Dj-stonia musculorum deformans (torsion dys- 
tonia) 

C. Spasmodic torticollis 

IV. Syndrome chiefly manifested by slowly developing 
ataxia 

A. Cerebellar degenerations 
If. Spinocerebellar degenerations (Friedreich 's 
ataxia; Marie’s hereditary ataxia) 

V. Syndrome with slowly developing muscular weak- 
ness and wasting 

A. Without sensory changes: motor system disease 

1. In adults 

а. Amyotrophic lateral sclerosis 

б. Progressive muscular atrophy 
c. Progressive bulbar paby 

d Pnmaiy katerai sclerosis 

2. In children or young adults 

o. Infantile muscukir atrophy (M’crclnig- 
Hoffmann disease, amyotonm congenita) 
h. Hereditary spastic paraplepa 
I>. Witli sensory changes 

1. Progrcsslv'e neural muscular atrophy 

o. Peroneal muscular atrophy (Charcot- 
Marie-Tooth) 

t Hypertrophic interstitial neuropathy 
(DvVrine^ttas) 

2. Mi.<>celhncou3 forms of chrome progressive 
neuropathy 

VI. Syndrome chiefly manifested by progressive visual 
loss 

A Ilcreiht.ary optic atrophy (Leber) 

B. PigmenUary degeneration of the retina (retinitis 
pigmentosa) 


SYNDROME IN WIICH PROGRESSIY'E 
DEMENTIA ALONE PREDOMINATES 

In the disease entities about to be discussed, the 
clinical picture is dominated by gradual loss of 
intcUccttial capacities, le, by dementia Other 
neurologic abnormabties, except in the tonninal 
stages, are absent or relatively insignificant. (For 
further discussion of dementia, including its clinical 
evaluation. Chap. 37 should be consulted.) 

Disuse Cerebral Atrophy; Senile Defnenlia; 
Alaficimer’s Disease 

Some degree of shrinkage in size and weight of 
the brain, i.e., “atrophy," has been shown to be the 
inevitable accompaniment of advancing age. In 
manv instances, this is of no clinical significance, 
and there are many very old people uho remain 
alert and perceptive, with Keen intellect, to the end. 
Nevertheless, severe degrees of difluse cerebral 
atrophy are as a general rule associated with some 
evidence of dementia. WTien these changes occur 
in old age (and the definition of when old age 
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1.S3C SEC. 7 

begins IS largely a siilifctlive one), il is usual to 
speak of senile dementia. Tliat tins is n fairly fre- 
(piciil condition is cominon c\periencc. Much more 
infrequent is a pathologically identical progressK-e 
dementia with diffuse brain atrophy coming on W'ell 
liefore the senile period — a prcsenile dementia. This 
condition, classically described in 190G by Alois 
Al/beimcr, has since become generally known as 
Alzheimer's disease. Tlie distinction between the 
tuo conditions is purely a clinical one; p.ilhologi- 
cally, they differ only in that the characteristic ab- 
normalities tend to be more severe and widespread 
in cases beginning at an earlier age than at the 
senile period. It is to be prcsomeil that the basic 
underlying derangement is the same but that its 
effects differ somewhat, depending on the age of 
the patient. 

Pathology. The brain presents a generally 
shrunken appearance, with atrophy of the convolu- 
tions and sj’mmelne enlargement of ll>c lateral and 
third ventricles. Frequently, these changes are 
especially pronounced in the frontal and temporal 
lobes. Microscopically, there is widespread loss of 
nerve cells, most apparent in the cerebral cortex, 
but often present likewise in the b.asal ganglia, with 
secondary glial proliferation. In addition, two ty'pes 
of lesions give this disease process its distinctive 
diaracter. First, scattered throughout the cerebral 
cortex arc microscopic deposits of amorphous ma- 
tcrual, most easily seen with sib er staining methods. 
Tlicsc are the so-callcd "senile plaques," which 
have been known for almost 70 years Tlicy are 
generally considered to be an abnormal deposition 
or precipitation of matcnal in the brain (issue, 
rather than the remains of discaserl nerve cells. 
Despite numerous investigations and an extensive 
literature devoted to them, tlicir origin and nature 
still remain uncertain. The other characteristic 
histopathologic feature is the Akhcimcr fibrillary 
change in nerve cells. This striking abnormality, 
first clearly described by Alzlicimcr in his publica- 
tion on prescnile dementia, consists of the presence, 
w-ithin the cytoplasm, of thick fibcrlikc strands of 
silver staining matenal, often in the form of loops, 
coils, or tangled m.isscs. This is a cytolo^c de- 
rangement which apparently ends in death of the 
cell, for clumps of these fibrils can often be seen 
even after the cell bodies within which they arose 
have disappeared. Despite ingenious attempts to 
explain them (cf von Craunmlihl, 1937), the true 
nature and meaning of these remarkable appear- 
ances have yet to be learned. Senile plaques and 
fibrilkiry tliangcs occur most abundantly fn the 
cortex and are widely distributed, although they are 
most fnxjucnt in the frontal lobes and hippocampal 
gyri. They h.ive been cnaiiintered in al) regions 
of the brain, but almost never occur in tlic spina] 
tord. In rare irislanees of othrnvise typical diffuse 


cerebral atrophy, these characteristic tissue changes 
may be absent. Abundant pathologic cvidencii 
clearly establishes that the neuropalhologic altera- 
tions just described are not related to vascular dis- 
ca.se or to any known systemic disorder. 

Clinical Aspects. Although Alzheimer's disease 
has been described as occurring during every age: 
period, it is most frequently a disease of the later 
decades of life. A number of uell-documeiiteit 
familial cases have been recorded, but there is not 
sufficient evidence to indicate that this is truly 
hereditary disorder. Most of llie cases actually seci^ 
in practice are sporadic. The onset is insidiou# 
and subtle, woth changes first most noticeable ixi 
memory for recent happenings and in over-all judg' 
ment of situations. Emotional disturbances such 
depression or anxiety states, or odd, unpredictable 
quirks of behavior, may be salient features in the 
early stages. Progression is very slow and gradual, 
and unless the condition is earlier brought to a 
close by the effects of advanced age, it may linger 
on for some 10 to 15 years. 

In the milder cases, including those of the senile 
period, the noteworthy features arc those of simpltf 
dementia, as described in Chap. 37. More unusual 
disorders of thought and intellect, including aphasia^ 
apraxialike disturbances, and abnormalities of space 
perception, may be seen in the more severe forms 
such as occur in tlie presenile group. Not Infre- 
quently, the patient walks in a shuffling manner 
with short steps, and there is a generalized stiffness 
of tlie musculature with slowness and awkwardness 
of all movements, these abnormalities have been 
attributed to involvement of the basal ganglia. 
Neurologic examination characteristically discloses 
no other significant findings. Additional investiga- 
tive procediues, including the usual blood and 
cerebrospinal fluid determinaticins and electroen- 
cephalography, do not yield any conclusive or 
pertinent data. The enlargement of the ventricular 
system and subaraclmoid space resulting from flic 
diffuse brain atrophy can be demonstrated by 
pneumoencephalography; otherwise, no character- 
istic roentgcnographic findings are seen. During 
the course of the illness, occasional convulsive 
seizures may occur, but they do not alwa)s ac- 
company the disorder. Terminally, a stale of total 
helplessness is reached, and the patient dies from 
intercurrent disease. Usually, long before the end, 
institutional care is necessary. 

DUTcFcntial Diagnosis. Several disease states for 
vvliich effective treatment is available may give rise 
to progressive intellectual deterioration closely re- 
sembling what may be seen with the diffuse cere- 
bral atrophy above desenbed. It is imperative 
these be looked for. Specific examples include 
chronic subdural hematoma, frontal meningioma, 
bromide intovication, myxedema, peniidons anemia 
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(vitamin B,™ deficiency), and ncurosjTiliilis. Variotis 
other forms of intoxication, infection, metabolic 
disorder, or neoplasm may hax’c to be considered. 
Tims, in addition to careful clinical assessment, and 
whatexer laboratory’ investigations may be indicated 
to exclude the various possibilities listed above, 
special procedures such as pneumoencephalography 
or carotid angiograpliy may* be necessary. Vascular 
disease of the brain is often included in the 
dillcrcntial diagnosis, but dementia on the basis 
of cercbrox’ascular disorders characteristically pro- 
gresses in a halting or stepwise fashion, whereas 
progression in senile dementia or Alzlieimcr’s dis- 
ease is gradual and steady. 

No specific therapy is Imoxvn. The management 
should be along the lines of that described in 
Chaps. S7 and 38 for the delirious and demented 
patient. 

Pick’s Disease (CiVcumscWicd Cerebral Atrophy) 
This remarkable form of cerebral disease char- 
acterized by the circumscription of the atrophy, a 
lobar sclerous, was first described in a series of 
publications by Arnold Pick in Prague, around the 
turn of Ujc past century. In the differential diagno- 
sis of dementia in the prcscnilc period, it is often 
mentioned in the same breath with Alzheimer’s 
disease. It is, hou'cx’cr, an extremely rare condition 
as comp.'ircd W’fth diffuse cerebral atrophy of the 
Alzheimer type, 

Pathology. So striking are the gross pathologic 
changes in the brain that in typical eases the diag- 
nosis can be made at a glance. One sees severe 
atrophy of the anterior portions of the frontal and 
temporal lobes, and there is a curiously sharp line of 
demarcation between the atrophied portions and the 
remainder of the brain, which appears normal or 
neatly so. In some cnscs, the front^ atrophy is more 
prominent; in others, the temporal lobes are more 
severely involved; in general, both regions arc af- 
fected. Not infrequently the process extends to the 
Rolandic and parietal regions, but the occipital 
lobes are spared. In many of the reported eases, 
tile changes have been considerably more pro- 
nounced on one side of the brain than the other, 
an exception to the general rule of symmetry in 
degenerative nervous disease, but bdatcralfty is 
the rule. Characteristically, there likewise are 
atrophic changes in a number of subcortical struc- 
tures: caudate nucleus, putamen, thalamus, and 
substantia nigra, and in the descending frontopon- 
tine fiber system. In the diseased regions, there Is 
local destruction of central and conv’olutional xvhite 
matter out of propoition to the degree of loss of 
nerx'e cell bo^es in corresponding areas of the 
cortex; this finding has suggested that the periph- 
eral axonal processes of the nerve cells, together 
with their myelm sheaths, may atrophy first, con- 
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scqucntly that there may be a gradual “dying 
back” of the neurone from the periphery to the 
center. A noteworthy histologic feature of tin's 
condition is the occurrence of numerous swollen 
"ballooncd-oiit” nerve cells in the atrophic regions, 
a finding which has been interpreted as an axonal 
reaction or retrograde ccU change secondary to the 
degenerative process in the periphery. Another 
frequent cell nerve change is the presence of 
spherical intracytoplasmic inclusions that stain 
deeply with silver impregnation methods; the sig- 
nificance of these is unknowm. The peculiarly selec- 
tive nature of the degenerative process in Pick’s 
disc.ise has led some to classify it vv ith the system 
diseases, although not all observers adhere to this 
view- Since the distribution of the brain atrophy 
is not related in any way to tenitories of vascular 
supply, it is to be presumed that this condition is 
not in any way the result of a disorder of cerebral 
circulation. 

Clinical Aspects. There is no satisfactory way of 
differentiating between Alzheimer’s and Pick’s dis- 
ease during life, nor is this of any practical im- 
portance. Early dilapidation of personality with 
relative prcscAntion of such intellectual facilities as 
memor)’ and gross reasoning ability are considered 
to be particularly characteristic of Pick's disease 
Involvement of areas related to language function 
m the posterior frontal and anterior temporal re- 
gions of the dominant cerebral hemispliere may 
load to pronounced aph.asia. The disease is one of 
adult years, especially of the prcsenile period (with 
onset at age fifty to sixty) A considerable number 
of cases with earlier onset have been reported 
(the youngest at twenty-two); in these, the condi- 
tion tends to be somewhat more sev-ere than in 
older individuals, as m Alzheimer’s disease. Familial 
occurrence is on record m a number of instances 
Progression is slow and relentless, with an average 
duration of about 7 years. 

Differential Diagnosis. The considerations noted 
above with respect to Alzheimer’s disease apply to 
Pick's disease as well. The circumscribed fronto- 
temporal atrophy can at times be demonstrated by 
pneumoencephalography As with Alzheimer’s dis- 
ease tlicre is no known treatment, but the principles 
of management are the same as those outlined 
above. 


SYNDROME COMBINING DEMENTIA 
WITH OTHER NEUROLOGIC SIGNS 

Ilantington's Chorea (Chronic Progressive 
Ileredilary Chorea) 

This condition, which genetically follows the 
pattern of a mendelian dominant, vvas classically 
described in 1S72 by George Huntington, who. 
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%\itli Iiis father and grandfather, both physicians, 
obscr\cd cases in members of a family living near 
their liome on Long Island. UnmistaVubJe in its 
typical form, the alHiction combines progressh'e 
dementia with bizarre insoluntaty movements and 
odd postures. Atypical cases have also been recog- 
nized (sec below), but in general the disorder runs 
true to form. 

Pathology. The brain lias a generally atrophic 
appearance, especially noticeable in the fronl.il 
lobes Particularly characteristic is severe bilateral 
atrophy of the caudate nucleus, which becomes 
flattened and concave instead of projecting as a 
convex rounded eminence into the anterior horn 
of the lateral ventricle. The putamen likewise is 
shrunken, although not to the same extent as the 
caudate nucleus. Tlie globus pallidus is generally 
mvoivcd to some degree, but less severely than the 
caudate nucleus and putamen. Microscopically, the 
affected regions show severe nerve cell loss ixith 
reacti\e glial changes. The small nerve cells of the 
caudate nucleus and putamen appear to be more 
affected than the large ones. The disease process 
may likewise involve the thalamus, subthalamic 
nucleus (corpus Luysii), and dentate nucleus of 
the cerebellum The cerebral cortex regularly shows 
loss of nerve cells, but other portions of the nervous 
system are usually spared, and there are no char- 
acteristic visceral lesions. 

Clinical Aspects. This distressing condition gen- 
erally makes its appearance in early to middle adult 
years, in what ordinarily would be the most effec- 
tive and productive period of a person's existence. 
Us typical hereditary nature has been emphasized, 
but it Is not at all rare for sporadic cases to occur. 
The involuntary movements (bizarre grimacing, 
respiratory irregularity’, faulty articulation of speech, 
and irregular, arrhythmic, impaltemed movements 
of tlie limbs imparting to the gait a peculiar danc- 
ing quality) tend to be less quick and more alhetoid 
than in Sydenham's chorea (see Chap. 28). A few 
reported cases which on gcnealogic and pathologic 
grounds must be classified with Huntington’s chorea 
liave shown progressive rigidity, rather than chorei- 
form movements. As a general rule, dementia runs 
parallel with the motor disorder. Occasionally it 
may appear before or after chorea; very rarely it 
may 1« lacking altogether. The adv'once of the 
disease is slow. There is increasing disability both 
from involuntary movements and mental changes, 
terminated after many years by death from inter- 
current infection or, not rarely, by suicide. 

Olffcrcnliat Diagnosis. Tlicrc is no diiEcuIty in 
the recognition of typical cases. The relatively late 
onset, the slowly progressive course, the prominent 
dementia, and lack of association with rheumatic 
fever, help to exclude Sydenham's chorea. Hepi- 
tolenticular degeneration (W’llsons disease) may 


display clinical abnormalities resembling those of 
Huntington’s chorea, but the specific changes cliar- 
acteristic of that disorder, indoding liver disease, 
comcal Kayser-Fleischer rings, .and typical bio- 
chemical abnonnalities (increased copper excretion, 
aminoaciduria), are absent in Huntington’s chorea 
Sporadic cases of choreiform movements beginning 
in middk or late life may present a difficult problenv 
in exact diagnosis, 'The occasional cases of violent 
choreiform movements produced by vascular le- 
sions, classically in the subthalamic region, are 
characterized by sudden onset, unilateral distribu- 
tion (hemiballi'smus), and a tendency to improve 
after a period of initial severity. Virus encephalitb 
may occasionally be associated with choreiform 
movements; acute development, fever, and pleocy' 
tosis in the cerebrospinal fluid help in recognizing 
such cases, which can further be identified by 
appropriate virologic studies. Although it occurs 
rarely, self-limited chorea may appear in older 
persons without identifiable cause. 

Treatment. It is impossible to halt the progress 
of this disease by any of the suggested forms of 
treatment. Chlorpronuzine has been proposed as 
a means of controlling the chorea but has not been 
successful in the authors’ bands 

CerebrocerebeJIar Degeneration 

'The progressive cerebellar degcmcrations of late 
life, and some cases of spinocerebellar degenera- 
tion, may be accompanied by significant dementia, 
the pathologic basis for which is not alwavs easily 
demonstrated. 'These disorders are de.ilt witli more 
fully below in the seebon devoted to conditions 
manifested by ataxia 

Jabob-Crciilzfehlt Disease 

This name serves to identify a group of cases 
characterized by relatively rapid progression and 
widespread neuronal degeneration occurring in 
adult life. The original descnptions were by H. G. 
Creutzfeldt (1920) and A. M. Jakob (1921 and 
later). Since then additional studies of similar cases 
by a number of authors have led to the emergence 
of a more or less well-defined syndrome, within 
which there is, however, considerable variability 
both clinically and pathologically. Although most 
cases occur sporadically, the disease appears to be 
hereditary in one family on record. 

Patbolog)', This condition is distinguished by 
widespread neuronal destruction and extensive 
astroglial proliferation chiefly involving the cerebral 
and cerebellar cortex. Subcortical nuclei are vari- 
ably affected; the spinal cord, in the authors’ ex- 
perience, IS spared. Although typically the patho- 
logic changes affect all parts of tlie cerebral cortex, 
die daracleristic changes may be virtiwUy re- 
stricted to the occipitoparietal regions, as to the 
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cases described by HcidenJiain (1929) and Meyer, 
Leigh, and Gagg (1951). The lesions do not in 
any way suggest an inflammatory process. There are 
no significant ^•ascular changes and no relerant ab- 
normalities in other organs. 

Clinical Aspects. Most of the cases described 
Iia\ e begun bct«‘een the ages of fifty and sixty, but 
the disorder may occur in young adults. In the early 
stages, a great variety of clinical manifestations may 
be seen, but those most frequently ohserxed are 
changes in behavior, emotion.il responses, nicmoiy, 
and reasoning, together with abnormalities of vi- 
sion such as peculiar distortions of the appearance 
of objects or actual impairment of visual amity. 
Tlic disease characteristically progresses with gn*at 
rapidity, so Uiat obsious deterioration may be seen 
from day to day. Sooner or later, in all cases, sud- 
den myoclonic contractions of x’arious muscle groups 
appear, perhaps unilaterally at first, hut later be- 
coming generalized. These generally are brought 
on hy sudden sensory stimuli of all sorts, but they 
occur spontaneously as well, p.art!cul.ir}y in the late 
stages. Sudden jcrls of indiWchwl fingers are typi- 
cal. Ata.xia and dysarthria arc liVewisc prominent. 
Hallucinations, confusion, delusional ideas, and 
other cxidences of delirium are frequently seen as 
the disease progresses. These changes gradually 
give way to stupor and coma, but the myoclonic 
contractions may continue to the end. Althoxigh 
abnormalities in the tendon and plantar reflexes 
may occur, they ore not constant. In all cases, how- 
ever, the electroencephalogram shows distinctive 
abnormalities, especially when the disease Is fully 
developed The total course of the illness is gen- 
erally less than a year from onset, it may be con- 
fined to a few weeks or months. The outcome is 
invariably fatal, with death from intcrcurrent in- 
fection. Investigations of blood and cerebrospinal 
fluid consistently show no significant findings. A 
few cases have been extensweJy studied in an at- 
tempt to discover a toxic substance, infectious 
agent, or identifiable metabolic abnormality that 
might account for the pathologic changes, but with- 
out success. 

Differential Diagnosis. In the earliest stages, the 
mental changes resulting from this disease may be 
misinterpreted as an apical or unusually intense 
emotional reaction to en\ ironmcntal factors or as one 
of the major psychoses. Intoxication, as with bro- 
mides or other central nerx’ous system depressants, 
or infection, such as neurosyphilis, may h.ave to be 
considered, but none of these is likely to produce 
so dramatic a clinical picture. In its fully dex’eloped 
form, the only other disease process in adults that 
resembles it is a rare form of encephalitis thought 
(but not yet proved) to be due to viral infection 
(“sub.rciite sclerosing encephalitis,” see Chap. 287). 
The cerebrospinal fluid examination may help in 
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differentiating these conditions, in that it is in- 
variably normal in Jakob-Creutzfeldt disease, 
W’hereas the fluid may contain cells, or at least an 
abnormal colloidal gold reaction, in subacute en- 
cephalitis. In children or young adults, cerebral 
lipidosis (see below) may result in a similar com- 
bination of myoclonus and dementia, but there arc 
ty-pical retin.il changes tliat do not occur in Jakob- 
Creutzfeldt dise.rse. The other forms of presenile 
dementia do not display such a bewildering array 
of neurologic signs, and in (hem the course is much 
slow cr 

No treatment is known. 

Aniatirolic Familij leliocj and Other Lipidoses 

The conditions to be considered here differ from 
other degenerative disorders in that the underlying 
biochemical abnormality is better defined. They 
are characterized by a more or less widespread tic 
tangement of lipid metabolism, which resvdts in 
abnormal .'iccumulations of lipids in the cytoplasm 
of cells of the nervous system and often of other 
organs as well. (For information relating to the 
problem of the hpjdoses in general. Chaps. 95 and 
283 should be consulted.) This process leads to ab- 
normal function and. eventually, to death of the 
affected nerve cells. There is ample endence for 
hcfcditaiy transmission of these disorders, the 
basis for which is presumed to be a genetically 
determined abnormality of enzymes concerned 
with intracellular lipid metabolism. What specific 
entymes are abnormal and how disease results from 
their biochemical derangement have yet to be 
discovered, although considerable progress has been 
made in identifyang the lipids involved. As far as 
IS known, these substances are not foreign to the 
bo<ly or even to the cells in which they accumulate, 
but instead are normally present there although in 
much smaller quantities 

Special Clinical T>pes. The forms of lipidosis 
which affect the nervous system exclusively arc 
generally classified together as "amaurotic farnily 
idio<y." This term emphasizes the important heredi- 
tary aspect, but it is not entirely satisfactory, since 
it can be correctly applied only to cases occurring 
in infancy. In the cases occurring in older children 
and adults, blindness (amaurosis) may never de- 
velop, and "idiocy,” stnctJy speaking, implies defec- 
tive intelligence existing from earliest infancy. An- 
other name frequently given to this group of lipi- 
doses is “cerebroroacular degeneration," but it is 
accurate only foe infantile cases and for patients 
with the combination of cerebral lesions and de- 
generation of the macular part of the retina. 

Within the group designated as amaurotic family 
idiocy, the following varieties are generally dis- 
tinguished: 

Taif-SacJts Disease. This is tJie classic form of 
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amiurotic family idiocj’ occurring in infanls, almost 
exclusively in Jewish families It is characterized 
l*v extremely widespread neuronal iiwolxTincnt. 
In the reb'na, the lipid nccnmiilation is especially 
proriniinct'd in the nerve cells of the region stir- 
rounding the macula, so that this region appears 
pale on ophtlialmoxcopy. Tlic normal red color 
of the macula thus stands out, giving the character- 
istic “cherry red spot.” Typically, the affected 
children are normal at birth and for a fevv months 
thereafter. Then, generally between the third and 
tenth month of life, the infant becomes sluggish 
and apnthctic This is followed by obvious psycho- 
motor regression. Simultaneously, there Is progres- 
sive impairment of vision, leading finally to com- 
plete blindness. As the dueaso advances, convul- 
sive seizures occur frerpicntly, and the infant shows 
an abnormally active startle response to sounds, 
eventually, there is a stage of complete dementia 
and paraljsis (with hypotonia), and death, from 
intrrcurrent inftction, usu.illy occurs before the 
third year of age Aronsnri (1930) has pointed out 
tint if Uie child survives longer, as may result from 
skillful nursing care and vigorous treatment of in- 
fections, progressive enlargement of the head, shnu- 
laling hydrocephalus, is to be expected. 

tjCtc Infantile Form ({HcUchotesk'j}. This vari- 
ety, which is mre. begins at a somewhat later age 
than Tay-Sachs disease (age thrc'C to four) and has 
a more chronic course. Optic atrophy, rather than 
tlie macular red spot, is typical, and unsteadiness 
of gait with tremulous ataxia on attempted move- 
ments of the limbs (cerebellar ataxia) arc promi- 
nent. In otlwr tcspecls, the elmical manifestations 
resemble lliose seen in Tny-Sachs disease Death 
occurs after a total counc of about 4 to 5 years 

Jtivcnlle Term (Spie/nieyer-VoKt). Tlin form of 
lipidosis IS not conOned to p.itient5 of Jewish 
pircnt.vgc Qinically. the onset is between the ages 
of five to ten, and the course is relatively prolonged, 
with death at the time of adolescence or early 
adulthood. Tlic disorder may Iwgin with progrx^ssive 
visinl impaimient, or with personality cliangcs and 
mfrllcctiial deterioration, and progresses gradually 
to blindness and dc-mentia. On ophthalmoscopy, the 
retina shows the lesions of pigmcni.iry degeneration 
ta form of rilinitis pigmentosa) Additional clinical 
ahnnim illtu“s wliirh arc useful in diagnosis are 
convulsions, myoclonic jerks, tremors at rest and 
on movement, rigidity, and dysarthria. nvmttuHy 
a slate of total liclplossncss is reached, and death 
sexin follows. 

AtUiU Form IKuf»). Tliis Is an extremely rare 
<hvon]cr with a very prolongetl course. In all es- 
sential rr-sj'ccts, it is Montira! to the liivcntle form, 
excipt iLal retinal lesions m-iy he cnmphtrly ab- 
$«iif rnigressive dnnrntiv (xnnbmol with enn- 
vwbivc sei/uTcs and tiemorv or nttitr fnvolunt.vry 
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movements is characteristic of this group. Late in 
the course, generalized rigidity^ may supervene. A 
duration of up to 20 years has been desenbed. 

Generalized Lipidoses with CNS Involvement. 
In addition to the group of lipidoses exclusively af- 
fecting the nervous system, there are a number of 
more generalized disorders of lipid metabolism in 
which the nervous system participates. 

Niemaim-rick Disease. This disease has already 
been discussed in Chap. 95. Tlje typical accumula- 
tion of large amounts of lipid in macrophages 
(reticuloendothelial cells) in many organs, includ- 
ing particularly the liver and spleen, is accompanied 
in almost all cases by lipidosis of the nenods 
system, sirovlar to tlvat occurring in the varinos 
forms of amaurotic family idiocy. The clinical ol>- 
normalibcs referable to the nerv'ous system involve- 
ment consist chiefly of mental retardation and visual 
impairment. Convulsive seizures do not occur rcgvi- 
larly, and the patients do not show the cxaggcratctl 
startle response to sounds that is characteristic 
Tay-Sachs disease. Other neurologic cliangcs occi'f^ 
late The disorder Is considered to be a recessive 
hereditary trait In most cases it becomes cIiniLnl!) 
apparent within the first year of life Tlie cluralie" 
IS variable, sunival into adult years has been re- 
ported, but is extremely rare. 

Cargoijlism. This likewise is a metabolie ahnof- 
mahty affecting many organs. Affection of th^ 
nervous system is manifested clinically by ment^J 
retardation and pathologically by neuronal bpido* 

SIS. 

For further information, Chap 296 should 
consulted. 

Cauchcr's Dwrnjc. Tins generalized metalxvitc 
disoriler of childhood, already described in Chaf- 
05, resembles Nicmann-Pick dise.ise in many re- 
spects, inasmuch as it likewise is cltaractcrircd b) 
extensive bpid accumulations in various organ*- 
espeewUy tlic spleen, liver, and bone marrow. The 
nervous system, however, is rnucli less regularly' 
affected, it may be entirely normal in eases occiif- 
nng III late childhood or adult life, although it usu- 
ally IS involved in infants. In infantile cases with 
involvement of the nervous system, the carhes' 
stages are characterized by abnonnalifics referable 
to impaired function of cranial nerves, such a* 
strabismus, dysphagia, weakness of the face and 
Jaw^. and cxlcnsvow of neck (opisUiotonic postures) 
These changes arc followed later by mental rcfartlJ- 
lion, spasticity, and convulsions. Retinal lesion* 
are not a constant feature, but have been descnlxrd 
Elevation of scrum acid phosphatase, for imeX' 
plained reasons, is frcrjueiilJy found in C.»utherS 
disease but not in the other lipidoses. 

Patholog)’. The chafoctenslic neiiropathologif^ 
change m all tyjies of nervous system lipidosi* 
is cngorgeinent and distention of none fell lioilic' 
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with the lipids concerned, resulting finally in death 
and disappearance of the diseased cells. Abmtdant 
chemical evidence indicates tliat in Tay-Sa<dis dis- 
ease the abnormal lipid accumulation consists 
chiefly of gangliosides (KJenk). In the various other 
forms of amaurotic family idiocy, the histochcmical 
findings (Diczel, 1960) suggest that gangliosides 
predominate in the diseased nerve cells, but quanti- 
tative chemical proof is lacUng. Although in any 
one variety of neuronal lipidosis a particular form 
of lipid may be the one chiefly present, awilahle 
evidence suggests that the abnormal accumulations 
are composed of a mixture of lipids in differing 
proportions, depending upon the particular type 
of disorder. Some of these differences are pointed 
out bclou’. 

In Tay-Sachs disease, the changes are of extreme 
degree and involve nerve cells at all levels, central 
and peripheral, including those in the walls of the 
viscera. In addition, the white mailer, particularly 
in cases with prolonged survival, shows widespread 
devastation of m^'clinated fibers, more extensive 
than can be accounted for by loss of nenc cell 
bodies and the attendant degeneration of their 
axones. These white matter changes suggest that 
this variety of lipidosis may include a primary dis- 
order of mvelin and axones of the sort that ch.ir- 
acterjzes the leukodystropliics to bo discussed 
below. 

In the forms of nen'ous system lipidosis oc- 
curring at later ages, the neuron.il abnormalities are 
less severe and widespread than in infants. It can 
be stated as a general rule that the older the patient 
and the more chronic the course, the less pro- 
nounced arc the neuronal changes. It is typical in 
the late vnfaTAvle and ^vende forma lor the cctc- 
hcllum to be severely affected. In some adult cases 
the principal location of the pathologic alterations 
has been in the basal ganglions. 

In gargoylism, the changes in the nerve cells 
are morphologically and histochemically identical 
with those found in the juvenile (Spielmey'cr-Vogl) 
form of amaurotic family idiocy and arc of similar 
distribution. The identity of the substances in the 
nerve cells has not been established chemically. 

The lipid found to be in excessive amounts in 
the brain in Niemann-Pick disease is chiefly sphingo- 
myelin rather than gangliosides, although these also 
may be increased. The histologic appearance of 
the nerve cells is indistinguishable from that in the 
other forms of neuronal lipidosis, although a dif- 
ference can be shown histochemically. 

Infantile Gaucher’s disease is characterized by a 
considerable degree of nerve cell destruction in the 
cerebral cortex and brain stem and rekafively slight 
amounts of intraneural lipid accumulation. Glyco- 
lipid-laden macrophages, resembling those seen in 
other organs, may be found in the brain, Cerebro- 
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sides constitute tlie largest proportion of the ab- 
normally accumulating lipids in this disease. 

Differential Diagnosis. Tj’pical instances of neu- 
ronal lipidosis in infancy or childhood are so 
distinctive as to be readily recognizable. The diag- 
nosis of the Tay-Sachs form of the disease may be 
established by a biopsy of the rectal mucosa which 
demonstrates the typical nerve cell changes 
in the Meissner plexus. Diagnostic difficulties may 
arise, however, in atj’pical cases, or in those occur- 
ring during Lite childhood or adult life. Under such 
circumstances, other forms of progressive neurologic 
disease, such as neoplasms, chronic infective me- 
ningoencephalitis, or encephalopathy due to nutri- 
tional deficiency or heavy metal poisoning may 
have to be considered In children, ft may be dif- 
ficult to distinguish during life between neuronal 
lipidosis and one of the progressive diseases of 
while matter (leukodystrophies) to be discussed 
below. In the latter group, however, convulsive 
seizures are met with less frequently and myoclonic 
jerks do not usually occur; furthennore, there are 
no visible retinal lesions. Subacute sclerosing en- 
cephalitis (of van Bogaeit) may closely resemble 
Juvenile amaurotic family idiocy, but is charac- 
teristically associated with a first zone elevation of 
the colloidal gold curve in the cerebrospinal fluid, 
whereas the cerebrospinal fluid is normal in the 
neuronal lipidoses. Jakob-Creutzfcldt disease must 
be mentioned because of some clinical similarities, 
but it affects a much older age group. 

There is no known treatment Families with one 
child must be warned of the strong likelihood of 
having other similar children since a recessive in- 
heritance from both patents is the rule. 

LeukodifUropItf/ {Degenerative Diffuse 
CcTchrdl Sclerosis) 

This rare group of conditions, in which familial 
incidence has frequently been observed, is char- 
acterized by a widespread disintegration of white 
matter in association with a remarkable sparing of 
the nerve cell bodies in the gray matter. There is 
thus a superficial resemblance to Schilder’s disease 
(“encephalitis periaxialis diffusa"), which is best 
considered as an unusual v'ariant of multiple sclero- 
sis; in fact, the leukodystrophies have frequently 
been grouped together as "familial Schild^r’s dis- 
ease." The best evadence at present indicates, how'- 
ever, that the leukodystrophies represent disorders 
of the metabolism of the myelin sheath lipids, and 
thus aie probably most closely related to the 
neuronal lipidoses previously discussed. The leuko- 
dystrophies can be further classified on the basis 
of Iiislopathologio and histochcmical differences into 
3 number of subtj'pes, wliich are considered below. 

Pathology. The distinguishing feature is diffuse, 
symmetric breakdown of the white matter of the 
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cerebral hemispheres, in \shich, as a rule, axoncs 
sutler cUmage to approximately the same degree 
as the myelin sheaths. Also characteristic is the 
presence, within the dc\'astated regions, of lipid 
lircakdown products of mychn which show distinct 
histochemical differences from the familiar lipid 
products met with in all the other disease processes 
destrojing myelin, such as infarction, traumatic 
necrosis, secondary fiber tract degeneration, dcmj'c- 
linativc lesions in multiple sclerosis or Schilder’s 
dis«ise, and so on. The relative intaetness of Uic 
iier-'e cell bodies forms a striking contrast to tlie 
extensive white matter lesions. 

Melachwmatic Leukocncej^alopalhtj. In an im- 
portant group of cases, the lipid bre.akdown prod- 
ucts display the staining reaction called mctachro- 
masia to a degree and intensity encountered in no 
other nervous system disease. Myelin at every level 
in the Central and peripheral nervous system is 
involved in this variety of leukodystrophy, and 
engorgement of nerve cell bodies with similar 
mctachromalic lipid has regularly been found in 
luiterior horn cells of the spinal cord, dentate nuclei 
of the cerebellum, and in some of tlic nuclei of the 
bram stem and basal ganglions, but not m the 
cerebral cortex. Tlie appearance of such cells is 
reminiscent of that in conditions such as amaurotic 
family idiocy (sec above), but Uic location and 
liistochcmicsil behavior of the involved cells arc 
different. Ilcccnt investigations (e.g., Austin, 1960) 
indicate that the mctachromatic lipid Is chiefly 
composed of cercbrosido-sulfurlc acid esters (sul- 
fatidcs), which are a normal component of myelin. 
Possibly this material accumulates In abnormal 
amounts because of a failure of its utilization dur- 
ing the processes of mychn metabolism, an abnor- 
m.ality m hich In turn could well lead to breakdown 
of the mychn. It is noteworthy that similar meta- 
chromatic material Is regufarfy found in kkfncy 
tubule cells and in Kupffer cells of the livTr. un- 
accompanied by any functional disorder or tissue 
destruction in tliese organs. It seems most likely that 
the changes In these organs arc a secondary phe- 
nomenon, resulting from the excretion of substances 
onginating in the nervous system, rather than that 
the liver and kidneys arc primarily involved in the 
metabolic disorder. 

■fliis form of leukodystrophy with mctaclirornatic 
breakdown products has been encountered in in- 
fants, children, and young adults, occurring in a 
familial or sporadic pattern. It has not so far been 
iound in old age. Tlie familial diffuse ccrclwal 
sclerosis of Scliolz has clearly been shown to Wlong 
to the group, and the similar familii! cases of 
Biclschowsky and Hennelwrg almost surely do. 

Knhhe Torm of Lcukculyttrophy. In this variety, 
first described by Knud Krabbc in 1910 as a familial 
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disorder of infants, tlie lipid breakdown products 
also arc atypical as compared with those occurring 
in most patliologic processes which destroy myeliii. 
They differ hfstochcmically from the mctachromalic 
material just described in several ways, inchichng 
absence of mctachromasia. Typical of this disordw 
IS the presence of unusual multinucleated phagocy-. 
tic cells resembling foreign body giant cells, within 
which the lipid breakdown products are containetl 
Ileccnl studies suggest that cercbrosides may pr?;- 
domiiiate in the phagocytosed lipid (Cumings 
1960). 

Late hije Leukodystrophy. In recent years, a few 
cases hav’c been described of a very chronic fonn 
of while matter degeneration occurring in the 
preseniJe period, in which the atypical lipid prod- 
ucts most closely resemble the lipofuscins, the 
“wear-and-tear” lipid pigment of advandng age. 
This is an extremely rare condition, about wluch 
very little so far is known. 

rdizacus-Merzhachcr Dtsease, In this condition, 
which is characterized clinically hy a pronounced 
familial tendency and a very chronic course, tlic 
vvliitc matter lesions are patchy and irregular, rather 
than evenly distributed as In the other forms of 
leukodystrophy. Furthermore, there is relative spar, 
ing of axoncs. Anotlier distinguishing feature of this 
disorder is that the breakdown products of tbp 
myelin, although very sparse (as would be expected 
from the prolonged course), arc of the usual sort 
regularly seen with myclm destruction, rather than 
being atypical as in the conditions described above. 

Clinical Aspects. The symptoms and signs in all 
the forms of leukodystrophy arc mainly tliose of n 
progressive dementia, often associated in the early 
stages with weakness and unsteadiness of gait 
Likewise prominent are spasticity and exaggeratior, 
of lovdon reflexes, referable to the destructive le- 
sions in the corticospinal motor system. Generalizotl 
convulsive seizures may occur but are not invari. 
able. No clinical phenomena clearly serve to differ, 
enliate leukodystrophy from other diffuse progres. 
sive cerebral diseases. In the form with mctaciiru. 
malic breakdown products of myelin, it is possible- 
to demonstrate mctachromatic Lpids in the urin(> 
which do not oceva- normally or in other disease^ 
(Austin, 1937, cf. 1960). In this way, the diagnosis 
can be made during life. 

Differential Diagnosis. Familial occurrence, signs 
referable to a disorder of long projection and as^ 
sociativc fiber systems, and relative hack of con^ 
vulsive manifestations may suggMt ibe diagnosiit 
during life. OUierwasc, the identification of llieso 
conditions requires pathologic cxaminalion, except 
in so far ns it may bo possible to identify tho 
mctachromatic variety by appropriate examinaliori 
of urinary’ sctUmcnt. 
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Progressicc Familial Myoclonic Epilepsy 

This rare disorder forms a distinct clinicopatho- 
loglc sjmdrome characterized by recessive heredity. 
TypicjiU)’, it appears in childhood or early odidl 
hfe, beginning with generalized con\'ulsive seiz- 
ures, which are followed after an inter\'al of years 
by myoclonic jerks of increasing frecjuenrty and 
severity and progressi\’o dementia, with death be- 
fore middle age. The pathologic features suggest a 
disorder of ners’e cell metabolism, the nature of 
which remains unidentified. 

Palholog)'. In many of tlie cases on record, there 
are distinctive inlracytoplasmic inclusion bodies 
u-ithin nerve cells which may be found at all levels 
in the central ners’ous system, althougli they arc 
most frequent in the dentate nucleus of the cere- 
bellum. substantia nigra, and thalamus. These 
bodies, which have the histochemical properties of 
acid mucopolysaccharides, were initially described 
by Gonzalo Lafora (1911) and are generally knowm 
as Lafora bodies. In addition to these inclusions, 
there is alwap some degree of nen-e cell loss in 
gray matter structures, together with some reactive 
gliosis. Tn a recently described case svith typical 
clinical findings and numerous Lafora bodies in the 
brain and spinal cord, material histochemically 
similar to the Lafora bodies was found in heart 
muscle fibers and liver cells (Harriman and Millar, 
195Q). Some othcnvisc typical cases have been 
described In which Lafora bodies were absent. A 
few cases are on record in which the disorder was 
associated with the pathologic findings of amaurotic 
family idiocy. 

Clinical Aspects. Tlio onset in most cases is at 
about the time of puberty. The convailsive seizures, 
with which the disorder usually begins, are in no 
Way distinctive. The myoclonic jerks are sudden, 
asymmetric or sj'mmetric brief contractions of 
muscle groups of the limbs, face, and trunk, oc- 
curring arrhylhmically and unpredictably, usually 
With sufficient force to displace the p.arts affected. 
They characteristically are provoked by all sorts of 
stimuli, but occur spontaneously as weff. The sud- 
den contractions may interfere seriously with willed 
movements, or may cause the patient to fall 
abruptly. The disorder progresses gradually, run- 
ning a course over several years, with terminal 
stages characterized by profound dementia and 
total helplessness. Treatment w'th anticmivulsant 
medication may relieve the generalized convulsive 
seizures and reduce the frequency of the royodonic 
jerks, but has no effect on the dementia. 

Differential Diagnosis. Other forms of progres- 
sive dementia with myoclonus may have to be 
considered. These are discussed above under Jakob- 
Creutzfeldt disease and the lipidoses. In familial 
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myoclonic epilepty, convulsive seizures are more 
prominent than in the other disorders mentioned. 
Tlie diagnosis may be suspected during life but 
can be confirmed only by autopsy. 

There is no treatment. 

Ifallercorden-Spatz Disease 

This unusual disorder, often familial, is asso- 
ciated with a rather variable clinical picture in 
which abnormalities of posture and muscle tone, 
fm'olunlary movements, and progressive dementia 
predominate. Pathologically, there are character- 
istic abnormalities in the basal ganglions, suggest- 
ing a localized disorder of metabolism. The features 
of the condition were classically described in an 
affected family by Hallervorden and Spatz (1922). 

Pathology, Distinctive of this condition is the 
accumulation of large amounts of pigmented ma- 
terial in the globus palhdus and zona reticulata of 
the substantia nigra, resulting in grossly visible 
browmish discoloration of these regions. Micro- 
scopically. there ore irregular pjgmented concretions 
and granules of var^’ing brownish or greenish hues, 
depending upon the slams used. A considerable 
number of these show the presence of iron, and the 
local tissue iron is increased in amount. It is gen- 
erally believed that these deposits of material con- 
sist of subst.inces normally present in the regions 
affected, but greatly increased in quantity. There 
is no systemic disorder of iron metabolism. Nen'c 
ccU loss occurs in these regions and likewise to 
some estenl in ite cerebral cortex, altliough it gen- 
erally is not so severe as in other forms of degen- 
er3ti\-e brain disease and is o%’ershadowed by the 
pigmentary disorder in the basal ganglions. 

Clinical Aspects. The disorder typically makes 
its appearance in childhood or adolescence, with 
abnormalities in muscle lone and movements such 
ns rigidity and choreoathetosis. Abnormal postures 
of the trunk characteristic of torsion spasm (dys- 
tonia) may be seen. Cerebellar ata.xia is also 
present in some cases. The tongue may protrude 
involuntarily from the mouth. Speech becomes 
indistinct, and there is progressive intellectual im- 
pairment. Eventually, the involuntary movements 
give way to increasing generalized ngidity, and 
death comes as a rule about 10 years after onset 

Differential Diagnosis. No feature of the clinical 
picture serves to distinguish this particular dis- 
order from otlier conditions showing dementia 
with e.xtrapyramidal motor abnormalities. Hepa- 
tolenticular degeneration must be excluded by ap- 
propriate laboratory tests. Tire clearly progressive 
course sets this condition apart from clinically 
similar abnormalities resulting from accidents or 
illnesses at birth or in the neonatal period. The 
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disease is probably linked to the Kufs’ type of 
lipidosis, at least in some patients. 

There is no treatment. 

U’lison's Disease (f/epa/oIeniicHlaf Degencnilion) 
This condition is discussed m Chap. 93. 


SYNDRO.ME CHIEFLY M.\N1FESTED 
BY SLOW DENTLOPMENT 
OF ABNORMAL POSTURES OR 
LWOLUNTARY MOVEMENTS 

Paralysis Agilans (Parkinaon’s Disease) 

Tliis by no means rare conditions was named 
and classically described by James Parkinson in 
1817. Ills remarkably complete account gn-cs this 
definition: "In\-oUintary tremulous mobon, with 
lessened muscular power, in parts not in action and 
even when supported; with a jiropcnsity to bend 
the trunk forw-ard, and to pass from a walking to 
a running pace, the senses and intellects being 
uninjured." 

Typically, paralysis agilans is a disorder of mid- 
dle or late life, with very gradual progression and 
a prolonged course. Although it Kas been seen to 
occur in families (the estimated familial incidence 
is 0 per cent), it usually is sneradic. It bears no 
consistent relabonship to any known disease proc- 
ess such as arteriosclerosis, trauma, or intoxication, 
oltliough such conditions have often been invoiced 
ns etiologlcally significant and may at times produce 
somewhat similas clmlcal mawifeslaUons. U is well 
recognired, how’ever, that the epidemic encephalitis 
of son Econonio, which occurred in a world-wide 
distribution in the years following the First World 
W'ar, was followed in a considerable number of 
erases by a syndrome clinically indistinguishable 
from p.xralysis ngitnns. It is usual in such instances 
to speak of postencephalitic parkinsonism, whereas 
the term Parkinson's disease should be reserved for 
true paralysis agitans of unknown cause. 

Pathology. Despite the general famtlurity wlUi 
the condition and an extensive literature on the 
subject, it cannot be said that the pathologic 
changes of p.iralysis agitans arc yet fully tinder- 
stood. Tlic only regularly obsertrf changes base 
iK’cn in the aggregates of melanin-containing nerve 
nils in the bram stem (substantia nigra, locus 
catnilcus, dorsal motor nucleus of tlic vagus), 
where var)ing degrees of nerse cell loss s\*ith 
reactive gliosis, most pronounced in tlie substantia 
nigra, along witli distincthc eosinophilic inlnMyto- 
plasmic inclusions (Lewy bodies, after their descrip- 
tinn by F H I,ewy in 1913) arc a consistent End- 
ing Changes biNc also been described in rthcr 
structures of the b.is.il ganglions, but tliey arc not 
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clearly diEerent in nature or degree from what 
may be encountered in other patients of similar 
age wulhcmt extrapyiamulal motor disorders, h 
is tempting, therefore, to consider paralysis agitans 
as belonging with the system diseases, the affected 
"system" being that of the pigmented nuclei of the 
brain stem. It is noteworthy that similar changes 
in the same groups of mekanin-containing cells arc 
likewise found in postencephalitic p.irkinsonism, 
which pathologically, as well as clinically, may 
be extremely difficult to distinguish from paralysis 
agitans. 

Clinical Aspects. In its fully developed form, tliis 
disorder cannot be mistaken for any other. The 
stooped posture, the stiffness and sloivness of move- 
ment, the rigidity of facial expression, and the 
rhythmic tremor of the limbs which subsides on 
active walled movement or complete relaxation 
are familiar to every cbnician. Although symmetric 
in the kitcr stages, the disorder typically begins 
as)Tnmetrically, e.g., as a slight tremor of the 
fingers of one hand or in one leg- Also typical is 
more or less general stiffness of the mus^ature 
so that even where tremor is inapparent, the dis- 
ease may betray itself by a somewhat staimg and 
Immobile facial expression, a monotonous voice, a 
general slowness of all motor activity, and a curi- 
ous Jack of tlie little spontaneous movements of 
postural change that ore so characteristic of the 
normal individual. WTien tremor Is minimal, pa- 
tients often are able to alleviate it by resting their 
hands on a table or the arms of a chair or by keep- 
ing them in their pockets. *1110 tremor, although 
fluctuating from moroent to moment in nTriX^Aude 
and distribution, is perfectly regular, at a rate nf 
about 4 to 6 per second. A fine, more rapid (ac- 
tion) tremor may be seen in the early stages of the 
disease, whereas a more violent trembling of greater 
amplitude characterizes the later course. The 
tremor is generally most pronounced in the hands 
but may involve also the legs (and thus secondarily 
the trunk), lips, tongue, and neck muscles, and is 
easily seen in the eyelids when they are lightly 
clos^. There is no total paralysis, although general 
enfecblemcnt of voluntaiy movement is character- 
istic of tlie fully developed disorder. Together vvilh 
the stooped attitude, there is the typical “festinat- 
in^ g.iit. whereby the patient, prevented by the 
abnormally of postnrnl tone from making the ap- 
propriate Tcfle.x adjustments required for effective 
wadking, progresses witli quick shufnjng steps at an 
accelerating pace as if to catch op vvitli his center 
of gra\ ity. Clinical examination of the tendon .and 
plantar rcllc.xps discloses no abnormalities. There 
are no sensory changes, although deep aching in 
joints and muscles is common. Eventually, the 
patient may Income so incapacit.ateil by ngidilv 
and tremor ns to be helpless in caring for himself. 
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It has often been obsened, however, that even 
scN'ercJy disabled patients may under great emo- 
tional stress perform complc'c motor acts quieWy 
and efliciently in a manner that ordinarily would 
he impossible for them. Thus, a patient may be able 
to jump up and run out of a burning building on 
hearing the call of “Fire” — only to be helpless as 
before once tlie crisis is past. Although the tempo- 
rary alle\’ialion under extreme pro\oealion can 
never be long maintained, it Is nevertheless true 
that the severity of the s)'mploms is considerably 
influenced by emotional factors, being aggravated 
by aaxiety, tension, and unhappiness, and minimal 
when the patient is in a contented frame of mind 
Despite the inherently progressive nature of the 
condition, much can be achieved with good medical 
management, and patients may continue for years 
to live effective, happy lives in spite of this afflic- 
tion. Intellectual deterioration is not a consistent 
feature of paralysis agitans, but it must be conceded 
that in very advanced stages of the condition in 
some cases, dementia may be encountered. 

Differential Diagnosis. In typical cases, this is 
not difficult. The cxtrapyramidal syndromes as- 
sociated with most diseases of known cause or 
established nature such as cerebral vascular dis- 
ease, cerebral hypoxia (including carbon monoxide 
asphyxia), or metallic poisoning differ from paraly- 
sis agitans in a number of respects, such as atypical 
behavior of tremor, presence of signs of pyramidal 
tract deficit, or early onset of dementia. The dif- 
ferentiation from postencephalitic parkinsonism may 
be impossible; a clear history of an attack of 
epidemic encephalitis (prolonged somnolence, dis- 
turbance of consciousness, diplopia ) and relatively 
early age of onset of the disorder and the presence 
of tics, localized spasms, and oculogyric crises may 
be the only clues to this diagnosis. In recent years, 
a neurologic disorder strikingly similar to Parkin- 
son's disease has been seen following the prolonged 
administration of kirge amounts of rcserpine and 
similar drugs, which subsides on withdrawal of the 
offending drug — a mailer of considerable theoretic 
and practical importance. Parkinsonism is rarely if 
ever produced by cerebral neoplasms. 

Treatment. Although no knosvn treatment influ- 
ences the underlying disease process, patients with 
paralysis agitans can often ^ greatly helped by 
well-managed symptomatic therapy. An important 
part of any such program is to help the patient by 
means of sympathetic understanding to comprehend 
the nature of his illness and to carry on courageously 
in spile of it. The constant tremor and rigidity 
result in physical fatigue; thus patients generally 
require more rest than previously. Physical meas- 
ures. such as massage, acti\ e exercises, and passive 
manipulations may promote greater muscular relaxa- 
tion, alleviate the muscle and joint aching which 


may be prominent and early symptoms of the 
disease, and help to prevent contractures 

Along with these general supportive measures, 
optimum treatment in most cases requires the wise 
use of antispasmodic drugs, singly or in combina- 
tion. Tlie program of medication in each case must 
be on an individual basis, with choice of drugs 
and adjustment of dosages under close medical 
supervision until a maximum of therapeutic benefit 
with a minimum of toxic side effects is achieved 
At best, only a partial relief of symptoms can be 
expected, with rigidity in general responding bet- 
ter than tremor, although even the latter may be 
considerably allayed in some eases; but even partial 
relief may make the difference between effective 
living and incapacit)’. 

The drug treatment of paralj’sis agitans (and post- 
encephalitic parkinsonism) is on a purely empirical 
basis. It has long been known that some relief can 
be obtained wiUv drugs of the belladonna group 
(atropine, scopolamine, stramonium), and these 
substances are stvU extensively used. A number of 
synthetic antispasmodics have become available 
and appear to be more effective in many instances 
than the older forms of medication. Preparations 
of this kind are trihexyphenidyl (Artane), etho- 
ptopazinc hydrochloride (Parsidol, Lyslvaiie), pro- 
cychdine hydrochloride (K'cmadrin), cycrimine hy- 
drochloride (Pagitane), benzatropme methanesul- 
fonatc (Cogcntin), and caramiphen hydrochloride 
(Panpamit). Some of the antihistamines, such as 
phenindamine (Thephorin) and diphenhydramine 
(Benadryl), have likewise been shown to be help- 
ful. A combination of drugs is often better than 
one alone. A recommended program is to begin 
with Parsidol, 10 to 20 mg, three to four times 
daily, and to increase this gradually at 3-day inter- 
vals to a maximum of one lOO-mg tablet four times 
dally. If the patient already is taking one form of 
medication for this condition and it is desired to 
substitute another form, the older medication must 
be discontinued gradually by small decrements, 
rather than abruptly, while the newer one is being 
increased to full dosage, otherwise a severe increase 
of rigidity or tremor may occur. Toxic effects 
include nausea, lighlheadedness, drowsiness, and 
particularly in older patients, mental confusion, 
often at night. These effects subside rapidly when 
smaller dosage is resumed. Once the optimum dos- 
age with this preparation is reached, further thera- 
peutic benefit may be achieved by adding other 
drugs, such as Artane (2- or 5-mg tablets, three to 
four times daily) or Thephorin (25 to 50 mg, three 
to four times daily), or both. It is to be empha- 
sized that any of these drugs should be given to 
the threshold of toxicity before being disconb'nued 
as ineffective and that dryness of the mouth is an 
unavoidable side effect. Occasional patients, witJi,^ 
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ilio\Ysincs$ or slwggisl^ncss, are helped lij' the addi- 
tional \ise of analeptics (dcxtroamphetaimnc, 5 
mg, two to three times daily) hut not late in the 
day so that sleep is not disturbed. Patients who are 
tense and restless may require Judicious use of 
sedatives. 

In recent years, surgical measures Iiave been 
developed for the relief of parkinsonism and have 
been attended by very gratifying results in well- 
selected cases. The procedure consists of producing 
carefully localized focal destiuctive lesions in or 
near the globus pallidns or in the ventrolateral 
nucleus of the thabmus on the side opposite the 
tremor and rigidity. The anatomic and physiologic 
reasons for the cfFoclivcness of these surgical le- 
sions arc still very poorly knoum. The best results 
are obtained in relatively young patients with 
normal intellectual faculties in whom the disease 
is chiefly unilateral; under such drcumslanccs, 
dramatic benefit may be obtained by a correctly 
placed contralateral lesion. Bilateral operations are 
carried out, sometimes with excellent results, but 
the risks of mental and physical crippling are 
greater. Advanced stages of the disease and de- 
mentia are absolute contraindications for surgical 
tre.itmcnt. Any surgery for lids disease must, of 
course, bo carried out by a neurosurgeon who is 
partfcubrly {ramerl fn and contpelent m these 
special tccliniques. 

Dyslonia MuieuJorum Deformam 
(Tors/on Spasm) 

This is a clinical term, denoting a state char* 
ftctcriicd by slow, svowbydwaio iTiVolunVary move- 
ments which produce abnormal, at times bizarre, 
postures of the trunk and limbs. With passage of 
time, these postures tend to become more or less 
fived. Underlying the dinlcal disorder may be any 
of several pathologic conditions, such as the resid- 
ua! lesions of epidemic encephalitis, the pigmented 
deposits of Ilallervorden-Spatz disease (descnlied 
.tliovc), hepatolenticular degeneration (Wilson's 
disease), or the sears of cerebral birth injury in the 
broad sense, or kemictenis. In addition, there are a 
few rare cases with relativdy early onset and pro- 
gressive course and, in some instances, familial oc- 
currence. 

Patiiology. Veiy few cases have been stuihcd 
pathologically. In some, the caudate nudeus and 
putanicn were the chief sites of disease; In others, 
the globus pallidus was alTccted without significant 
alteration of other parts of the corpus striatum. In 
addition, lesions have been found in die thalamus 
and subthalamic nucleus in a few instances. The 
abnormalities have consisted of simple cell loss 
v\ith reactive gliosis, without specific features. 
Because of llic variability in the location of lesions, 
^t has not been possible to relate the motor ab- 
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nonnalities to disease in any specific anatomic 
structures. 

Clinical Aspects. TIic motor abnormalities arc 
desenbed in Chap. 26. In the early stages, the 
Involunlarv' muscular contr.iclions are intermittent 
and variable in location and severity, but tjpicnlly 
Interfere with motor pcrformatice by supciimposing 
an unwanted posture upon parts in use. Progression 
may be relatively rapid in cases with onset during 
early childhood, but is slow in those beginning in 
late childhood or adult life. The end-result is ev 
Ireme disability, with grossly distorted postures of 
the tnink and contractures of the limbs. Affection 
of face and tongue muscles results in faulty articula- 
tion of speech, which eventually becomes incom- 
prehensible. The tendon and plantar refleves, which 
can be assessed only during moments of relaxation 
of the affected parts, are cJiaracteristically normal 

Dementia Is not a necessary accompaniment of 
the condition, except perhaps in the terminal stages; 
but wnth severe derangement of all available 
methods of communication, an adequate evaluation 
of mental capacity may be impossible. 

Spasmodic torticoVis (see Chap. 20) may well 
be a form of dystonia, but It t^Ically does not 
progress to involve the musculature generally. How- 
ever, torticollis may be an early symptom in ca.ses 
later showing the typical generalized motor abnoN 
malities. 

Differential Diagnosis. Hepatolenticular degen- 
eration should be seriously considered in any case 
presenting these motor symptoms, and appropriate 
measures should be undertaken for its investigation 
(see Cbap. Tbe progressTve ttaase, wad pos- 
sibly the tomily history, differentiate the degenera- 
tive group from the “symptomatic” dystonias re- 
sulting from infections or metabolic disorders oc- 
curring 3t birth or later. 

Treatment. This is most unsabsfactory. Dj’Stonia 
fa notoriously unresponsive to drug therapy, al- 
though nntispasmodic drugs such as those used for 
parkinsonism should be tried. Surgical relief has 
been attempted in a few cases, with some promising 
early results in approximately 80 per cent and a 
5 Q per cent mortality. This is the only treatment 
of any real vxdue. Pending decision to operate it is 
worthwhile to try the drugs used in the treatment 
of Parkinson's disease. 

SYTiDROME CHIEFLY' MANIFESTED 
BY SLOYIXY' DEVELOPING ATAXIA 

The conditions about to be considered are distin- 
guished clinically by progressive unsteadiness m 
standing and walking, along v'ntb more or less 
impairment of the coordination of other motor 
acts. Pathologically, they arc characterized h' 
degeneration of the cerebellum and/or its related 
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fiber sj'stcms, and thus constitute classic examples 
of tlie s)stem diseases. Althovigh sporadic instances 
occur, hereditary transmission is an outstanding 
feature in many eases; thus, this group of disorders 
is often referred to as the hereditary ataxias. Tlieir 
subdivision into more or less separate entities is 
largely arbitrary, with pathologic changes of vary- 
ing distribution underlying clinically indistinguish- 
able symptom complexes. Furthermore, there is 
considerable ox’crlapping with other forms of hered- 
itary nervous disease, so that in a given case a 
remarkable combination of defects may be en- 
countered. These facts have led to the idea that in 
the ataxias there is a group of closely related ge- 
netically determined abnormalities that may occur 
together in an almost infinite series of combinations, 
so that it is not possible to separate out well-defined 
disease pictures. Nevertheless, certain constellations 
of symptoms and pathologic findings occur until 
sufficient regularity to warrant their separation for 
purposes of discussion. The classification about to 
be given is not entirely satisfactory but is designed 
to be of practical help to the physician confronted 
with a case. 

Cerebellar Degenerations 

To be discussed are the forms of progressive 
ataxia which are associated with patliologic changes 
predominantly in the cerebellum. These include 
both hereditary and spoiadic cases and eoinpnsc, 
in addition, the rather rare subacute spinoccrcbcUat 
degeneration associated \sitli the picsencc of car- 
cinoma of various types elsewhcie in the body. The 
hereditary and sporadic forms of cerebellar degen- 
eration resemble one another so closely tliat, for 
the purposes of the present discussion, they uill 
all be referred to as "hereditary cerebellar degenera- 
tion." Most cases are seen in adults, witli the onset 
occurring in middle life. 

Pathology. In hereditary cerebcIKar degeneration 
llie cerebellum is obviously atrophied. In one group 
of cases, these changes are chiefly localized to the 
superior vermis and adjacent pails of the cerebellar 
cortex, whereas in an cx'en larger group, the entire 
cerebellar cortex is affected. Microscopically there 
is loss of ncr\e cells principally affecting the Pur- 
linjc ccUs, altliough the granule cells arc often 
iinolved as well. In most cases, there is .an asso- 
ci.Ucd atrophy of nerx'c cells in the inferior olhxiiy 
nuclei in a distribution dependent upon the location 
and extent of the changes in the cerebellar cortex. 
It no longer seems justifiable to separate the cases 
"ith associated olhary degeneration from the rest 
and to designate them as "ccrebello-oln ary degen- 
eration,'' as h.TS been done in the past. In ofico- 
pontoccrchcllar degeneration, there arc extensive 
degenerative chances in the pontine nuclei, middle 
ixre!>cll.nr peduncles, and olivar)’ nuclei. In addi- 
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Hon changes in the cerebellar cortex such as have 
been noted above may or may not be present. In 
all varieties of cerebellar degeneration, affection of 
other neuronal systems — as, for instance, tlie cere- 
bral cortex and basal ganglions — rnay be encoun- 
tered. In some cases, there are changes in the 
dentate and roof nuclei of the cerebellum and 
Uidr projections in the superior cerebellar pedun- 
cles (denfaforiihrol ofropJiy), but these arc always 
found in association with more diffuse cerebellar 
or spinocerebellar degeneration Carcinomatous cer- 
ebellar (spinocerebellar) degeneration is charac- 
terized by extensive cell loss in all parts of the 
cerebellar cortex, often associated with inflamma- 
tory (lymphocytic) infiltrations in the perivascular 
and subarachnoid spaces. In addition there are de- 
generative changes in the long fiber tracts of the 
spinal cord. These lesions do not depend upon the 
presence of tumor implants anj-wherc in the nervous 
system or its coverings, but rather are thought to 
be due to a metabolic abnormality somehow result- 
ing from (he presence of carcinoma. 

Clinical Aspects. In the hereditary’ form of cere- 
bellar degeneration tlie abnormality appears first 
in the legs, resulting in unsteadiness of stance and 
gait of the peculiar wavering, lurching character 
so typical of cerebellar at.ixia (see Chap. 26) This 
has been correlated with the locahzabon of changes 
in the superior vermis of the cerebellum and ad- 
jacent ports of the cerebellar cortex. With more 
extensive ccicbellai involsement, a disturbance in 
articulation and rhythm of speech occurs tliat may 
progress to total incomprehensibility, and the arms 
likewise become ataxic There may be ny'St.ngmiis. 
but it is often absent. Mfficrc there is affection of 
other neuronal systems, additional neurologic ab- 
normalities, such as c.xagguTalcd tendon reflexes, 
extensor plantar responses, rigidity, tremor, and 
dementia, may be encountered (ccrebroecrebcllar 
degenero/iofi). Progression is gradual ond slow, 
being measured in decades, and may not necessarily 
shorten life. There is no specific treatment available 
for any of the progressive ataxias, although en- 
couragement and gait training may enable a patient 
to overcome his disabJity to some extent. 

In the cases associated with carcinoma, the tempo 
of cvxilution of the process is relatively’ rapid, with 
scvxire disability coming on within a period of 
months. Vertigo, diplopia, and nausc.’i may be 
prominent. In an occasional case, tlic neurologic 
symptoms have appeared before there was any 
obvious evidence of carcinoma. In contrast to the 
consistently normal cerebrospinal fluid findings In 
the forms of ccrcliellar degeneration noted aliovc, 
the cerebrospinal fluid may show increaset! lympho- 
c\tcs and protein in carcinomatous spinocerebellar 
cicgeneratjon. 

Differential Diagnosis. Tlie slow but relentless 
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progression in the absence of abnormalities in the 
cerebrospinal fluid distinguishes the hereditnrj' 
group from other forms of cerebellar ataxia such 
as may occur with neoplastic, infecoous, or demj'e- 
linalive disease, with drug intoxications (e.g., bar- 
biturates), or with liyperpjTcxia. The degenerativ'c 
disorders under discussion tend to occur in a setting 
o! olhcr^vise good general health; this, together 
with other clinical differences, distinguishes them 
from the ataxia of deficienc}' disease, as in the 
Wemicke-Korsakoff s)'ndrome (see Chap. 2SS). 
The form of spinocerebellar degeneration associ- 
ated witli carcinoma may be distmginshed from 
direct carcinomatous invoh’emcnt of the nerxous 
sjstcm by llie sjanmelry of the findings and the 
absence of increased intracranial pressure. Alcoholic 
cerebellar degeneration usually dc\ clops rapidly, 
and tlien may remain more or less stationary for 
the remainder of tlie patient’s life (Chap 28S) 

tieredilanj Ataxia of Pierre Marie 
This designation has been applied to cases of 
hereditary progressive ataxia with onset in early 
adulthood Considerable doubt has been mixed 
ns to the validity of retaining the concept of Marie's 
hereditary ataxia, because pathologically this is by 
no means a uniform group. When Picrrc Mane 
WTOtc about the subject m 1893, Friedreich’s ataxui 
(to be described below) had relatively recently 
bteome recognized as a distinct entity Marie 
pointed out, on the basis of case reports m the 
literature, tliat there were other cases of hereditary 
ataxia, of later onset, which could not be fitted into 
Friedreich’s description, fic offered the suggestion 
tliat the cerebellum Itself was the major site of 
disease in tliesc cases Subsequent p.ithoIogic exami- 
nation of the cases he reviewed have shown that 
he w’as partly in error in this supposition; never- 
theless, following his report, the concept of Marie's 
at.Txia has appeared repeatedly in the w-ritings on 
liereditaiy’ ato-xia. Cases that might be ckissified 
with this group either are indistinguishable from 
those discussed above under Uie ccrcbcDar degen- 
erations or are varnints of Friedreich’s ataxia. 

rricdrcich’s Ataxia 

This classic form of hereditary ataxia, first clearly 
depicted bj Nikol.iiis Friedreich of Heidelberg in 
1803, forms a rcbtivcly distinct s)mptom complex 
w Inch generally runs true to form, although it ovTt- 
laps other heredodegenerative syndromes, particu- 
larly tlie chronic peripheral neuropathies and pro- 
gressive optic atrophy, conditions to be discussed 
subsequently rnedreich's ataxi.i is typically a 
disease of childhood or adolesc-ence, altlioiigli onset 
at a somewhat later age has occasionally been 
seen. In some families, tlie disorder occurs with 


dominant inheritance; it is a recessive trait in 
others. 

Pathology. The principal changes are in the 
spinal cord and peripheral nerves; they are typical 
of a chronic degenerative process. In the cord the 
disease affects chiefly the sensory fibers of the 
posterior columns, the spinocerebellar tracts, and 
the corticospinal (pvTamidal) tracts. Additional 
lesions of varying extent may be found in the brain 
stem ami in the cerebellum itself, although the 
latter stnicture occasionally is intact. Involvement 
of other parts of the central nervous system St 
higher levels occasionally occurs. In the peripheral 
nerves the lesions vary likewise in severity and 
extent. They resemble tliosc encountered In the 
chronic peripheral neuropathies to be described 
below. In addition to the neuropathologic changes, 
there is in some c.iscs a peculiar form of myocardial 
degeneration resulting in thickening and fibrosis of 
tlie myocardium. There arc no otlier associated 
visceral lesions 

Clinical Aspects. As with other progressive 
ataxm. the disorder first appears in the legs. Thus, 
the child patient, previously he.xlthy, begins to 
stagger and lurch m walking and is unsteady, often 
m a tremulous fashion, on standing Clumsiness and 
intention tremor of the hands and arms appear later, 
along with faulty articulation and abnormal rhythm 
(scanning) ol speech These symptoms usually 
result from ch.anges in the cerebellum The limbs, 
in addition to being ataxic, generally show con- 
siderable weakness Examination usually disclose* 
nystagmus and skeletal deformities: kyphoscoliosis, 
the basis for which is not certain, and a pecuba^ 
foreshortening and high arching of the feet (pe* 
C.XVUS) With cocking up of tlie toes (sometime* 
called the "Friedreich foot”), best ascribed to 
atrophy and contractures of the musculature of 
\V»e (wA Typically, there Is the unusual comhinatlow 
of total absence of tendon reflexes w'ilh extensor 
plantar reflexes (BabinsU sign). This results from 
the presence of pyramidal tract degeneration to- 
gether with penplieral neuropathy. The presence 
of a pcnpheral neuropathy Is further indicated by 
impairment tif position and vibration sense in th^ 
extremities and, in some patients, by impairment 
of the sensations of pain, temperature, and light 
touch in a roughly glove-and-stocking distribution 
Tlie optic disks may be pale, indicating optic 
atrophy, although actual blindness is relatively rare 
Some patients are of low intelligence or may be' 
come demented in the course of tlie disease. Sur' 
\lval beyond early adult life is rare, with death 
frequency the result of associated myocardial 
disease. 

Occasionally very mild or fragmcnt.ity forms ol 
the disorder (such as pes cavus and absent or 
hyperactive tendon icfiexcs) may be encountered, 
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u-ith little if any disability or progression. Such 
abnormalities arc most likely to be seen in other 
members of the family of a p.iticnt afflicted with 
Uie fully developed form of the disease. 

DilTcrcnlial Diagnosis. Tlic classic fonn of 
Friedreich’s ataxia is readily recognizable and can- 
not easily be confused with other conditions. It is 
to be axpected, however, that variations in the 
clinical manifestations may occur because of the 
variable paUiologic changes. One particularly wcll- 
knos\'n variant was described in 1926 by Le\-)’ and 
Roussy, m whicli the muscle wasting of the legs is 
severe and is combined with nrcflexia and a sen- 
sory ataxia. There have been reports of Friedreich’s 
ataxia in some members of a family and of the 
Levy-Rouss)’ sj-ndromc in others. In absence of 
a family history, and with atypical clinical findings, 
further diagnostic studies to exclude tumor, chronic 
basal meningitis, intoxication, or congenital mal- 
formation will be necessary. 

No treatment is known. Physical medidne and 
rehabilitation measures are of little value In cere- 
bellar ataxia. 


SYNDROME lllTH SLOW DEVELOP.MENT 
OF MUSCULAR WEAKNESS AND WASTING, 
WITHOUT SENSORY CHANGES 

Motor System Disease 

This general term is used to designate a progres- 
sive disorder of motor neurones in tl;e cerebral 
cortex, brain stem, and spinal cord, manifested 
clinically by muscular weakness, with muscle 
atrophy and spasticity with exaggeration of tendon 
reflexes in varjing combinations. It is a disease of 
middle life, generally appearing in the fifth or sixth 
decades. Customanly a subdivision is m.'ide on the 
basis of the particular grouping of symptoms and 
signs observed. Thus, the most frequent form, in 
which muscular atrophy and hyperrcllexia are com- 
bined, is called amyotrophic lateral sclerosis. 
Rather more rare are the cases in which weakness 
and atrophy alone exist without clinical evidence 
of corticospinal tract dysfunction; for these, the 
term progressive muscular atrophy is used. Where 
the disorder affects predominantly the musciilatuie 
innervated by the cranial nerves, it is usual to speak 
of progressiva bulbar palsy. Very rarely, the clinical 
state is dominated by spasticity and hyperreflexia 
without obvious muscular wasting; such cases are 
classed as primary lateral sclerosis. There is no 
reason to believe that these subgroupings are any- 
thing other than clinical variants of the same di- 
case process, which is another classic example of a 
system disease. Most cases are sporadic, but occa- 
sionally this disorder occurs in families in a man- 
net suggesting genetic transmission. 
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Pathology. There is widespread selective atrophy 
and loss of motor nerve cells at all levels of the 
central nervous system, including the Betz cells in 
the motor areas of the cerebral cortex. Some evi- 
dence of disease in the corticospinal motor system 
is usually found pathologically, even when physical 
si^s referable to such dianges vv’cre not observed 
during life. The atrophy of fibers in skeletal mus- 
cles is ^ically that due to loss of motor innerva- 
tion. 

Clinical Aspects. The disease begins insidiously 
and may be well advanced before the patient is 
au’arc of it. Although often asymmetric initially, 
the weakness and muscular vv'asting gradually be- 
come symmetric and widespread. Classically, the 
disorder becomes first evident in the small muscles 
of the hands, but it may begin in one or both legs, 
or in muscles supplied by cranial nerves. Vague 
feelings of discomfort tn the muscles, tightness, 
numbness (without objective sensory changes), 
and recurrent cramps may be early symptoms. The 
progressive atrophy of the musculature is accom- 
panied by widespread visible fascicular twftchings 
of groups of muscle fibers, a classic feature that 
can be related to degeneration of the motor nerve 
cells supplying the involved muscles. Despite ex- 
tensive Involvement of skeletal muscles generally, 
sphincter control remains int.ict Sooner or later 
the disease affects muscles supplied by the brain 
stem, resulting in weakness, atrophy, and fascicu- 
lations in the tongue and facial musculature associ- 
ated with dysartlrrra and impairment of chevi’ing or 
swallowing. The functions of the ocular muscles, 
oddly enough, are Invariably spared In most cases, 
the vv'eakness and muscular wasting are accom- 
panied by exaggeration of tendon reflexes, exten- 
sor plantar reflexes and spasticity, to a degree de- 
pendent upon die seventy of degeneration in the 
corticospinal (pyramidal) motor s)'Stem. Affection 
of corticobulbar fibers results in manifestations of 
pseudobulbar palsy such as involuntary weeping 
or laughter, exaggerated reflex movements of the 
facial muscles of expression, and sucking reflexes. 
Progression is unhalting and relatively rapid, lead- 
ing to extensive paralysis, with death from respira- 
tory weakness or aspiration pneumonia, generally 
within about 2 to 5 years or more from onset. 
Intelligence and awareness are typically preserved 
to the end. 

Differential Diagnosis. Spinal cord compression 
from tumors in the cervical region or from cervical 
spondylosis with osteophytes projecting into the 
vertelral canal can at times give rise to weakness, 
\msting, and fosciculations in the upper limbs and 
spasticity in the legs, thus closely resembling amyo- 
trophic lateral sclerosis. The absence of crani.il 
nerve involvement may be helpful in differenti- 
ation. alUiough some compressive lesions at the 
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foramen magnum may implicate the twelfth cranial 
(hj'poglossal) nerve, with resulting affection of 
the tongue. Absence of pain or of sensory changes, 
normal function of bowels and blatltler, nonml 
roentgcnographic studies of tlic spine, and absence 
of changes in the composition or d)7iaroics of the 
cerebrospinal fluid arc all points in favor of motor 
S)-stcm disease and against spinal cord compression. 
\Vhcte doubt ewsts, contrast myelography should 
be performed and tbe cervical region should he 
Msu.ilircd. 

Clironic inflammatory disorders of tbe meninges 
and sjiinal cord, exemplified by syphilitic meningo- 
mschtis or some eases of adhesive arachnoidibs, 
may have to be considered These conditions can 
teajdily be recognized by cerebrospinal fluid 
changes and, if necessary, by abnormal myeto* 
graphic findings. Nutritional myelopathy can be 
excluded by history and on other clinical grounds. 

Although fasdculations are a prominent feature 
of motor system disease, they arc not. in the ab- 
sence of weakness, muscle atrophy, or loss of 
tendon reflexes, valid signs of it, for the) may 
occur in a variety of metabolic or toxic disorders 
(eg., th)Totoxicosis, salt depletion) as ucll as in 
otlicnvise healthy Individuals. Careful clinical eval- 
uation suffices in such instances to exclude senous 
neurologic disease. 

Progressive weakness from intrinsic disease of 
muscle (myopathy, poljTn)ositis) may occasionally 
be difficult to distinguish from progressive muscu- 
lar atrophy of the tj^re under discussion, yet tlie 
differcntution is important from the standpoint of 
prognosis or tre.itmcot. Under such circumstances, 
the diagnosis can be made by muscle biopsy and 
electromyography. 

Tlicre is no known treatment for any form of 
motor system disease. 

Infantile Muscular Alro;»/iy (^VcK/ni" anil 
Hoffmann), Amyotonia Conticnila (Oppenheim) 

Tlic form of progressive muscular atrophy de- 
scribed by Werdnig and Hoffmann is a disease of 
infants and young children, tyjiically afflicting sev- 
eral members of a family. Pathologically, it closely 
resembles the adult disease dcscnbctl above. Amy- 
otonia congenita is a purely clinical term, used to 
designate abnormal laxncss of somatic musculature 
ol«mod at birth or in early infancy, it nwy occur 
in a number of different p.ilhologic procrsses, in- 
cluding Werdtiig-IIoffmaiin disease. For further 
details of these eondiliunx. Cliap 2S3 slwnild be 
cunsulted. 

llcrcililary Spastic Paraplcaia 

Tliis very rare disorder is cliaracteriml by weak- 
ness and spasticity of the legs, with early onset 
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(childhood or adolescence) and slow progression 
Later the arms may he affected, but usually ttj a 
lcs«T degree. Tlie pathologic changes closely re- 
semble those of Friedreich's ataxia, and there 
mason now to believe that tliis condition is in fact 
an incomplete form of Friedreich’s dise.ise in which 
spastic weakness overshadows minimal or absent 
ataxia and sensoiy changes. The diagnosis is made 
by the family histoiy and by excluding other possi- 
ble causes of bilateral spastic weakness of the 
limbs. Tlie rehitionship to Friedreich’s ataxia js 
further confirmed by the occurrence of pcs cavus 
and optic atrophy in some cases. One group uf 
patients also has progressive dementia. 


SYNDROME CONfBlNING Y’l'EAKNESS AND 
WASTING MITII SENSORY CHANCES 

Progressicc Neural Muscular Atrophy 

Hie degenerative disorders characterized by pio- 
gressive wcak-ness and wasting of skclct.il muscles 
combined witli sensory changes arc chronic dis- 
eases of peripheral nerves, often occurring as he- 
reditary conditions. Althougli tlinic.'i! and patho- 
logic subvarieties evist. there )s no sli.irp dividing 
line between them and they arc best considered 
together under tlie designation given above, {n 
which the term “neural” cmpluaslzcs the periphci'nl 
nerve offccfion As already pointed out above, 
chronic peripheral neuropatliy is an associated clis- 
order in some of the hereditary ataxias and is 
regularly encountered in the classic form of Frictl- 
rcidi’s ataxia, An additional connecting link with 
other genetically determined nen’ous diseases is the 
ocCTirrencc of progressive optic atrophy or pigmen- 
tary degeneration of the retina in some eases Coni- 
mon to all is for the peripheral neuropathy to begin 
dislaUy and to progress in a centripetal fashion and 
for the feet and legs to become first affected, with 
mvolvcment of tlic hands and more proxim.i! parts 
only after a considerable interval. 

The variety most usually seen is that generally 
called fVToncal mtisctilar atrophy {Charcol-Mario. 
Tooth disease), a name which draws attention to 
the changes in the lower legs, although the dis- 
order affects far more than the peroneal muscle 
groups or nerves. This condition was first clearlj 
differentiated from other forms of muscubr atrophv 
by Charcot and Marie in France, and indepcncl- 
cntly by 11. H. Tooth in England, in ISSfl. In i^fc 
cases wbitli are otherwise similar, there is a riv. 
markable palpable Uiickenfng of peripheral nerve 
trunks. Such eaves are generally designated as hy. 
poitfo/i/iic ffi/crsrir/<j/ neuropathy (of Dffetinr amf 
Sottas, the French neurologists who. in 1803. first 
desenbed the condition clinicully and palhologl- 
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callv). In n fvw cases, tlicre are pronounced 
tropliic and vasomotor abnormnliti'es of the nflfected 
parts, chiefly the feet, which may lead to cJironic 
poorly healing perforating ulcers on Uie ball of the 
fool among odicr abnormalities (/tmiilial netirth 
I'flsculor (hjslTophj, \\'ad«lla, 1949, Kriickc, 1955j 
hcTcditsry sensory nctirojiathy, Denny-Brown, 
1931). Probably related is the unusual condition 
described by ncfsiim (1916) an«l ealJed by him 
hcrcdopatlila atadica pn/yneiirl/i/ormis, in which 
peripheral neuropathy nnti ataxia are associated 
with progressive nerve deafness, retinitis pigmen- 
tosa, and a high ccrcbrospiJia) fluid protein, and 
possibly familial amyloid pol^mcuropathy. 

Pathology. Tlic lesions arc Ij'pical of a clironic 
multiple peripheral neuropathy with secondary 
atrophic changes in muscles. Tlie elcgcncrative 
process in the ncr\c Chers is associated with abor- 
tive regenerath'c phcnomeria and svith proliferation 
of connecli>c tissue and Schwatm c-clls which. In 
the h) 7 )crtrophIc vxiricty, may reach c.Ttreme de- 
grees. In the centra! nervous system, there arc 
\*ar)‘{»g degrees of overlap willr the lesions found 
fn Uie various forms of hereditary ataxia already 
discussed. 

Clfnlc.nl Aspects. The disorder usually begins in 
childhood and progresses very slowly. In tlic classic 
cases of peroneal muscular atrophy, the combio.v 
tiwi of pcs cavus with extreme atrophy of the 
anterior tibia! and calf mrrscics ("stork legs") and 
swisiing of the lower thigh musculature (giving an 
appearance like an "invcrtctl champagne bottle") 
presenb a striking picture. Tlierc is totnl absence 
of deep reflexes, and sensation fs altered as dc- 
senbed above under Friedreich's ata.sia. Tlie possi- 
bility of combinations >\ith other hereditary neuro- 
logic sj-ndrorrres has already been pointed out. 
Although death in a state of extreme dcbilit)* in 
early adult life is common, progression in some 
cases may be extremely slow and may lead to very 
little disability. 

Differential Diagnosis. It may be necessary' to 
consider various other forms of chronic polyneurop- 
athy (toxic, metabolic. luitritional), described in 
Chap. 29. llouercr, the familial incidence, early 
onset, very slow progression, and absence (usually) 
of significant cercbro'fpinal fluid changes, except for 
increased protein in some patients, arc generally 
suiTicieot for the accurate recognition of the heredi- 
tary neuropathies under discussion. In occasional 
sporadic or atypical eases, biopsy of muscle and of 
a small cutaneous nerve twig (most conveniently 
the sural cutaneous nerv'c) u'dl be necessary. 

Treatment. Although no specific treatment Is 
available, patients whose disease is of slow progres- 
sion and in whom conditions arc otherwise favor- 
able may lie greatly helped by measures to ensure 
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a stable walking surface, such as corrective shoos, 
braces to prevent foot drop, and even orthopedic 
procedures to stabilize the joints. 

SVNDBOME CIirEFLY MANIFESTED 
BY PROGRESSIVE VISUAL LOSS 

As already stated in previous sections, progressive 
Impairment or Joss of vision, due to degenerative 
changes in Uie visual system (retinas and optic 
nerves), may he an accompaniment of morbid 
processes afFccling tlic nervous sj'stcm diSuscly — 
in particular, the nervous system lipidoses .and 
the Iicrcditary ataxias. Occasionally, however, tlic 
peripheral visual system is the major, or only, site 
of disease. In such eases, tlie disorders arc strongl)' 
hereditary. For detailed discussion of these condi- 
tions. standard reference works on oplithalmologj' 
should be consulted. Nevertheless, two entities, be- 
cause of their close relationship with other degen- 
erative diseases of the nervous system, warrant 
some discussion licrc. 

Itcredifary Optic Afrophtj (tcher) 

This rare condition Is characterized by the rela- 
tively rapid development of bilateral blindness with 
optic atrophy, coming on in early adult life. It was 
first thoroughly described by Leber in 1871. Typi- 
cally, it occurs 08 a scx-liokcd xccessive trait, chiefly 
affecting menj but it likewise may be seen in 
women. 

Pathology, In the only recorded case with au- 
topsy, the clunges occurred primarily In the gan- 
glion cells of the retina, with secondary degenera- 
tion In optic nerve fibers. Because of tho limited 
examination in this case, it is not known whether 
there were lesions in other parts of tho nervous 
system. 

Clinical Aspects. Tlic condition often begins 
asjTnmclrically, with blurring of vision in one eye 
followed in days or weeks by similar affection of 
the oilier eye. Vision then deteriorates rapidly cfver 
ensuing weeks or months, generally with eventual 
total blindness as a result, although arrest before 
tills stage has been seen, or er-en a little improve- 
ment after initial steady progression. In the early 
Stages, examination of the visual fields show's large 
central scotomas. The optic disks may be normal 
at first, or may bo swollen (optic neuritis)} later, 
the appearance is typically that of optic atrophy, 
with p^c, dearly outlined disks. 

DifTcrential Diagnosis. Multiple sclerosis may at 
limes act in a manner identical to that just de- 
scribed. but without a definile hereditary back- 
ground and with a much better outlook for im- 
provement of v'ision. Toxic nr nutritional amblyopia 
can generally he cxdudcd by history and associated 
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clinical findings In some cases it may be necessary 
to eliminate Uic possibility of a tumor compressing 
ibc cliinsmal region and optic ncn'cs, aldicnigb 
some evidence of bitemporal defects would be 
then C-Tpccted, rather than bilateral central scoto- 
mas alone. In addition to careful roentgenograms 
of tlio skull and cerebrospinal fluid examination, 
pncumoenccph.ilographic visualiEation of the chias- 
mal region may be indicated in cases of senous 
doubt. 

rigmentory Degeneration o/ the Retina 
(Retinitis rigmentosa} 

Tills may at times occur as a relatively inde- 
pendent disorder, although it is often assocLated 
with other abnormalities, of which cataracts, deaf- 
ness, and mental deficiency arc outstanding It Is 
strongly hcrcditar)’, chiefly as a rctx*ssl\e trait, al- 
though dominant inheritance has been seen. Pig- 
mentary’ degeneration of the retina is one of Uic 
features of the Laurcncc-Moon-Biedl syndrome 
(Chap 29). Special varieties of the condition also 
accompany some cases of neuronal hpidosts or 
hereditary ataxia, as already noted. 

Pathology, The principal lesion is a degeneration 
of the ro<l$ and cones, associated with displacement 
of melanin-containing cells from the pigment epi- 
thelium Into more superficial parts of the retina 
Other retinal structures arc relatively intact 

Clinical Aspects. The disorder typically begins m 
cliildliood, first as night blindness Tlie visual firlds 
liceome concentrically narrowed from the periph- 
ery to the center, until eventually (by adoles- 
cence, OT perhaps not until middle age) very little 
useful vision remains. Ophthalmoscopic examina- 
tion m.ny be normal at first, but generaUy discloses 
irregular patches of dark pigment in the periphery 
of the retina, ^\^len cataracts arc hkewTse present, 
as sometimes is the ease, visual acuity may be sig- 
nificantly improved hv' their removal The frequent 
associ.vtion of the retinal lesions with oUicr ab- 
normalities has been mentioned in previous para* 
gtapla 

Diilercnlial Diagnosis. Chorion linitis from other 
causes (e.g., syphilis) may present a similar 
ophthalmascopic appearance and should be cx- 
cJtitled. The iuTcdit.ity’ b.ickground and the pro- 
gressive course, wilIi night blindness and periph- 
eral constriction of the visii.il fields, may lead to 
the diagnosis even in the rare cases where pigmen- 
tan dqiouts in the retina are absent In most In- 
&tanc«, the opinion of a qualified ophthalmologist 
must be obtained. 
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THE NERVOUS SYSTEM 

OQ1 DISEASES OF THE 

PERIPHERAL NERVES 
VjMccnf Verio ohJ 
Hoj/HJonil D. Adams 

Diseases of tlie periphera] nervous syslcm con- 
stitute a unique field of neurology. ELtcepl for wta- 
min deficiency states, diffuse a ascular dise.i$cs, 
and cerebrospinal meningeal diseases Ibcre is usu- 
ally no overlap bctucen pathologic states which 
in\olve the peripheral nerves and spinal cord or 
brain. In other words (he causes and pathogenetic 
mechanisms of peripheral ncr.-c diseases, which arc 
not at all infrequent, arc different from those 
which involve the brain and spinal cord, and their 
clinical manifestations arc also different. 

Definition. According to common clinical usage, 
multiple sj-mmctric involvement of peripheral 
nerves resulting in varj'ing degrees of muscular 
weakness and sensor)* impairment is termed poly- 
neuritis. Monorreuritis indicates involvement of 
single nerves. NciirUls implies inflammatory disease 
of nerves, but inflammatory reactions in the neuri- 
tides BTC uncommon compared with the incidence 
of toxic, metabolic, or ischemic processes. TIic 
terms ncuropathj, polyneuropathy, and rnonone«- 
TOpathy arc considered preferable in describing 
noninflammatory conditions. 

General Considerations. Tlic peripheral nervous 
system includes 12 pairs of cranial nerves originat- 
ing from the brain and 31 pairs of scgmcnlally ar- 
ranged spinal ner>‘es arising from the spinal cord. 
Tlje parts of the spina! nerves Nvithin the spinal 
canal and attached to the ventral and dorsal sur- 
faces of the cord arc called roofs. The dorsal roots 
contain afferent fibers, of which tlic cells of origin 
are in the dors.i] root ganglions, while ventral root 
fibers arise from anterior horn cells in the gray 
matter of the cord. The dorsal and ventral roots 
join to form the spinal ncn'cs just outside the in- 
tervertebral foramens. Each spinal nerve receives 
fibers from the sympathetic trunk of its owm side. 

The peripheral nerves are composed of myeli- 
nated and unmyclin.ntcd ncrv'c fibers bound to- 
gether by endoneural connective tissue. Each fiber 
bundle is surrounded by a connective tissue sheath, 
or perineurium, and groups of bundles arc envel- 
oped by epincurium, forming nerve trunks. The 
nerve fibers, or axorves, vary in size and in the num- 
ber of myelinated fibers. The myelinated fibers are 
surrounded by a sheath of myelirt, and this in turn 
K invested by a thin, membranous neurdemma 
sheath. Tlic myelin sheaths are interrupted by 
nodes of Ranv'ier, and each segment of mj-eJin 
contains a single Schwann cell. Motor fibers are 
pnerally large and myelinated, while sensory 
oranches are composed mainly of smaller mj’cli- 
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nated and unmyelinated fibers. Each nerve has its 
OW’D vascular, lymphatic, and nerve supply. Affec- 
tion of stn^c or multiple nerves or roots results m 
varying degrees of sensory loss, motor weakness, 
and autonomic disturbance, depending on the se- 
verity of the lesion and the type of fibers involved. 

Pathologically the different diseases of the pe- 
ripheral nerves liav’e certain points in common. 
Degeneration of meduUated nerv’e fibers is found in 
all, though it varies in degree and site of the pri- 
mary damage. The myelin shcatlis are most suscep- 
tible. Uic sheath disintegrates and forms ovoid 
masses or balls and often fine droplets. Tliese excite 
a reaction in the histiocytes, which are converted 
Into fatty macrophages as they phagocytize par- 
ticles of myelin. This myelin change may be limited 
to a few segments of the myelinated fiber, a condi- 
tion sometimes referred to as the periaxial degeu- 
crallan of ComhattU; or the entire nerve distal to 
the point of damage may be affected (so-called 
Wollerian degcrrcratlon). The axis cylinders swell 
and undergo fragmentation in the latter instance 
But as a rule, axis cylinder damage is less pro- 
nounced than that of (he myehn sheath 

The location of the primary damage varies In 
.acute idiopathic and diphtheritic polyneuritis, the 
dorsal and ventral roots, spinal ganglions, and 
spinal nerves bc.ir the brunt of the damage; and 
the more peripheral parts of the nerve arc affected 
only very slightly, if at oil In diabetic polyneurop- 
athy, ganglions, root, and proximal nerves are 
Involved; and this may extend secondarily to the 
spinal cord. In alcoholic and arsenical polyneurop- 
athy and many eases of porphyria, the changes arc 
mostly in the peripheral segments of the nerves. 
Very commonly the axis cylinders ore affected 
rclativ'cly little in comparison vv’ith the myelm 
sheaths. The degeneration of dorsal root ganglion 
cells occurs in only a few’ types of polyneuritis, such 
as diabetic, idiopathic, and diphtheritic polyneun- 
lis. UTien tlic ganglion cell is destroyed, there is 
invariably a degeneration of the a.xis cylinder and 
myelin sheath in the peripheral nerve, dorsal root, 
and posterior column of die spinal cord. Whenever 
the motor nerve fibers degenerate, the anterior 
bom cells within the spinal cord swell and undergo 
chromatolysis (axonal reaction). 

The various types of polyneuritis are distin- 
guished, then, by the character and extent of the 
nerve fiber changes. However, certain other patho- 
logic changes also serve to differentiate them. In 
idiopathic polyneuritis there is an infiltration of 
inflammatory cells, i.e., lymphocytes, plasma cells, 
and mononuclears in the roots, spinal ganglions, 
and nerves. In polyartwitis nodosa not only is the 
nerve degeneration distributed in foci according 
to the location of vascular occlusion, but there is 
a unique necrotiVing panarteritis. Amyloid ncuntis 
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IS identified by llie deposits of malcri.il staining like 
amyloid in the intrancural blood vessels and con- 
nective tissue. 

The pathogenesis of diseases of the peripheral 
nerxous sj’stem is Largely unexplored Jn some dis- 
eases the primary disorder appc.ars to bo a direct 
affection of Schwann cells and the mjeUn sbcatli 
segments which they control (diidithcria toxin) 
In others the sensory and motor nerxis cells arc 
inxohed, and changes in the raj elm sheath may be 
secondary (beriberi?). Inflammatory or other alter- 
ations in the connecti\c tissues of the nerves may 
be the mechanism of another Ivpe of peripheral 
neuropathy (lupus eiy thematosus?) Ischemia re- 
sulting from occlusion of llie nutrient arteries, e.g . 
polyarteritis nodosa, is still another mode of neixe 
fiber damage Stretch, laceration, compression, and 
other mechanical factors are operative in injuries 
tif peripheral nerx’es 

There is often a remark.ible discrepancx- 1)e- 
tween the degree of functional impairment before 
death and the degree of nerve fiber degeneration at 
autopsy, particularly in the acute eases With com- 
plete paralysis there may be degeneration of onlv 
n few fibers, or nearly every one may be involvet! 
This fact undoubtedly explains differences m the 
recover)’ rate from acute pol}meuropalhy 

CLASSIFICATION 

Table S9t-l. rarNaPAL cacses op 

rEBirilEBAL NETROPVTBT 

I. Poljmcuropathy (generalised neuropathy) 

A Foi<ons 

1. Metals: arsenic, lead, mercury, antimony, bis- 
muth, copper, phosphorus, thallium 
2 Oreanic substances: carbon monoxide, c.arbon 
disulfide, tnehlorocthylenc, methyl akolioi, 
trioillMKTeaylphosphatc, imnuitie senims, ben- 
zene and denvatives 

U. Deficiency states and metabolic disorders: chronic 
alcoholism, benberi, pellagra, comhioed system 
diwase, pregnancy, chronic gaslrointestiual di'i- 
ease, carcinoma of lung, diabetes mellitu*, por- 
phyria, amyloid disease 

C Nonspecific inflammatory states and infcetiona 

1 Acute idiopaUtic polyneuritis (acute febnic 
polyneuritis of Osier, Landry-C!uinain-D.irrc 
syndrome) 

2 Polyneuropathy complicating acute or chrome 
infection: diphtheria, Doeck’s aarcoid, mfeo- 
lious mononucleosis 

3 Local infection of nerves: leprosy 

1). Vasculir disex-ic: iwly-vlcrifis oodos.’v, arterio- 
sclerosis 

E. Familial iwlyneuropathy: progressive hyper- 
trophic polyneuropathy, peroneal muscular 
atrophy 

^ Polyncurppnlhy of obscure origin: chrome j»o- 
grcssivc or recurrent polvneurojnlhy 


Table 501-1. rmvcir'L ctfSES or 
pEiiiPHEiUL ^E^,’KOPAT^T {Continued) 

n Mononeuropatiiy (localized neuropathy) 

A Infections: diphtheria, leprosy, herpes zoster, 
&ircoid, local sepsis, Bornholm disease (epidemic 
plciircxlynia and cox.aekie virus infection) 

B Trauma; miludmg slietching, laceration, and 
contusion, external pressure, compression by tu- 
mor, liernialefl di^lc, or cervical nb, injection of 
medicnlion into nerve 

C. Tumors- neiirofibromn, ncurofibrasareoma, von 
Recklmg)inu*cn's neurofibromalosis 

D Idiopathic: Bell’s palsy, brachial and sciatic 
neuritis 

E Scrum neuritis 

F Vascular iliscaso: polyarteritia nodosa, diabetes 
tnelSitus 

GENERAL SYMFTOMS AND SIGNS 
OF POLITJEUnOPATIIY 

Multiple peripheral nerve involvement Is ch.ir- 
actenzed by varying degrees of symmetric or asjm- 
metric sensory impairment and motor weakness, as 
0 rule most pronounced over the distal portions of 
the extremities. 

Numbness and tingling of the bands and feet 
•are frequent subjective symptoms. Tliey are vari- 
ously described ns prickling, formication, and 
“sleepy feeling”; in medical termlnologj’ they are 
called paresthesias. They nearly always Indicate 
Imobcment of fiben which convey the senses of 
touch, vibration, and position; and impairment of 
these sensory modalities is usually found. The skin 
may be exquisitely tender to touch, pressure, and 
pricking or pinching, which produce a disagree- 
able sensation (dysesthesia) that may last for some 
time after the removal of the stimulus Marked 
tenderness to palpation over nerve trunks or mus- 
cles is common. There may be liyperpnthia, or ex- 
cessiv-e reaction vvitlv raised threshold to painful 
stimulation and persistence of severe discomfort 
after removal of the stimulus. Some degice of ob- 
jective sensory impairment in the extremities is 
usually present. Perception of light touch and pain 
IS cliaracteristicaUy impaired in a distal distnbn- 
Hon. sometimes referred to as glove-ancl-stocking. 
but is unlike hysterical sensoiy loss in that llicre is 
a gradual change to normal sensation proximallj. 
Position and vibratory sensation are diminished in 
the toes and fingers to varying degrees, and these 
changes underlie the sensory ataxi.i and stereo- 
anesthesia commonly observed witli involvement 
of tiicsc modalities. Impaimvent of tempecahne 
sensation frequently occurs, and heat or cold m.iy 
produce altered, disagreeable sensations, i.e., bum- 
mg. p.iinfu1 coldness (thermal dysesthesias) (see 
Chap. 28, Disorders of Sensation). 

Muscular w-eakness vanes from slight involve- 
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mont of diital imisclc groups to complete, sym- 
metric pnroUsis of all muscles in the c>:lremilic*s 
and face. In milder forms of weaVness, foot and 
wist drop arc common. Muscle groups mvolvcrl 
become flabby and undergo atrophy fairly rapidly. 
Of the muscles innervated by craiiial ners’cs. bi- 
lateral facial involvement is most frequent, fol- 
lowed by paralysis of bulbar muscles, i.e., tongue, 
pharynx, larynx. Paralysis of the external ocular 
muscles may occur in exceptional cases. 

The tendon reflexes arc occasionally retained it» 
the early stages of poij'ncuropathy; but by tlic 
time sensoiy and motor paralysis has developed, 
they arc nearly always lost. Reflex loss may be 
restricted to the legs — absent knee and ankle jerks 
—or there may be generalized arcfle.xia. Cutaneous 
reflexes, i.e., abdominal and plantar, are not af- 
fected. 

In certain cases vasomotor changes in tlie skin 
occur- These include excessi\'e sweating, mottling, 
cj'anosis, and edema. Vasomotor paralysis resulting 
in hot, dry skin is less frequently obseracd. In 
chronic forms of polyneuropathy postural ssmeope 
may occur as a consequence of this vasomotor 
paralysis. 

CLINICAL VARIETIES 
OF POLYNEUROPATHY 

Acute TohjneurUis 

Acute Idiopathic Polj-neuritis. Acute idiopathic 
polyneuritis (infectious polyneuritis, Landry's pa- 
ralysis, Guillain-Barri* syndrome, acute polyneuritis 
with facial diplegia, polyradiculoneuritis) is con- 
fined to the peripheral nervous system and is usu- 
ally characterized by symmetric, ascending motor 
weakness, areflexia, distal sensory impairment, and 
albuminocytologic dissociation of the spinal fluid. 
The various designations given above are felt to 
be diSerenl names for the same condition, first 
described by Landry in 1859. Although the clinical 
picture may vary considerably, the pathologic 
changes are relatively constant. When death oc- 
curs, a week or more foUowng llie onset of ^rmp- 
toms, there is marked degeneration of spinal 
nerves, roots, and ganglions, with infiltration of in- 
fiammatoiy cells. Tliere is usually no evidence that 
the process extends to the central nervous system, 
in view of the acute'nalure of the disease and the 
inflammatory character of the lesions, an infcch’ous 
etiology has been assumed, but no evidence of 
virus or other infectious agent has been demon- 
strated. 

The condition often begins within a week or 
two following an acute febrile illness, most com- 
monly an upper respiratory infection. In some 
cases, however, there is no history of prior illness. 


Initial symptoms usually develop rapidly; sym- 
metric weakness of the lower extremities is accom- 
p.inicd by paresthesias in the fingers and toes. Over 
a period of several days to a u’eek, weakness may 
progress to involve the trunk, upper extremities, 
face, and bulbar muscles. In the extremities both 
the distal and the proximal muscle groups are in- 
volved. However, the degree of weakness is vari- 
able, at times reaching almost total voluntary pa- 
ralysis, Although the lower extremities tend to be 
involved first, followed by upward spread of pa- 
raly'sis, occasionally the arms or the muscles sup- 
plied by cranial nerves may be affected initially. 
There is usually some impairment of position and 
vibratory sensation in the toes and fingers, witli 
relative sparing of other sensory modalities. Pain 
is usually not a prominent symptom; but in some 
cases it may be conspicuous, and there may be 
tenderness of muscles and nerve trunks The mus- 
cles become flaccid, and the tender) reflexes dis- 
appear as weakness increases. Sphincter impair- 
ment is uncommon, but transitory urinary retention 
may occur. The motor weakness reaches a peal; and 
remains unchanged for daj’s or weeks If the pa- 
tient survives the initial acute phase, the prognosis 
for recovery is good; and improvement, once 
started, usually progresses rapidly, although occa- 
sionally convalescence may be prolonged Dunng 
the acute phase, mortalit)' due to respiratory and 
wsomotor paralysis is as high as 30 per cent. A 
characteristic finding in the spinal fluid is an ele- 
vated protein with a normal cell count (albumfno- 
cytologic dissociation). This spinal fluid formula 
appears in most cases, but occasionally the protein 
is not elevated, and rarely there is a significant 
number of lymphocytes in the spinal fluid A 
moderate polymorphonuclear leukocytosis may be 
found in the peripheral blood. 

Variants of this syndrome, separable by their de- 
scending march or slower course or asymmetry, 
ore also known and usually have a good prognosis 
with complete recovery after 6 to 12 months. Other 
special types are those associated with infections 
mononucleosis (often with cerebrospinal fluid pleo- 
cytosis) and infectious hepatitis. 

The treatment is symptomatic, with the use of 
the respirator in the acute phase, if respiratory 
paralysis occurs. Adrenal steroids have been used 
in a few cases with encouraging results but have 
bad no effect in others. A trial of these hormones 
is indicated in critically ill patients in a dosage of 
300 mg per day for 2 days and 150 mg daily 
thereafter for at least 2 to 3 weeks (Melicorten, 25 
to 40 mg per day). 

Diphtheritic Polyneuritis. In the course of diph- 
theria various localized neuritic manifestations oc- 
cur early in the dise-ase and may be followed by 
the later de\'elopment of generalized polyneuritis 
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wnth degenerative changes in U'c spinal ganglions, 
roots, and peripheral nerves. These complications 
occur more frequently in children than in adults 
Palatal paralysis occurs during the second or third 
week and occasionally earlier. It is cliaracterized 
by nasal speech and regurgitation ol Quids through 
the nose. Paralysis of accommodaUon with inability 
to focus on near objects may occur at the same 
tune. During the fifth to seventh weeks of the 
illness, generalized sensorimotor pol^meuntis de- 
velops, but it may be delayed up to 2 or 3 months 
from the onset of diphtheria. It may occur without 
evidence of a preceding pharyngitis or localized 
neuritis. Tlie progression and course of diphtheritic 
pol)Tieuritis are similar in many respects to those 
of idiopathic poljTieurilis, and clinically it may be 
difficult to distinguish between the two conditions. 
Tlie generalized sjTnptoms and signs progress for 
a week or two, tlicn become slalionaty. and gradu- 
ally subside The lower limbs tend to be more in- 
volved than the upper, and distal muscle weakness 
is more pronounced than proiumal Paresthesias in 
the fingers and toes are prominent, and sensory 
impairment conforms to a distal distribution Posi- 
tion sense is often greatly impaired Tlic tendon 
reflexes disappear. The spinal fluid protein is usu- 
ally elevated and always witliout increase in cells. 
Improvement usually begins within a few weeks 
but may bo delayed for months Prognosis for com- 
plete recovery is usually good. Fatalities have usu- 
ally been due to myocarditis or respiratory paraly- 
sis Treatment Is symptomatic. Administration of 
antitoxin is of no value once paralysis has devel- 
oped Antitoxin given within several days of the 
onset of diphtheria usually prevents the develop- 
ment of poIvTieuritis. 

Pink Dise.ase (Erythredema Pol)-ncuropathy). 
This syndrome of obscure etiology occurs in young 
children and is characterized by clironic polyneu- 
ropathy with gcnernhzcd weakness, inusaiiar l»}-po- 
tonia, areflexia, and distal sensory impairment. 
Typical associated findings are swelling and ery- 
thema of the face, hands, trunk, and feet, irrita- 
bility, insomnia, anorexia, alopeaa. and trophic 
changes of the sldn. Fever is usually absent The 
peripheral nerves show degenerative changes Im- 
provement occurs slowly over a period of monilu. 
Treatment is symptomatic, with vitamin supple- 
ments on the assumption that the condition may 
represent a deficiency disease. A similar cliniral 
picture has been produced by mercury intoxicaUon 
m children. In some of these cases, rapid improve- 
ment resulted following administration of BAL, 

Leprous Polyneuritis. In leprosy there is marked, 
irregular thickening of peripheral nerves owing to 
formation of leprous nodules, j c., aggregations of 
inflammatory cells and Hansen bacilli surrounded 
_^by a connective tissue capsule. Secondary dcgenCTa- 
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tion of myelin and axones occurs. ^fuItip!e pc- 
npherai nerves are involved, producing symmetric 
distal weakness and sensory impairment. Leprous 
nodules in the skiii of the face are common, and 
in many cases there is facial anesthesia. Trophic 
changes with necrosis of phalanges arc observed in 
some patients. Tlie greatly thickened, nodulir 
nerves are frequently palpable. The diagnosis can 
be proved by demonstrating bacilli in nasal scrap, 
mgs or by biopsy of a leprous nodule. 

Dcficieney and Metabolic Dhorders 

Alcoholic PolvTicuropathy. This is described in 
Chap. 288, Nutritional Disorders of the Nervous 
System. Ollier conditions caused by thiamine de- 
ficiency are beriberi, polyneuropathy of pregnancy, 
and chrome deficiency syndromes due to gastroin- 
testinal disease. The symptoms of polyneuropathy 
in these conditions arc similar to tliose encountered 
in the alcoholic variety. 

Polymcviropathy due to degeneration of peripheral 
nerves occurs also in pclhigra and is said to occur 
in combined system disease. The latter responds 
to administration of liver extract or vitamin Djj 

Recently cases of sensory and sensorimotor poly- 
neuropathy have been discov'crcd in sssoeiatlon 
with bronchogenic carcinoma and multiple mye- 
loma The mechanism of the neuropathy In these 
conditions is obscure. 

Diabetic Polymeuropalhy. About 50 per cent of 
older diabetic patients have a mild and relatively 
asymptomatic neuropathy with absent ankle jerks 
and unpaired vibratory* sensation In the toes as tlie 
only signs SyTnptomalic neuropathy, on the other 
liand, occurs in about 4 per cent of tiiabctic patients 
•and is more frequent among patients with poorly 
controlled diabetes, le, prolonged hypergly'cemia 
and weight loss. Tliere are burning, tearing, w 
lancinating pains in the calves and paresthesias 
in the feet The pains occur frequently during the 
night Motor weakness is not prominent in some 
cases but dominates the clinical picture in others 
(diabetic amyotrophy). Sensory impairment iti- 
volv es mainly pain with only slight loss of touch and 
pressure sensation. Occasionally, vibratory and posi- 
tion senses alone may be impaired (diabetic tabes). 
Tlic arms are infrequently involved. Tlie reflexes in 
the legs are sluggish or absent. Tlic spinal fluid pro- 
tein is frequently elevated, without increase in the 
cell count There is, rarely, a generalized pcljmcn- 
ropathy involving all extremities and producing 
symmetric atrophy, weak-ness, and sensory impair- 
ment A mononeuropathic form of diabetic neuro- 
pathy may occur, in which single nerve trunks are 
involved, c.g., sciatic or femoral, with s)’mptoms 
referable to the distribution of the involved nerve 
Involvement of autonomic nerves occurs occasion- 
ally, resulting in the loss of sweatmg, impaired 
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vasomotor control, dependent edema, gastrointes- 
tinal disturbance, and sphincter impairment. Cranial 
ncrx’e lesions may occur, unilateral third or sixth 
nen'c palsy being most frequent; but this is nearly 
always an isolated phenomenon unrelated to pe- 
ripheral neuropathy. The pathogenesis is tInkno^vn. 
Vitamin deficiency or the vascular changes of Kim- 
melstiel'Wilson disease have been suggested as the 
basis of the pathologic changes but are unproved. 
The prognosis for improvement of diabetic ntmropa- 
thy is usually good. Treatment consists in rigid 
control of the diabetes with maintenance of rcla- 
ti\ ely normal levels of blood sugar. Vitamin supple- 
ments of the B group arc usiwlly added, ftegnant 
mammalian liver extract has been ineffective in the 
expcrietice of the authors. 

Porph>Tic Polyneuropathy. This subject has been 
presented in Chap. 91 on porphyria. It is a more 
or less symmetrical sensorimotor neuropathy which 
may begin in the legs and ascend or in the arms 
and trunk and descend. Tlie peripheral nerve dis- 
order may or may not be preceded by abdominal 
or thoracic pain, commlslons and a confusional or 
schizophrenic-like psychosis. The polyneuropathy 
may be severe and rapidly fatal or may lead to a 
prolonged atrophic paralysis from which there is 
slow recovery over I to 2 years. The cerebrospinal 
fluid is usually normal. Porphyria excretion does 
not coincide in all patients with the clinical course. 
Recently promising results have been claimed for 
BAL, used as in Wilson’s disease (Chap. 93). 

Am}Ioid PoI)Tieuropatliy. Primary amyloidosis Is 
a rare condition in which amyloid is deposited in 
blood vessels, connective tissue, and (rarely) in 
nerves. A clinical picture of slowly progressive 
sensorimotor polyneuropathy Is protluccd which 
may resemble beriberi or hypertrophic polyneuropa- 
thy. Electrocardiographic clianges and anemia are 
found in some patients. The diagnosis is established 
by finding amyloid in a biopsy of skin and muscle. 
Many of these cases have a plasmocytoma or multi- 
ple myeloma. The clinical picture must be distin- 
guished from that of a toxic polyneuropathy due 
to stdbamidine treatment or a compression mye- 
lopathy (myelomalous paraplegia). 

Vascular Disease 

Polyneuropathy Associated with Periarteritis 
Nodosa. Multiple ischemic in%oIvement of periph- 
eral nerves secondary to damage to nutrient arteries 
occurs frequently in periarteritis nodosa. Occasion- 
ally only single nerx'es may be involved, resulting 
in mononeuropathy uith sensory and motor symp- 
toms restricted to the distribution of the damag^ 
ner\e. Usually the nerves are involved diffusely 
and produce a clinical picture of subacute polyneu- 
ropathy with pain, muscular U’asting, areflexia, and 
peripheral sensory impairment. Although at times 


symmetric in distribution, its most distincti\'e fea- 
tures are its asymimetry and its intermittently pro- 
gressive course. The neurologic manifestations oc- 
cur in association wth the usual syndrome of fever, 
cachexia, hypertension, abdominal pain, focal vis- 
ceral sjTnptoms, and eosinophilia. See Chap. 297 
for treatment. 

Poisons 

Arsenical Polyneuropathy. Polyneuropathy result- 
ing from chronic arsenical poisoning is relatively 
infrequent. The inv’oKed nerves show nonspecific 
degenerative changes The sjTnptoms dev elop rather 
slowly and are of both sensory and motor tjpe, like 
those of alcoholic polyneuropathy. Pain and pares- 
thesias in the legs and feet are prominent. Weakness 
in the lower extremities is more pronounced than 
in the upper ones. Disturbance of the mental func- 
tions. convulsions, and coma due to arsenical en- 
cephalopathy may occur. The subacute course of 
the illness, in conjunction w-ith certain other find- 
ings, is of importance in diagnosis. These other 
findings include gastrointestinal irritation, brownish 
cutaneous pigmentation most marked about nor- 
mally pigmented areas, Ijj’perkeratosis of the palms 
and soles and white transverse bands in the nails 
(Mees hoes), anemia, and signs of liver disease 
The diagnosis is confirmed by demonstration of 
arsenic in the hair, nails, urine, or feces. Treatment 
consists of withdrawal from exposure and adminis- 
tration of BAL in doses of 3 mg per kg body 
wei^t every 4 to 6 hr for 3 days and then twice 
daily for 10 days. The prognosis is usually good 
but depends on the duration of symptoms pnor to 
treatment. Recovery of motor power may require 
months or a year or more 

Poisoning due to mercury, thallium, and anti- 
mony may also cause a polyneuropathy which may 
respond to the administration of BAL. 

Lead Neuropathy. Lead neuropathy occurs fol- 
lowing chronic exposure to lead, and its most char- 
acteristic feature is the predominantly motor affec- 
tion involving mainly the upper extremities. The 
radial nerves are most frequently involved, produc- 
ing wrist and finger drop with little or no sensory 
manifestations. Less commonly, weakness of proxi- 
mal shoulder-girdle muscle occurs, and in the lower 
extremities foot drop may appear. Ch'nic.iIIy the 
paralyzed muscles are those which are most used. 
Important associated findings are anemia, basophilic 
stippling of red blood ceUs, lead line along the 
gmgiv’al margins, colicky abdominal pain, and con- 
stipation. Neuropathy occurs usually in adults and 
is infrequent in children. In contrast, lead encepha- 
lopathy, manifested by increased intracranial pres- 
sure, convulsions, blindness, and coma, occurs more 
frequently in children The diagnosis of lead neu- 
ropathy is established by the histoiy of lead intoxi- 
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cation, the characteristic motor in\ol\cment. asso- 
ciated findings, and increased urinary excretion oi 
lead. Treatment consists of sMthdra'eal from expo- 
sure to lead and measures to eliminate lead from 
the blood stream (see Chap. 102). Tlie prognosis for 
^eco^•cIy of motor power is good, although in 
cJironic cases recoxery may be slow. 

Triorthocrcsylphosphale Pol)-neoropalhy (Ja- 
maica Ginger Paralysis). Periodic outbreaks of 
polyneuropathy have occurred because of Ingcslioti 
of triorthocresylphosphalc. The largest number of 
cases occurred in 1930, following consumption of 
adxihcrated extract of ginger. Recent cases have 
occurred because of the contammatian of cooking 
oil. Pathologically, there arc degeneration of pc- 
nphcral ncr\'eS and also destruction of xvliilc m.ittcr 
and anterior horn cells in the spinal cord. The 
initial symptomatology is that of gastrointcsiinal 
irritation, followetl in about 10 days by the dcxclop. 
mcnl of a severe motor neuropathy inxolvmg distal 
muscles Wrist and foot drop occur Pain is com- 
mon, but there is usually no sensory impairment. 
Later, extensor pLnntar reflexes appear. In many 
cases the paraly sis fails to Improx e. The treatment 
IS symptomatic. 

Familial Polvneuropat/uy 

Peroneal Muscular Atrophy ( Cbarcot-Marie- 
Tooth Disease), This is a hereditary disease wnh 
onset during adolescence or adult years. There is 
chronic degeneration of peripheral nenes and roots, 
resulting in distal muscle atrophy, beginning in 
the feet and legs and later in the hands. Early 
symptoms are muscular wasting and weakness nf. 
feeling the extensor and abductor muscles of the 
feet and producing an equinox .anis deformity. 
Later, all muscles below the middle third of (he 
thigh may be alFctted, resulting in a “stork log” 
appearance of (he legs. After a period of years, 
atrophy of h.md and forearm muscles develops. The 
xxasting ncx’cr extends abox'e the elbows or oIki\c 
the middle third of the thighs. Perforating ulcers 
may occur in the feet. Pain, paresthesias, and 
cramps arc common. The sensory disorder is usually 
rather slight. Often there is some impairment of 
position and xnbmtory sensation in (be feet, and 
tnneh and pain sensation are lost in the feet in somo 
c.iscs. Beflexes are lost in the inxolved limbs. The 
progression of the illness is x-ciy sloxv and may be 
arrested nt any stage (See Chap. 290 fat more 
complete description.) 

Progressive Hypertrophic Polyneuropathy (De- 
jerinc-Sollas Disease)' This type of neuropathy a 
uncommon and is frequently famJia] It begins 
usiully in childhood and is sloxxly progressixe. Pain 
mid p.iresthcsi.is in tlic feet are early l^*mptoins, 
folloxved Iiy dexclopment of synimitric weakness 
, and xxaslmg of the distal portion of the limbs. Sen- 


DISEASES OF ORGAN STSTE.MS 
saticRi is impaired in a distal distribution, and the 
tendon refleses arc absent. Miotic pupils, nystag- 
mus, and kyphoscoliosis have been obserxed in 
some cases, A characteristic finding is the enlarge- 
m«it of the peripheral nerxes because of hyper- 
trophy and proliferation of the cells of the sheath 
of Sclux'ann ond fibroblasts. Palpable thickening of 
the ulnar and peroneal nerxes m.ay be conspicuous 
In the absence of palpable enlargement of nenes, 
the diagnosis can be established by biopsy of a 
cutaneous nerve. The treatment is symptomatic. 

Po/tftiei/ropafJit/ of Obscure Origin 

Chronic Progressive Pol>Ticuropathy. Not infre- 
quently one encounters patients xxith a sloxvly pn>- 
gressive polyneuropathy' in whom no etiologic factor 
can be found. There are weakness and xvasting of 
the bmbs, arcflcxla, and peripheral sensory’ impair- 
ment Pain is less prominent than in the acute forms 
of neuropathy and is often absent altogether. 
Progression occurs over a period of months, occa- 
sionally xvith fatal termination, but may be fol- 
lowed by recovery or arrest of the condition. The 
peripheral nenes shoxv ex'idence of xx'idesprcad 
degeneration. Without knoxvledge of etiology and 
lacking a specific lJierapy% one can only resort to 
the usual symptomatic treatment of polyneuropathy 
A course of BAL may be tried on empirical 
grounds 

Acute Kbopathic polyneuntis must be dnlin- 
guisbed from other acute affections of peripheral 
nerves and roots, poliomyelitis, and acute ascend- 
ing myelitis. Posldiphthcrilic polyneuritis produces 
a somewhat similar picture and may be identified 
by the recent history of diphtheria and transitory 
paralysis of palate or accommodation. A posilhe 
Schick test IS evidence against a preceding diphthe- 
ritic infection. Acute porphyric polyneuropathy is 
distinguished by a recent history of abdominal 
sy'inptoms, normal spinal fluid protein, and presence 
of porphyTins in the urine. In acute idiop-ithic 
polyneuritis, the features of acute onset following 
a (ebnle episode, the rapid dexclopment of synnw 
toms, and the more prominent inxoivcmcnt of 
motor nerve fibers can help distinguish it from 
deficiency and toxic forms of polyneuropathy. Me* 
ningcal carcinomatosis xsilli multiple mvolxcmciil 
of nerve roots is choractcrizc-d by less acute onset, 
steady progression of symptoms, and frequently, 
by uifiammatory and neoplastic cells in the spinal 
fluid. Poliomyelitis is distinguished by the asym- 
metric paralysis, absence of sensory imp.ainncnl. 
and the pleocytosis of the cerebrospinal fluid 
Acute asccntling myelitis may cause widespread 
flaccid paralysis, but in this condition sphincter 
disturbance is usually sex ere. sensory loss is more 
extensive, inxolx ing the w hole body below the level 
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of the cord lesion, and plantar responses are later 
extensor. See Chap. 287 for further discussion. 

Once the neuropathic nature of the disease is 
established, then the specific type of the neuropathy 
must be ascertained. 

Chronic polyneuropathy (usually separable from 
distal myopatliy and spinal muscular atrophy) leads 
to consideration of the four familial peripheral 
nerx’e diseases — Charcot-Marie-Tooth, D^jerine- 
Softas, familial amyloidosis {Portuguese polyneu- 
ropathy), and Refsum*s syndrome of polyneurop- 
athy, deafness, and retinitis pigii^entosa — and also 
sexeral acquired types such as chronic beriberi, 
diabetic polyneuropathy, polyneuropathy with car- 
cinoma or multiple myeloma, and idiopathic poly- 
neuropathy. These arc dUtitiguished on the grounds 
of familial history as \xell as the details of the 
clinical picture and biochemical findings. Tlie cause 
and mechanism of as many as 50 per cent of all 
cases of chronic polyneuropathy cannot be deter- 
mined at this lime. 


LOCALIZED NEUROPATHY 

The Common Brachial and 
Crural ifononcuropalhtes 

Rrachtal Falsies. The fifth to eighth cervical and 
first thoracic spinal nerves Innen'ate the muscles 
of the shoulder girdles and upper extremities. The 
brachial pletus is formod by components of these 
nerves, and lesions of the nerves or their branches 
result in characteristic palsies. The following are 
the brachial palsies most likely to be observ'ed on 
the medical wards of a hospital. 

Long Thoracic Scree. This nerv’e is derived from 
the fifth, sixth, and seventh cervical nerves and 
supplies the sciratus magnus muscle. Paralysis of 
the serralus magnus muscle results in inability to 
raise the arm over the head from a forward posi- 
tion, and there is winging of the inner border of 
the scapula on puslung forward against resistance. 
It is injured roost commonly by pressure on the 
shoulder, from either a sudden blow or prolonged 
pressure from carrying heavy weights. It is also 
involved at times in diabetic patients and as a mani- 
festation of brachial and scram neuritides and in 
other idiopathic forms of neuritis (pleurodynia, 
Coxsaefa’e). 

Swpraacopular Serte. This nerve is derived from 
the fifth and sixth cervical nerves and supplies the 
supra- and infraspinatus muscles. Lesions may be 
diagnosed from the presence of weakness of ab- 
duction and external rotation of the arm and 
atrophy of the supra- and infraspinatus rauscles. The 
nerve may be injured by' blows on top of die 
shoulder and fracture-dislocations of the shoulder 
joint. 
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Upper Brachial Plexus Paralysis. This is due to 
injury to the fifth ccrx-ical ner\-e, caused most com- 
monly by forceful scp.nration of the head and 
shoulder during difficult delivery or by pressure in 
the supraclavicular region during anesthesia, Tlic 
muscles affected are the biceps, deltoid, brachialis 
anlicus, supinator longus. supra- and infraspinatus, 
and rhoml»ids. The arm hangs at the side, inter- 
nally rotated, with the elbow extended. The forc- 
ann is pronated. ffanci motion is unaffected The 
prognosis for .spontaneous recovery is gonerallv 
good, especially m cases of birth injury*. This condi- 
tion as a result of birth injury (Erb-Duchenne 
brachial plexus palsy) is discussed in Chaps. 20 
and 283. 

Lower Srachtal Plexus Porali/sis. This is due to 
injury to the eighth cerv-ical and first thoracic roots 
as a result of traction on the abducted arm in falls, 
during operation, and with tumors of the apex of 
the lung (superior sulcus or Pancoast syndrome) 
Injury may occur during birth (Dd|erine-ICliimpke 
brachial plexus injury). There are paralysis and 
wasting of the small muscles of the hand and a 
characteristic claw-hand deformity Sensory loss is 
limited to the ulnar border of the hand, and there 
may be an associated paralysis of the cervical sym- 
pathetic nerve with a Homer's syndrome. 

Lesions of the Cords of the Brachial Plexus. The 
outer and inner cords are most commonly affected 
Dislocation of the head of the humerus, pressure of 
the cervical rib, and stab wounds are the most 
frequent causes. Injury to the outer cord results m 
paralysis of the biceps and coraeobrachiahs imneles 
and all muscles supplied by the median nerv'e ex- 
cept the intrinsic hand muscles. There is some loss 
of sensation over the radial aspects of the forearm 
Involvement of the inner cord, as may occur in 
compression by cervical rib, results in paralj’sis of 
the muscles supplied by the ulnar nerve together 
with the median-innervated intrinsic muscles of the 
hand and sensory loss over the ulnar aspect of tlie 
hand and forearm. 

Axillary Nerve. This nerve arises from the pos- 
terior cord of the brachial ple.xus and supplies the 
teres minor and deltoid muscles. It may' be involved 
in injuries resulting from fractures of the neck of the 
humerus, serum neuritis, brachial neuritis, or as 
part of a disease of unknown etiology. The anatomic 
localization depends on the recognition of a paraly- 
sis of abduction of the arm, wasting of the deltoid 
muscle, and slight impairment of sensation over the 
outer aspect of the shoulder. 

Musculocutaneous Nerce. This nerve is derived 
from the fifth and sixth cervical nerves and is a 
branch of the outer cord of the brachial plexus. It 
innervates the biceps and brachi.nlis anlicus mus- 
cles. Lerians of the nerve result in weakness of 
elbow flexion. This nerve is rarely injured alone. 
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Uadlai Nene. This nerve is derived from the 
fifth to ciglith cervical nerves and is the termination 
of the posterior cord of the brachial plcms. It in- 
nervates the triceps mviscle and the supinator and 
extensor muscles of the forearm and liand. Com- 
plete radial paralysis results in inabOity to ertend 
the elbow, paralysis of supination of the forearm, 
and complete vvTist and finger drop. Sensation is 
impaired over the posterior aspect of the forearm 
and a small area over the radial aspect of the dor- 
sum of the hand. Tire nerve may be injured in the 
a-ulla, for example, in "crutch" palsy, but most com- 
monly traumatism occurs in the lower arm where 
the nerve winds around the humerus. Common 
types of injury at tlus site are fractures and pres- 
sure palsies during sleep. 

Median Nerce. This nerve is denved from the 
sixth cervical to tlve first thoracic root and is 
formed by the union of two heads from the Inner 
and outer cords of the brachial plexus. It innerx'afes 
the pronators of the forearm, long finger fievors. and 
abductor and opponens muscles of the thumb and 
IS a sensory nerve to the palmar aspect of the hand 
Complete median nerve paralysis results in wasting 
of tlw affected muscles and inability to pronate the 
forearm or deviate the hand in an ulnar direction, 
paralysis of flwion of the index finger and terminal 
phalanx of the thumb, wealmess of flexion of the 
remaining fingers, wealmess of abduction and oppo- 
sition of the thumb, and sensory impairment over 
the radial two-thirds of the palmar aspect of the 
band and over llie distal phalanges of the dorsum 
of the index and third fingers. The nerve may be 
injured in the a.TflIa by shouider dislocation and in 
any p-irt of its course by laceration, stab, or gunshot 
wounds Tlie wrist is the most common site of ex- 
ternal injury. Compression of the nerve at the wrist 
(carpal-tunnel syndrome) may occur secondary to 
prolonged occupational pressure or local inhllm- 
tion, for example, by' a thickening of connective 
tissue and deposit of amyloid wilb multiple my'e- 
loma Incomplete lesions of the median nerve be- 
tween the axilla and wrist may result in caiisalgio. 

Vlnar Nerce. This nerve is derived from the 
eighth cervical and first thoracic roots. It inner- 
vates the ulnar flexor of the WTist. the inner lialf 
of the deep finger flexors, the adductors find ab- 
ductors of the fingers, adductor of the thumb, the 
tw 0 medial lumbricales, and muscles of the bypothe- 
nar eminence. It is the sensory nerve to the fifth 
and ulnar half of the fourth fingers and ulnar border 
of the hand. Complete ulnar paralysis results in a 
cliaracteristic claw-hand deformity owing to wast- 
ing of the small hand musdes and hy’pcicxtension 
of the fingers at the metacarpophalangeal joints and 
flexion at the intcrphalangeal joints. The flexion de- 
formity is most pronounced in the foiirtli and fifth 
fincers. Sensory loss occurs over the fifth finger, the 
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ulnar aspect of the fourth finger, and the ulnar 
border of the palm The ulnar nerve is most com- 
monly injured at the elbow because of fracture of 
dislocation involving live joint. Delayed ulnar pefiji 
may occur many years after an injury to the elbov*' 
joint which has resulted in a cubitus valgus de- 
formity of the joint. Because of the deformity, th^ 
nerve is stretched in its coarse over the ulnar con- 
dyle The superficial location of the nerve at the 
elbow makes it a common site of pressure palsy- 
Prolonged pressure on the outer part of the palrfl 
may result in damage to the deep palmar branch 
of the ulnar nerve, causing weakness of sriLill hand 
muscles but on sensory loss. 

Crural Palsies. The tw'clfth thoracic, first to fifth 
lumbar, and first, second, and third sacral spinal 
nerve roots compose the lumbosacral plexuses and 
innervate the muscles of the lower extremities and 
“saddle" region. The following arc the conunoii 
crural palsies. 

iMtera! Femoral Cofancotis fierce. This nervC 
IS denved from the second and third lumbar roots- 
It u a sensory nerve supplying the lateral aspect of 
the thigh. The nerve enters the thigh beneath the 
lateral end of the inguinal ligament and then enter# 
the fasc].v lata, where it may become constricted- 
Compression of the nerve results in uncomfortable 
paresthesias along its cutaneous distribution and in 
sensory impairment The condition is called mc' 
ralgia paresthetica (menb'oned belovv). 

Obturator Nerve. This nerve is denved from the 
second, third, and fourth lumbar roots. It supplies 
the adductor muscles of the thigh, and injury to 
the nerve results in oimost complete paralysis o( 
adduction of the thigh. The nerve is most fre<pmtly 
Injured during the coiuse of a difficult labor and 
also as a result of dislocation of the hip or an ob- 
turator hernia. It may be alFectpd in diabetes, poly- 
arteritis nodosa, retroperitoneal cervical caremoma 
and oUier tumors, etc. 

revwraf JVcrcc. This nerve is derived from the 
second, third, and fourth lumbar roots. It supplies 
the iliacus, pcctineus, sarlonus, and quadriceps 
muscles and carries sensory impiikes from the 
anteromedial aspect of the thigh and medial side of 
the lower leg. FoUowing injury to the nerve, there 
IS paralysis of c-xtension of the knee, with wasting of 
the quadriceps muscle and also some weakness of 
hip fiexion. The knee jerk is abolished. The nerve 
may be involved in fractures and dislocation of the 
hip and in fractured pelvis. It may be affected in 
diabetes, polyarteritis nodosa, and in retroperitoneal 
pelvic or abdominal lesions such as psoas abscess or 
tumor. Because of the prodmily of the femoral 
artery to the nerve in tlie femoral triangle, wounds 
in this region may be fatal. 

Scjofic Nerve. Tlus nerve is derived from the 
fourth and fifth lumbar and first, second, and third 
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sacral roots. It pro\ides the motor innervation of 
tlie hamstring muscles and all tliose belmv the 
knee; and it carries sensory impulses from the pos- 
terior aspect of the thigh and posterior and lateral 
aspects of the leg and entire sole. In complete 
sciatic paralysis, the knee cannot be flc'tcd and all 
muscles below the knee are paralyzed. The sciatic 
nerve is commonly injured in fractures of the peKns 
or femur and in gunshot wounds of the buttock and 
thigh. U may also be involved by pelvic tumors and 
in both diabetes mollitus and polyarteritis nodosa. 
Cryptogenic forms also occur and are actually more 
frequent than the identifiable types of disease. A 
ruptured lumbar disk often simul.atcs sciatic neurop- 
athy. Incomplete lesions of the sciatic nerve occ.v 
sion.ally result in causalgia. 

Common Peroncol Nerve. This nerve is one of 
tlie terminal divisions of the sciatic ner\’e in the 
popliteal fossa. It supplies the dorsiflexors of the 
foot and toes and cverters of the foot, and sensation 
to Ure dorsum of the foot and lateral aspect of the 
lower half of the leg. These functions are lost with 
lesions which completely interrupt the nerves. Pres- 
sure or sleep palsy is one of tlic most fre<iuent types 
of injury’, the compression being of that part of the 
nerve which passes over the head of the fibula. It is 
also commonly involved by fractures involving the 
upper end of the fibula and In diabetic poly’arlcritis. 

Tibiol Nerve. This nerve is the other of the two 
terminal divisions of the sciatic nerve in the pop- 
liteal fossa. It supplies nil the calf muscles and the 
flexors of the foot. Complete paralysis of the nerve 
results in a calcaneovalgus deformity of the foot, 
which no longer can be plantar flexed. There is loss 
of sensation over the plantar aspect of the foot. 

The Diseases Which Incolcc 
Single Nerves or Plexuses 

Infections. In faucial diphtheria, selective in- 
volvement of the vagi and nerves to the ciliary 
muscles of the eye results in palatal paralysis and 
paralysis of accommodation. The palatal palsy oc- 
curs in the first 2 weeks of infection and ihe loss 
of accommod.ation about a week later. Both tend to 
improve rapidly. In cutaneous diphtheria, jnv’olv'e- 
ment of nerves locally results in paralysis of the 
muscles supplied by the spinal segment from which 
the infected region is innervated. In leprosy', granu- 
lomatous infection of multiple peripheral nerves 
usually takes place simultaneously, producing symp- 
toms of polyneuritis rather than localized a^m- 
mctric neuritis, but the latter may be found in the 
early stages of leprous neuritis. Herpes zoster is a 
Sensory neuritis of virus etiology, characterized hy 
acute inflammation of one or more posterior root 
ganglions, spinal nerves, and roots and gray mat- 
ter of the spinal cord. Lancinating pain and hj-per- 
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algesia over the skin surface supplied by afl^ected 
roots occur for 3 or 4 days, followed by the ap- 
pearance of a segmental herpetic eruption. If the 
inflammatory process spreads to involve adjacent 
motor roots of anterior horns of the cord, segmental 
motor weakness and wasting appear. Paralysis of 
the oculomotor nerves may occur in conjunction 
with imolvcment of the gasserian ganglion (oph- 
thalmoplegic zoster). Facial paralysis may occur 
wdlh involvement of the geniculate ganglion (Ram- 
say Hunt sy'ndrome) but has accompanied zoster of 
other ganglions as well. Sarcoidosis can involve 
single or multiple peripheral nerves, producing 
asymmetric mononeuritis or polyneuritis. Unilateral 
or bilateral facial paralysis is common in associa- 
tion with parotitis and uveitis in sarcoidosis. 

Trauma. External trauma may result in complete 
transection of a peripheral nerve or may impair 
conduction vvathout interrupting the anatomic con- 
tinui^ of the involved nerv'e Complete division of 
a mixed peripheral nen-e results in paralysis and 
sensory loss corresponding to the region supplied 
by the damaged nerve. Recovery of function after 
complete division can take place only when the 
divided ends be in apposition or have been sutured 
Growth of nerve fibers from the central end pro- 
ceeds at a rate of I to 3 mm a day, and the re- 
covery time can be estimated by the distance be- 
tween the site of injury and destination of the 
neev'e. An early indication of regeneration is the 
presence of tingling sensation on tapping the nerve 
below the lesion (Tinel’s sign). Sensory recovery 
precedes the return of motor power. All forms of 
cutaneous sensation begin to return together. Ap- 
preciation of pain and temperature improves, but 
the stimuli are poorly localized for some time 
Eventually there is recovery of the discriminative 
aspects of sensation, including localization of sen- 
sory stimuli, postural sense, recognition of slight 
differences in temperature, and appreciation of very 
light touch. 

Pressure Palsy. This results in temporary paraly- 
sis owing to local compression. Mild degrees of 
compression are followed by fairly rapid recovery. 
Severe compression, such as may occur during a 
bout of alcoholic intoxication, deep sleep, or anes- 
thesia, may result in focal disintegration of myelin, 
damage to axis cylinders, and Wallerian degenera- 
tion of distal segments. Recovery is slow and must 
await regeneration. Common varieties of pressure 
pal^ are radial nerve paralysis with wrist drop due 
to prolonged pressure against the back of the arm 
(Saturday-night palsy ) , ulnar palsy due to repeated 
trauma to the nerve at the elbow, especially after 
an old fracture that changes the relation of the 
nerve to the bicipital groove, and peroneal nen-e 
palsy with foot drop caused by compressing the 
nerx'e against the fibula, as in sitting \^th legs 



1SS2 SEC. 7 

crossecl or during otstetric procedures willi legs in 
stirrups. 

Mcralgia ^westhcilca is a sensory neuropaOiy 
characterized by pain and pareslliesia o%cr the lat- 
eral aspect of the thigh because of compression of 
the lateral femoral coitaneous nei^'e in the fasaa 
lata Pressure on nerve roots in tlic cervical and 
lumbar regions by herniated infcrvcrfchral dtsl* 
results in pain, sensory impairment, and variable 
motor weakness corresponding to the area supplied 
by the involved root (see Chap. 7). Compres- 
sion of the inner cord of the brachial plcrus by a 
cercicflf rib or by some other ma//ormofton of the 
thoracic outlet (thoracic outlet syndrome) results 
in atrophy of small hand muscles and sensory im- 
pairment over the ulnar and sometimes median 
nene distribution (see Chap 7}. Tiie median 
nerve may be compressed at the wrist beneath the 
transverse carpal ligament (carpal-tunnel sjti- 
drome). There are pain and paresthesias In the 
palmar surface of the hand and first three fingers, 
thenar atrophy, weakness in flexor of thumb and 
opponens muscle, and sensory impairment over the 
median nerve distribution. 

Tumor. Peripheral nencs may be compressed or 
Invaded by primary or metastatic tumors arising In 
other tissues Solitary tumors of norv’c sheaths, or 
neuromas, commonly occur .along the roots of spinal 
nerv’es, chiefly in the thoracic and lumbar regions. 
Compression of the nerve root and adjacent spinal 
cord may occur. Root compression causes pain re- 
ferred to the distribution of the involved nerve, and 
there may be associated sensory impaiimcnt and 
iTrtAoi weakness- LympVionvatosis and carcinomatosis 
of the cranial and spinal meninges may implicate 
Single or multiple cranial and spinal nerve roots 
and give nse to confusing clinical S)Tidromcs. Tu- 
mor cells may be found in the cerebrospinal Quid 
Solitary Tiewromas Tnay bivtive any o^ tine peripheral 
nerves, producing local pain and tenderness to 
palpation. Multiple neuromas occur in von Reck- 
Im^ausen’s disease and are associated in this con- 
dition with multiple congenital anomabes, as well 
as kyphoscoliosis, cutaneous pigmentation, and cu- 
taneous fibromas. The treatment of solitary erpaml- 
mg nerve tumors of the limbs is vilde excision with 
nerve graft or suture, if that is possible. 

Idiopathic Neuropadiy. Belfs palsy is due to 
compression of the facial nerve in the fallopian 
canal as a result of an acute inflammatory process 
involving the nerve. Edema leads to compression of 
nerve fibers, wnth resulting unilateral paralyw of 
facial muscles (see Ch.ip. 31) 

Brachial neuritis is an acute aflection of the 
brachial plexus, characterized by tlie acute or sub- 
acute onset of severe pain in the neck, arm, and 
hand, follow ed by moderate muscle weakness, slight 
of sensation in the fingers and hand. 
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numbness or hyperesthesia, and depressed rcEcJfs 
m the involved arm. Tlie p.iin is usually severe anti 
constant and is .aggravate by moving (he arm c 
stretching the brachial plexus. .Muscle wasting h 
rarely severe, but some cases of brachial nenritb, 
especially those descnlicd by the term nennj/pe 
amyotrophy, may be followed by localized paralj'^b 
and atrophy of live shouldcr-gifdle and arm muscl«- 
Recovery slowly occurs over a period of seve^ 
weeks to montlis. S>TnpIomatic treatment, iDcIudi"? 
complete rest of the involved arm and analges'” 
in tlw acute phase, followed by mild massage 8"^ 
exercise, usually sufiiccs. 

Sciatic nciir/7fr causes pain in the lumbar regi™ 
and behind the leg from buttock to ankle. Tlie p^^ 
is aching or burning in qualit)’ and is aggravated 
by movement or straining. TJie sckitic nene b 
tender to palpation or stretching There may ^ 
slight weakness of the hamstrings and rrmsc^*^ 
below the knee. The ankle jerk is absent Senst’*)' 
impairment is usually slight- It is necessaiy to d^' 
tmgulsh the sv-mptoms of sciatic neuntis from ih^ 
of sciatic compression. In compression (eg., b' 
tumor) the onset is more gradual, sviuptoms ^ 
progressive, muscle wasting is more conspicuoi’*’ 
the nerve is less tmder to palpation, and senstfty 
loss IS grr.Tler Tlie course of sciatic neuritis is s*®* 
tlonary at first, foUovvcd by slow improvcmel>h 
Trcnlminl IS sjinploinatic. 

Serum neuritis develops several da)"* after 
onset of serum sickness. The CftJi cervical nerve ® 
most commonly invohctl, with pain. p3ral)'sis, 
atrophy corresponding to the distnbiition of th** 
nerve Occjisiona)))* the entire brachial plems 
be involved, and there is sometimes, but rarely, “ 
generalized polvmeuntis. Tlie ctiolog)’ is not knov'"” 
bill IS attributed to penneural edema comparab*^ 
to the urticaria of scrum sickness, with compresstf’'’ 
o1 aSccted roots or nerves Hecov cry is osuifiy tv^' 
pletc but occurs slowly. 


TREATMENT 

In addition to measures already mentioned. g^‘ 
eral principles m the treatment of pohmeuropath) 
include removal of any known toxic factor, corrC*^ 
tiou of nutritional deficiency, rest of affected nen^ 
and muscles, maintenance of muscle tone by hc^ • 
massage, and electrical stimulation, and the 
vention of joint fixation and contractures. Bed 
is indicated for generalized weakness, to relax 
volved muscles, and to avoid cardiac strain Pain^ 
the acute stage is relieved by analgesics and th® 
use of moist, hot packs, if tolerated. Pressure ® 
bedclothes is avoided by cradle support, and fo® 
drop is prcventerl by sand bags beneath the so!^ 
Passive movement and gentle massage are started 
as soon as tolerated in order to maintain tone ai* 
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prevent contracture. After tlie acute, painful stage, 
appropriate splints can be worn and more intensive 
physiotherapy carried out. Adequate nutrition must 
be maintained, with vitamin supplements of the B 
group added. In the nutritional polyneuropathies, 
a high calorie, high vitamin diet with 50 mg thia- 
mine daily and 15 Cm of brewer’s yeast, are 
prescribed. On the basis of blood pyruv’ate levels 
following glucose administration, it is said that 
three main groups of peripheral neuropathy can be 
distinguished. One group shows no impairment of 
pyruvate metabolism and is not affected by thiamine 
treatment. In the second group, there is a block in 
pyruvate oxidation that responds to thiamine, and 
in the third group, a block in pyruvate oxidation 
that is not clwnged by thiamine. The latter group 
includes cases of arsenic intoxication which re- 
spond to treatment with BAL. In cases of poly- 
neuropathy of obscure origin in which pyTOvafe 
metabolism is impaired, if Acre is no response to 
Aiamine, a short trial of BAL is indicated. The 
authors have been unable to verify this subdivision 
of cases of polyneuropathy, and the efBcacy of the 
Aerapeutic methods vvhich follow from it has not 
been substantiated. 

Treatment in localized neuropathy is directed 
toward maintaining tone and preventing stretching 
of paralyzed muscles, preventing contractures, and 
keeping Joints mobOe whUo nerve regeneration is 


taking place. Heat, mass.ige, passive movement, 
and dcctrical stimulation are employed. Operative 
repair is necessary in cases of complete nerve 
transection, and surgical treatment is required in 
some but by no means all cases of chronic com- 
pression by tumor, cervical rib, or herniated inter- 
vertebral disk. 
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Section 8; Diseases of Supjaorting Tissues 
Otlier tlian Bone 


INTRODUCTION 

Ivan L. Bennett, Jr. 

This section contains descriptions of diseases 
which damage the body’s "soft skeleton," the skin 
and connective tissue. Although this categorization 
Is arbitrary, it possesses advantages. Generally, 
common or related etiology is Ae basis for classifi- 
cation, and. Ideally, similarity in manifestations is 
the most useful clinical criterion for grouping 
diseases. Here, we are dealing for Ae most part 
■'viA diseases of obscure etiology; many of Ae 
disorders are actually known to occur in association 
with a variety of infections and hypersensitivity 
states. Furthermore, because injury' to connecBve 
tissue c.m produce structural or functional abnor- 
malities in almost any organ system or anatonuc 


site, it is difficult to select a few predominant 
symptoms and signs from the diversity of manifesta- 
tions Aat can accompany such Aseases and to rely 
on Aem as a logical starting point in grouping. If 
Aey are considered by the clinician as generalized 
disorders of connective tissues, howev’er, Aey are 
less perplexing. For example, sev'eral genetically 
determined diseases, once looked upon as rare 
and esoteric “syndromes" composed of a peculiar 
hodgepodge of unrelated abnormalities, are dis- 
cussed in Ae next five chapters. They are now 
known to be relatively common. IVhen viewed as 
disorders of connective tissue, sutb associations as 
ectopia lentis, inguinal hernia, and aortic dissec- 
tion in Ae Marfan syndrome or angioid streaks 
and melena in pseudoxanthoma clasticum are logi- 
cal and expected. 

In addition to Ae major “colbger —'"—i-- 
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eases," a few relatively unusual diseases of uncer* 
tain etiology but closely related histologic mani- 
festations are included: relapsing panniculitis and 
scleredema. Because theurtuUc fe\er and acute 
liemorrbagic glomerulonephritis are known to be 
related etiologically to group A streptococcal infec- 
tion, aiD discussed in another part of tlie book 
as complications of streptococcal dise.ise. Derma- 
tomyosilis has been included clscv^herc along with 
other diseases of initsclo. All these disorders might 
svell have been included in this section. 

The two most important afflictions of the joints, 
rheumatoid arthritis and degcncralisc joint disease, 
arc included in this section along with a detailed 
discussion of the problem of rheumatism and ar- 
thritis. Finally, some of the more important prob- 
lems of dermalolog)’ arc presented from the point 
of view of the patient with skin disease or with 
systemic disease manifested by cutaneous lesions. 

THE MARFAN SYNDROME 

Victor A. McKwsIcfc 


DcHnition. Tlio Marfan S)Tidrome [sjmonjTns 
arachnodactyly, dolicbostenomclia (long thin 



Tic 202-1. Tjpical features of die Marfan s)7>droinc In 
an ll-jcar-oUl boy. 
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limbs), dystrophia mesodermalis congenita, typ*^* 
Marfanis] is a heritable, generalized disorder of oae 
element of connective tissue, clinically manifested 
by abnormalities of the eye (especially ectopt^ 
lentis), of the skeletal system (especially esccssh® 
IcngUi of the long bones), and of the cardiovascu- 
lar system (especially diffuse and/or dissccUi'g 
aneurysm of the ascending aorta). 

Clinical Manifestations. Skclelon. Characteristi- 
cally, the tubular bones are excessively long, result- 
ing in arachnodactyly and in anomalous propC- 
tions. Normally after puberty the ratio of upp®*' 
segment (pubic symphysis to cro^vn) to the lo"®® 
segment (pubic symphysis to sole) is about 
(SD = 0 0-f) in whites and 0 85 (SD = 0 03) 'u 
Negroes. Because of the excessively long lo'V®'’ 
segment the ratio is usually lower in patients \rith 
live Marfan syndrome. The arm span exceeds tli^ 
lieight The patient with the Marf.an syndrome 
taller than the average for his age and famil/j 
bo\ve\er, the deviation from the normal skeletal 
proportion is of more specific diagnostic signi“' 
cance. Excessive longitudmal growth of ribs 
result io outward displacement of the sterou® 
(pigeon breast, pectus carinatum) or inward di*’ 
placement (pectus excavatum, Trichterbnisi). 
dundanl ligaments, tendons, and joint capsu]®| 
result in loosc-jointedness, hyperextensibility 
joints, genu recurv'atum (backward curvature 
the legs at the knees), flat feet, kyphoscoliosis, 
habitu-al dislocation of the hips, patella, clnncle*' 
manilible, and other joints. Hernia occurs with Ii’* 
creased frequency. In general, patients with tl>® 
Marfan syndrome display a sparsity of subeutanC* 
ous fat (see Fig. 292-1). 

Ctjc. Ectopia Icntis (subluxation of the lens, di*' 
located lens) is the ociJar hallmark of the Marfs^ 
syndrome. Iridodonesis, tremor of the ins, is occA* 
sionally a clue to the presence of dislocated lens?*' 
Occasionally the margin of a dislocated leas 
visible through the undilated pupil, and occasio'’* 
ally there may be a total dislocation of the lens into 
llic anterior chamber. To exclude minor sublux®’ 
tion, it is necessary to dil.nte the pupil maximall/ 
and perform a careful slit-lamp examination. Und®t 
these circumstances one sees in the severely a*’ 
fccled person that the suspensory ligaments at® 
redundant, attenuated, and fragmented. 

Myopia, often of high grade, is usually present 
a long orbit usually occurs as an integral part 0‘ 
the syndrome. Spontaneous detachment of ih® 
retina is frequent. 

Cardiotoactilar System. The principal cardiovaS' 
cular manifestation of the Marfan syndrome Is ® 
weakness of the aortic media such that the portiO" 
subject to greatest hemodynamic stress of certain 
types — the ascending aorta — tends to undergo pr®* 
gressive dJatioa or acute dissccUoa. The dilation* 
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Tic. £9^-2. Tl»e aorta In (wo iaslancci of (lie Marfan 
D. Dissecting ancutj'sm. 


beginning as early as Ibo first or as late as the fifth 
Jeeade, occurs first in (he coronary sinuses. Pro* 
found aortic rcgurgilalion may precede evidence 
of dilation of the aorta on ordinar)* radiographic 
study. Tile clinical features of aaitc dissection arc 
discussed on p. iS&j (see Tig 292-2). 

Less common cardiovascular complications arc 
bacterial endocarditis superimposed on minor 
changes of ilie heart valves, interatrial septal dc* 
feet, and incomplete coarctation. 

Other internal ramifications include cystic dis- 
ease of the lung and recurrent spontaneous pneu- 
mothorax. 

DiiTcrcntial Diagnosis. Given cardiovascular and 
skeletal manifestations consistent with the Marfan 
sjTidromc, one cannot be certain of the diagnosis 
unless ectopia Icnlis, the most specific of the com- 
ponents of the sjudrome, can Ivc demonstrated, or 
unless close relatives display unmistakable evi- 
dence of the disease. Confusion results from the 
fact that there is wide variability in the clinical 
severity of this sjmdrome, and its individu.al com- 
ponents display some independence in their se- 
verity ("expressivity”) or even in whether they are 
present at all ("penclrate”). When the mutant 
gene for this syndrome occurs in p)’knic stock, die 
affected person is likely to display less impressive 
skeletal abnormalities. Tlie patient must be Judged 
against the background of liis family. 

Intrauterine insults to the cmhiyo, such as ma- 
ternal rubella, can produce changes in the eye. 
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$)'ndrome. A. Diffuse aneurjsm of the ascending aorta. 


heart, and skeleton (including aracJinodactyly) 
which superficially suggest the Marfan sjTidrome. 

Inheritance, The Maifan sjudrome ts usually In- 
hcri(c<! as an autosomal dominant. 

Pathology and B.'isic Defect. The main histologic 
abnormality Is that of the aortic media Probably in 
most cases normal at birth by the usual pathologic 
teclmiques. it undergoes changes which in the 
mildest form arc identical with Erdheim’s c)’stic 
medial necrosis seen in oilier settings (p 1S65) 
In its advanced form, there are loss of elastic fibers, 
Starring, hyperplasia of smooth muscle in l.arge 
whorls, and dilation of the vasa vasoruen. What 
element of connective tissue is fundamentally de- 
fective is unknown. The clastic fiber is under sus- 
picion- 
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THE EHLERS-DANLOS 
SYNDROME 
Victor A. McKusick 

Definition. The Ehlcrs-D.anlos syndrome (syno- 
nyms: cutis hyperclastica, "India rubber men," 
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Fic. 29^1. BoJh tile loo«c-}ointe<lncj} and the “ctga* 
rctle*p.iper" scarring of the Eh]ers*Panlos s^-ndromc 
are (Icmanstntcd. 


dcrmatonhc.'ds wi^i dcrmatochaiasis and artViro* 
clialasis) is a heritable and generalized disorder of 
one clemtut of coniicclbe tissue, clinically mani- 
fested by friigilit)’ and hypcrelasticity of the shin 
and ](}osc-{ointcdncss. 

Clinical Manifestations. CliaraetcnsticalK, the 
skin can be stretched through an unusually great 
range, but returns promptly to its normal position 
on release Later on. the skin may lose its elasticity. 
iK'eome tr\ily cutis laxa, and hang in flabby (olds 
or wnnUcs. Tliu skin is fragile, so that minor 
trauma is likely to produce g.ipmg, “Gsli-moiilir 
\soiinds uliich bleed little and hold sutures poorly 
Tlierc is easy bniisability. Firm spherules up to 
jlxmt 1 cm in diameter develop subcutaneously, 
inn lie mosed about through a considerable range, 
and can lie dimonstratcd radiograpfitcally because 
of calciGcation. "Cigarette paper" scars dcstlop 
over the knees, shins, etc. SoKrallcd "monusooid 
psi-tulotuinors" develop on the knees, ankles, and 
tlliovvs as soft, poorly outlined swellings tliat can 
1)0 sewral centimeters in diameter. 

The loose-jomtodness results in genu rrcunatiun. 
biiiituai divitxalinn of various joints, flat feet. etc. 
lUxuricfit livilrarlhrusis may result from the re- 
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peated trauma due to poor stabilization, espccullj 
in the knees (Fig. 293-1). 

IntcmiJ ramifications include diapbragrnatic 
hernia or eventration of the diaphragm, ectasia nr 
diverticula of portions of the gastn)intestin.i] ant] 
respiratory tracts, and spontaneous pneumothorax 
Spontaneous rupture of tic bowel is a rare com- 
plication. 

Inheritance. Tlie Ehlers-Danlos syndrome is usu- 
ally inherited as an autosomal dominant. 

Pathologv and Basic Defect. The basic defect 
appears to be abnormality in the way the collagen 
“wickerwork" is arranged such that excessive cx- 
(ensibilit)’ of collagenous structures ix possible (see 
Fig. 293-2). The normal elastic tissues appear to 
function in restoring structures to their normal po- 
sition, the elastic fibers may, m fact, be hjper- 
pbstic. possibly in response to the repeated stimu- 
lus of extra stretclung 
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Fic 293-2 Schematic representation of the poshilate*! 
mtuTc ot the defect in the collagen baskttry in tli<‘ 
fllilrrs-Djnlos vvTidfomc A. Nonnal B. ElilcTs-Danlnv 
syndnime. (A/lcr/an.scn.) 

OSTEOGENESIS 
IMPERFECTA 
Victor A. ^fcKlJSic^■ 

DcfiiiiliDn. Osteogenesis imperfecta (svnonvnis 
fr.igihl-is ossiiim, osteopsathyrosis idiopatbica, dis- 
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ease of Eddowes, Lobstein, van der Hoeve, Vrolik) 
is a heiitable, generalized disorder of one element 
of connective tissue with clinical manifestations in 
the eye (blue scleras), the ear (progressive deaf- 
ness), the skeleton (especially mulb'ple fractures; 
see p. 703), the pints (loose-jointedness), and the 
skin. The nosography of this syndrome has been 
much confused because of this wide variability in 
its clinical expression. Osteogenesis imperfecta con- 
genita and tarda have been separated. A further 
separation of the tarda type into levis and pans 
forms has been suggested. A hereditary disease 
characterized by fragility of bones, vsnthout blue 
scleras, has been claimed as a separate entity and 
called specifically osteopsathyrosis idiopathica. 
Until there is convincing evidence to the contrary, 
however, the information avaUable leads the author 
to maintain that all the several clinical pictures 
which have been described, and which go by 
separate names in many instances, are one and the 
same disease which has wide systemic ramifications 
and an exceedingly great range of clinical severity. 

Clinical Manifestations. Skeleton. Multiple frac- 
tures svith trivial trauma are a main feature. Intra- 
uterine fractures may permit antenatal diagnosis. 
Usually after puberty, the victim of this disease 
becomes less subject to fractures; susceptibihty 
may return in later life, especially ^ter the meno- 
pause in the female. Bowing of bones, porolic 
appearance by x-tay, without fracture, "codfish” or 
“hourglass” vertebras, platybasia (basilar impres- 
sion of the skull, p. 1729), are oil features. Dwarf- 
ism with short legs and relatively large head may 
be confused with achondroplasia. The French artist 
Toulouse-Lautrec is thought to have had osteo- 
genesis imperfecta. The calvarium tends to bulge 
laterally, and the head and face base a triangular 
configuration which often permits diagnosis from 
photographs alone. 

Eye. The change in file sclera, which may be 
various shades of blue, is the only important ocular 
feature. 

Ear. The deafness has the clinical features of 
conventional otosclerosis: variable age of onset, 
steady progression, and likelihood to begin during 
pregnancy. The tympanic membrane may be blue 
like the sclera. 

Joints, Loose-jointedness is one of the four car- 
dinal features of the disease. It is responsible, at 
least in part, for the flat feet, kyphoscoliosis, and 
habitual dislocation of joints. Wealaiess of liga- 
ments and tendons responsible for the loose-joint- 
edness sometimes results in rupture of tendons from 
relatively minor stress. 

Others. Hernia is frequent. The teeth are char- 
acteristically small, misshapen, and blufsh-yellow. 
Kjphoscoliosis can lead in later life to cardio- 
respiratory complications. 


Inheritance. Usually, osteogenesis imperfecta is 
dearly inherited as an autosomal dominant. Some 
aspects of its genetics are still confused. Certain 
features, especially those concerning sporadic cases 
and the so-called congenital form, suggest a reces- 
sive mode of inheritance in a portion of cases. 

Pathology and Basic Defect. In tire bones, pe- 
culiar basophilic-staining material is found in place 
of osteoid In other tissues, there is a sparsity of 
collagen fibers and replacement by fibers uilh 
tinctorial and other characteristics of reticulin. 
There appears to be a generalized defect in matu- 
ration of collagen 
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qOfr PSEUDOXANTHOMA 
ELASTICUM 

Victor A. McKusick 

Definition. Pseudoranthoma elasticum (syno- 
nyms: PXE, Croenblad-Strandberg syndrome) is a 
hereditary, generalized disorder of one element of 
connective tissue, resulting m premature break- 
donm of the skin in exposed areas, angioid streaks 
in the fundus oculi, and hemorrhage from arterial 
degeneration. 

Clinical Manifestations. Skin. In the second, 
third, or fourth decade of life, patients affected by 
PXE are bkely to develop changes in the skin of 
the neck, axillas, inguinal areas, and periumbilical 
zone, consisting of thickening, groosing, and forma- 
tion of yelloivish, diamond-shaped, rectangular, 
and polygonal nodules (Fig. 295-1). The sHn in 
involved areas becomes inelastic, lax, and redun- 
dant In women, the changes in the neck may be 
cosmetically disturbing. 

Eye. Angioid streaks develop at a variable time, 
often as early as the second decade. They arc 
brownish or gray and four or fii’e limes wider than 
the veins but resemble vessels in the manner in 
whidh they course over the fundus. Proliferative 
changes occur in the retina, with angioid streaks 
as points of origin. Hemonhage contributes further 
to the ocular damage which may progress to near 
blindness (see Fig. 293-2). 

Arterial Tree. Weak or absent pulses may be 
found in the extremities. Calcification of arteries is 
often demonstrable by radiography carty in life. 
Intermittent claudication and easy fatigability' of 
the arms and legs occur. Many of the affected 
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Fic. S95<1. The skin In pseudoxanthoma elasiicum. 


persons suffer from angina pectoris and hj-porten- 
sion Recurrent gastrointestinal hemorrhage is the 
problem which most often brings the patient to the 
attention of the internist. Occasionally, some lesion 
such as peptic ulcer or hiatus hernia is discovered 
and the vascular disease of PXE is considered only 
an aggravating factor. More often, no such lesion 
IS found. Hemonhage from other sites — uterine, 
uiinatj', nasal, or subatachnoid—may occur. 

Inheritance. Pseudoxanthoma elasticum behaves 
genetically like an autosomal recessive. 



Tie. 295-2- The fundus ocuh In pseudoxanthoxna elasti- 
cum. 
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Pathology and Basic Defect. Tlie skin and meJu 
of arteries of intermediate and smaller size (and 
occasionally the endocardium and pericardium) be- 
come the site of markedly altered connective tissue 
fibers vvhich arc liasophilic, have an affinity for cal- 
cium, and displ.-iy the tinctorial characteristics of 
clastic fibers In some areas, material of this de- 
scriphon is reduced to amoqihous or gianiiiar 
accumulations. The basis for angioid streaks ap- 
pears to be basophilic change and suhsegneut 
crazing (cracking) of Brack’s membrane behind 
the retina A grossing body of esadence suggests 
that, fundamentally, PXE is a hereditary weakness 
of collagen fibers vvhich renders them prone to 
undergo what some call "elastotic degeneration" 
under stress. Others ascribe the fundamental defect 
to the elastic fiber. 
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OQf: TIIE HURLER SYNDROME 

AC7U McKusick 

Definition. The Hurler s>'ndronie (synonjws. 
gargojlism, Huntcr-Hurler-Pfaundler syndrooie. 
lipocliondrodjstrophy, d)'5o$tosts multiplex) h 
thought to be a generalixcd, heritable disorder of 
one element of connective tissue, manifested bj' a 
characteristic malformation of the skeleton, stiff 
joints, deafness, lesions of the arterial retina and 
heart valves, hepatosplenomegaly, comeal cloud- 
ing, and impairment of intellect. 

Clinical Manifestations. Although previoush’ 
considered the exclusive property of the pediatri- 
aan, this syndrome is coming more to the attention 
of the internist. .Milder forms of the disease 3re 
consistent with sunival to adulthood (Fig. 296-1). 
and improved supportive measures permit longer 
survival of more severely affected cases. The child 
is often considered normal at birth; with time, d*e 
abnormality m pattern of growth of the skeleton 
becomes evirlent, and slowing of intellectual 
velopment, deafness, enlargement of the h'cr and 
spleen, and clouding of the cornea set in. The de- 
formity of the facial bones results in stertorous 
respiration, frequent upper respiratory infection, 
and mouth breathing vviiich creates an appearand 
supcrficiaDy su^cstmg cretinism. Virtually o" 
joints of the body display reduced mobility DjSP' 
nea, prccoidial pain, and congestive heart failure 
develop. Murmurs referable to any of the fouf 
valves of the heart can develop. The mitral and 




DISEASES OF SUPPORTING TISSUES 



Fio. 296-1. The Hurler sj’ndrome ia a 46-year-old roan. 
{Courtesy, Dr. John F. Murray and New Englond 
Journal of Medicine.) 


aortic valves are most often affected. Sudden death, 
seemingly cardiac in origin, is frequent. Intercur- 
rent respiratory infection is also a common cause 
of deadi. 

Inheritance. There are at least two genetic vari- 
ants of this disease— one inherited as an autosomal 
recessive and one as a sex-linked inheritance— the 
cornea is less likely to be affected, intellect is less 
sei’erely impaired, gibbus (or lumbar ky’phosis) is 
less frequent, and survival to a later age, even the 
forties, is possible. Otherwise, the clinical features 
of the two varieties are identical. 

Pathology and Basic Defect. Cartilage, fasa'a, 
tendons, periosteum, blood vessels, heart valves, 
meninges, and cornea show characteristic cells 
which are thought to arise from fibroblasts, these 
are distended by a substance with properties of a 
mucopolysaccharide and have been designated as 
"gargoyle cells.” Material presumably identical 
vnth that in the fibroblasts "balloons” the nerve 
cells of the central nervous sj’stem, peripheral 
ganglions, and retina, the Kupffer and parenchymal 
cells of the liver, the reticulum cells of spleen and 
l^rniph nodes, and the epithelial cells of endocrine 
glands. Extensive deposits may be found in the 
intima of coronary arteries, aorta, and pulmonary 
artery. The heart valves become scarred and de» 
fanned. 

Two mucopolysaccharides are excreted in the 
urine in appreciable amounts and are identified in 
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various oi^ns: chondroitin sulfate B and sulfate. 
There is no qualitative difference in the mucopoly- 
saccharides excreted in the two genetic forms of 
the disease. 

The basic defect is thought to concern muco- 
polysaccharide metabolism. To account for the 
excess of two mucopolysaccharides on the basis of 
a single gene defect, one is forced to conclude that 
some step common to the metabolism of the two is 
defective The biochemical basis of the progressive 
mental defect is not clear. Hydrocephalus resulting 
from meningeal deposits undoubtedly contributes 
to the mental defect. 
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POLYARTERITIS NODOSA 
Philip A. Tumulty 

Definition. Polyartentis nodosa is characterized 
by focal and diffuse infiammatory damage to blood 
vessels, especially small and mc^um arteries, with 
resulting altered function of the organs involved 
The disease runs a subacute or chronic course, and 
its cbnical manifestations are often confusingly di- 
verse. 

Inddence and Etiology. Polyarteritis is relabvely 
uncommon. It is most often seen in the fourth 
decade, although it has occurred in infants and 
the aged. The disease is two to three limes as 
frequent in males as in females. There is no known 
racial or familial predisposition. 

In the past, many possible etiologies have been 
considered, including specific infectious agents, 
"toxins” of several t^es, and neurogenic disturb- 
ance. Necrotizing arteritis morphologically similar 
to that of polyarteritis in man has been produced in 
rabbits by sensitization to proteins and in rats by 
several procedures that induce hypertension. 

In many cases of polyarteritis nodosa, the onset 
of sjmptoms has followed closely on serum sickness 
or sensitivity reaction to sulfonamides, iodides, peni- 
cillin, thiouracil, or other drugs. Furthermore, there 
is a close association behs’een chronic bronchial 
asllima and polyarteritis, the possibility of 

diverse etiologies cannot be excluded, it seems cer- 
tain that hypersensitivity is one cause of tlie disease 
in man. 

Pathology. The principal lesion is an inflamma- 
tion of small and medium arteries, including the 
\asa A'asorum. Veins and capillaries are sometimes 
involved also. The entire tiiickness of the vessel 
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wall is infianied wth necrosis and destruction of all 
coats. Involvement is usually segmental, and only 
a portion of the circumference of the artery may 
be attached. Eosinophils are usually prominent 
in the acute lesions. The consequences of the in- 
jury var)'; there may be rupture, healing wHh 
fibrosis, or tlirombosis and reennabrahon, or an 
aneur>sm can develop. It is common to find lesions 
in all stages of inflarnmation and repair in biopsy 
or autopsy specimens; this is m keeping with tlie 
subacute or chronic intermittent clinical course 
Granulomatous nodules that seem unrelated to 
vessels may occur in various organs or on serosal 
surfaces, and foc.al or diffuse glomeniloncphntis 
IS a frequent feature of the disease. 

It is important to realize that arteritis is a feature 
of many diseases, including lupus erythematosus, 
rheumatoid arthritis, serum sickness, and rheumatic 
fever Furthermore, arterial changes morphologi- 
c.ally indistinguishable from those of polyarteritis 
can be found in the intestinal submucosa of some 
patients with uremia or at the periphery of necrotiz- 
ing or suppurative bacterial lesions. Therefore, the 
presence of arteritis, especially in the absence of a 
prominent eosinophilic component in the inflam- 
mation, is not dkignostic of polyarteritis nodosa, and 
biopsy findings must be interpreted in bght of the 
enUre clinical picture 

Manifestations. The initi.'i] manifestations are so 
variable that It is Impossible to desenbe a “^icaF 
mode of onset. Symptoms sometimes appear 
abruptly in an individual who has previously been 
entirely well; more often, the process seems to 
begin as the second chapter of a recent illness. 
The primary incident may be some banal disorder 
(pulmonary infection, cholecystitis) witli apparent 
recovery or a penod of vague indisposition and the 
subsequent development of new manifestations and 
overt disability, hard to interpret in terms of what 
has previously transpired. 

Disease of an organ system such as nephritis or 
neuritis is not at all infrequent in polyarteritis, but. 
initially, the patient more often gives the impression 
that he is suffering from some subacute febrile db- 
ease, perliaps infectious in origin, without localizmg 
signs. Frequent early complaints are weakness, 
myalgia, fatigability, anorevia, weight loss (some- 
times striking), headache, chilliness or chills, and 
fever. Tliere may be afebrile intervals, but patients 
usually continue to feel ill, a few patients never 
have fever. Drenching sweats are common, and 
disproportionate tachycardia is frequent. 

Past emphasis on the "triad” of fever, abdominal 
pain, .and hypertension in a young man as typical 
of polj.'u-terilis was probably unjustified. Certainly, 
the vast majority* of cases fail to show Uus picture 
in any clear-cut fashion. 


SAm and 3/i/cof« Membranes. Cutaneous or sub- 
cutaneous nodules are an important diagnostic fea- 
ture. They range from the size of a millet seed to 
that of a pea, occur singly or in crops, regress very 
quickly (repealed examination is mandatory), and 
con be located on any part of the body, including 
tho soles, scalp, scrotum, and tongue. Occasionally, 
th^’ arc pulsatile and clearly represent small 
aneury'sms, it is rare to find these. The nodular le- 
sions may bo distributed linearly along vessels, and 
the overlying skin can be normal, reddened, or even 
ulcerated. Unfortunately, only a minority of patients 
will be found to have these shaking lesions. 

Far more frequent are such nonspecific eruptions 
as urticaria, purpura, and a variety of eryihematous 
rashes Occasionally, Ilaynauds phenomenon is 
seen, and rarely, arterial involvement will simulate 
thromboangiitis obliterans with acrogangrene. 

JJvido racemosa, arborescent red or purplish 
markings which fade into normal skin without sharp 
dcmarcfttlon, is an unusual but diagnostically im- 
portant cutaneous finding in polyarteritis. 

Mucosal lesions are unusual in this disease. 

Musculoskeletal. Tenderness and aching in mus- 
cles and arthralgia are often prominent early 
features. Occasionally, trichinosis or primary myo- 
sitis are suggested by the severity of pain. Later, 
weakness and atrophy can be so profound that a 
primary dborder of muscle seems likely. Frank 
arthribs is relatively unusual, although deformities 
indistinguishable from rheumatoid disease have 
been noted. 

Eijes. Ocular manifestations are common, arising 
in four ways: (1) direct involvement of retinal 
vessels with exudation, hemonhage, “cytoid* 
bodies, retinal detachment, arterial occlusion, papil- 
ledema, and optic atrophy; (2) exudative lesions of 
mesenchymal elements leading to episcleritis, irido- 
cychbs, or tenonitis. (3) cerebral arterial disease 
vnlli extraocuhr palsy or pupillomotor disturbances 
and visual field defects; (4) hypertensive retinop- 
athy associated with renal impairment. 

Lungs and Pleura. Pulmonary alterations occvir 
in about 2S per cent of patients with polyarteritis 
Because histologic changes may be present without 
iqmiptonis and because the roentgenographic find- 
ings and clinical manifestations are mrely diagnos- 
tic. It suffices to realize tliat the lungs may be in- 
volved in this disease. The observed changes range 
from nodular opacities resembling miliaiy tubercu- 
losis or carcinomatosis to confluent pneumonic con- 
sohdabon, usually basilar or e.xtending fanLke from 
the hilum. There may be cavitation if larger vessels 
are involved, and pulmonary infarcts or rupture of 
vessels can lead to hemoptysis. Lesions in the sub- 
mucosal vessels can result in tracheobronchial ul- 
ccrab'on, with cough and bloody sputum. 



DISEASES OF SUPPORTING TISSUES OTHER TUAN BONE cuaP. 297 1S91 


SecondaTy bacterial infection may lead to pneu- 
monitis, lung abscess, or emphysema. 

The relationship of polyarteritis to bronchial 
asthma has long been stressed. A history of typical 
asthmatic attacks may precede the onset of systemic 
arteritis by many years. Whether the asthma in- 
dicates tlie early onset of pulmonary arteritis or is 
of the ordinary type is not lmo\vn. 

An attempt has been made to characterize a 
group of patients rvith polyarteritis nodosa whose 
illness is primarily pulmonary. The individuals aD 
have chronic pulmonary alterations of long stand- 
ing, develop what appears to be a respiratory in- 
fection, and then are found to have high blood 
eosinopbilia, numerous eosmophils in acute arteritic 
lesions, and many focal necrotic or granulomatous 
lesions unrelated to blood vessels in the liver, 
spleen, kidneys, lymph nodes, and heart. 

Pleurisy occurs with or without effusion, occa- 
sionally bloody and, at times, secondarily infected. 

Serial x-rays of the lungs may help somewhat 
in estabL'shIng a diagnosis of polyarteritis if they 
show regression of earlier lesions, appearance of 
new infiltrates and, in general, a continuous flux. 
The instability of the findmgs contrasts with those 
in lupus erythematosus which are likely to remain 
stable for many months. 

Cardiovascular, Episodes of pericarditis with or 
without small effusions are frequent-, a massive 
bloody effusion may result from a ruptured vessel. 
The myocardium is affected by coronary arteritis 
and, rarely, the clinical picture may be dominated 
by coronary insufficiency and terminate wlOi mas- 
sive infarction. Focal granulomatous myocarditis 
is sometimes severe enough to produce congestive 
failure or conduction defects. With the onset of 
renal insufficiency and hypertension, cardiac en- 
largement and failure are even more likely. Warty, 
abacterial vegetations sometimes appear on the en- 
docardium. They may be a locus of bacterial 
endocarditis. 

The concurrent existence of rheumatic heart 
disease and polyarteritis has been recognized for 
many years and, of course, is one of the arguments 
for hjpersensitivity as a common factor in the 
etiology of these two diseases. 

Gastrointestinal. Abdominal pain, nausea, wmit- 
ing, diarrhea, and intestinal bleeding are often 
early and outstanding manifestations. Features of 
multisystem" disease are sometimes preceded by 
an episode of clinically uncomplicated appendicitis, 
cholecystitis, or pancreatitis. Later, confusing indi- 
cations of systemic disease appear or abdominal 
pain continues. Recognition that it is associated 
with disease in otlicr organs may lead to the correct 
diagnosis. 

Depending upon the extent and localization of 


vascular disease, many intraabdominal disturbances 
occur: focal pain-, acute diffuse pain without End- 
ings at laparotomy; focal or diffuse bleeding, some- 
times massive; intraabdominal hematomas mistaken 
for tumor, cyst, or aneurj’sm; perforation of a 
viscus (especially the gallbladder) ; mucosal ulcera- 
tions; infarction of the gut. 

A moderate degree of hepatomegaly is usual. 
Decause the hepatic arterial and venous radicles 
can be involved in the disease, there may ensue 
enough vascular insufficiency to produce true in- 
farction of the liver parenchyma. Indeed, poly- 
arteritis is the most frequent cause of large hepatic 
infarcts. Pain, friction rubs, and jaundice signal 
massive infarction. Smaller foci of destruction heal 
with scarring that, in a single biopsy specimen, 
resembles a cirrhosis. 

Spleen and L^mpJi Nodes. Lyrophailenopathy is 
not characteristic of polyarteritis. Mild splenic en- 
largement is present in about one-third of the 
cases. Rarely, splenic infarction or hemorrliage 
around the spleen has been observed, the latter 
simulating a large tumor. 

Cenftourinari/. Some type of lenal involvement 
occurs in at least SO per cent of patients. Often tliis 
becomes clinically evident only late In the disease. 

Rupture of a renal arteiy can produce a large 
perirenal hematoma, and on many occasions, this 
has been mistaken for a tumor or cyst Renal fn- 
fareis are not infrequent. However, focal or diffuse 
glomerulonephritis is by far the most Important 
renal lesion in polyarteritis. It can be severe and 
progressive, is olten accompanied by h>pcrtcns5on, 
and Iwds to death in uremia or congestive heart 
failure. 

Hypertension sometimes fluctuates so strikingly 
that pheochromoc)'toma is suspected. 

The v^scls of the bladder may be affected, pro- 
ducjng changes resembling “hemorrhagic cystitis " 
The testes and epididymis are frequently involv'ctl, 
testicular infarction with severe pain and subse- 
quent atrophy is more frequent in polyarteritis 
nodosa than in any other single condition. 

Nercous System. Peripheral iiciirifts, a result of 
inflammation of nutrient vessels, is the most com- 
monly encounlerefd abnonn.iIity of nervous fiinctiou. 
It is often one of the first and most marked dis- 
abilities. Indeed, in any obscure illness, the appear- 
ance of neuritis should immediately call to mind the 
possibility of polyarteritis. In about half the affected 
cases, involvement is mononciiral; in the otlieis a 
^•mmctrical polv-ncuritis, more severe in the lower 
extremities, is seen. Severe pain is common, and 
U>e sensory deficit frequently exceeds Uie motor. 
Regression of the neuritis is characteristic. 

Involvement of carotid, vertebral, meningeal, or 
deep cerebral vessels can lead to hemiplegia, trans- 
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verse myelitis, conNiilsIons, cerebellar dysfunction, 
axtrapyramidal disorders, optic atrophy, or sub- 
arachnoid liemorrhage. 

Cranial palsies are not common; the facial nerve 
is most frequently involved. ImplicaUon of the 
meninges may result in changes in the spinal 
fluid suggesting aseptic or lymphocytic meningitis. 

Laboratory Findings. Polymorphonuclear leuko- 
cytosis is the rule, total counts of 40,Q00 or more 
being seen. Mild eosinophilia occurs in 20 to 30 per 
cent, and striking eosinophil counts are occasionally 
found. The sedimenlaticm rate is elevated; mild 
anemia, even in the absence of uremia, is frequent. 
It may be hemol}iic and associated %vith a positive 
Coombs test. 

The urine may show protein, erytlirocytes, leu- 
kocytes, and a variety of cellular and noncetlular 
casts, so-called "telescoping" of the sediment 

False positive serologic tests for syphilis are 
found in a small number of cases, and many serum 
profem changes including hyperglobulinemia, cryo- 
globuhnemia, macroglobulinemia, as well as dr- 
culating anticoagulants have been reported 

Diagnosis. Abdominal pain, muscular aches, 
cripheral neuntls, evidence of renal disease, or 
ypertension in a setting of weight loss, fever, and 
leukocytosis ate the predominant clmi^ features, 
but variation Is endless. The process may run an 
acute, subacute, or chronic course over a period of 
mont^ or years. Spontaneous recovery can occur. 
Periods of remission of varying length may punc- 
tuate the indolent evolution of a bewildering array 
of seemingly unrelated disorders. Careful seardi 
for cutaneous nodules and repeated attempts to 
confirm the diagnosis by biopsy examination ate es- 
sential Skin or muscle is probably the best tissue for 
examination. Lymph nodes svill rarely gir’e the diag- 
nosis. Renal biopsy often shows glomerular disease, 
but the specific diagnosis of polyartentis is dilBcult 
to establish on this basis. Liver biopsy is very un- 
likely to shosv the vascular lesion, although, on rare 
occasions, the diagnosis has come from examination 
of this tissue alone. It is important to take skin and 
muscle from an area of tenderness, where possible. 
Because the demonstration of arteritis is the only 
method for establisliing the presence of polyar- 
teiitss, repeated biopsy exandnations are in order. 

Treatment. The long-term use of corticosteroids 
as outlined in the section on systemic lupus eiy- 
tlicmatosus (p. 1896) is the only presently avaU- 
nble therapy of any value. Aldiough use of these 
agents may result in further injury to tissues by 
virtue of occlusion of vessels secondary to the heal- 
ing process, this also happens spontaneously, and 
there is no choice. \Vhile on corticosteroids, the 
patient's adherence to a modified ulcer program 
is essential. One must be constantly on the lookout 
for secondary bacterial and other infections which 
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not infrequently complicate tlie disease and which 
may easdy be overlooked as a part of the primary 
disease process. 
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OQQ SYSTEMIC LUPUS 

AjO erythematosus 

Philip A. Tumulty 

Definition. Systemic lupus erythematosus (SLE) 
IS manifested by charactenstic inflammation of the 
skin, mucosal surfaces, serous membranes, and 
singly or in combination, other organs including 
the kidney, heart, lung, and brain. The disorder 
tends to evolve episodically over a span of years, 
although it may run an acute, fulminating course. 

Incidence and Etiology. Systemic lupus erythe- 
matosus V8 three to four times more (tequent in 
women especially during the third and fourth dec- 
ades. It appears at any age, in Negroes and whites 
and, while familial occurrence of the full-blowm dis- 
ease IS rare, there is some evidence impbeating a 
congenita] susceptibibty to the disease. Systemic lu- 
pus erythematosus is not uncommon, indeed, its in- 
cidence seems to be incrca.sing at a rate that can- 
not be explained solely by better diagnosis. Ex- 
posure to sunbght; various stresses, such as surgery, 
trauma, and pregnancy; and taking of drugs have 
often seemed to precipitate an exacerbation of the 
disease. A lupusbke illness may follow the chronic 
administration of hydralazine. Upper respirator)’ 
infections sometimes precede the initial appearance 
of ^miptoms. An allergic mechanism has been 
suggest^, and the frequency with which patients 
with SLE develop hj’penensitivify to drags and 
other substances is impressive. There is abundant 
evidence for a pecuLar alteration in immune mecha- 
nisms as a major feature of the disease, and it is 
possible that so-called autoimmunity may prove to 
be important etiologlcally. In almost all patients 
with lupus, the serum eventually shows abnormal 
y-globulins which behave as antibodies. Serum 
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factors that interact with erythrocytes, while cells, 
platelets, kidney, heart, liver, and thyroglobulin 
have been demonstrated. The Wassermann reaction 
is frequently positive, and the rheumatoid factor 
(see p. 1911) is found in approximately 20 percent 
of lupus serums. 

The LE factor which promotes phagocytosis of 
nucleoprolein is the basis for the convenient diag- 
nostic test. However, many patients also possess 
serum antibodies to whole nuclei and nucleopto- 
tein, to DNA, to histone, and to a water-soluble 
extract of cells (perhaps RNA). Anticytoplasmic 
factors may be present, as well. Whetlrer these 
abnormal substances have a direct causal relation- 
ship to lupus or are merely manifestations of some 
more fundamental disorder is still obscure. There 
is no consistent correlation behveen their presence 
and the manifestations or activity of the disease. 

Tathology. The typical histologic alteration is 
swelling of the collagen, "fibrinoid” changes in the 
ground substance, and infiltration of polymorphonu- 
clear leukocytes, plasma cells, and lymphocytes. 
Such connective tissue lesions have been observed 
in almost all structures of the body, the more strik- 
ing examples being found in the walls of small 
arteries and arterioles, the skin, spleen, glomeruL', 
endocardium, and serous membranes. Hematoxylin 
bodies, remnants of injured nuclei closely resem- 
bling the inclusions in LE cells, may occur in as- 
sociation with these lesions and are pathognomonic. 

Manifestations. Fever, malaise, weakness, ano- 
rexia, weight loss, and other evidences of debility 
^vithout apparent localization of the disease ore 
very common, 

Skin and Mucota Membranes. Cutaneous lesions 
occur in 83 per cent of patients, usually early in the 
course but sometimes late. They may appear alone, 
or with disorders of other organ systems. The le- 
sions have been confused with lichen planus, sebor- 
rhea, sarcoidosis, psoriasis, scleroderma, erythema 
multiforme, dermatomyositis, eczema, rosacea, and 
drug reactions. Pleomorphic erythematous maculo- 
papular eruptions, often symmetrical, appear most 
commonly on the face, neck, and extremities. The 
"typical” malar butterfly appears less often. Quite 
characteristic of lupus are vascularized lesions round 
the nail beds and the tips of the digits, with even- 
tual thinning and atrophy of the skin in these 
locations. Patchy edema, blebs and bullae, or small 
areas of ulceration may appear. In chronic lesions 
the skin becomes thickened, scaly, and atrophic. 
Urticaria, altered pigmentation, and alopecia are 
common. Erythema nodosum and purpura are 
frequent, and the patient may be thought to have 
idiopathic thrombocytopenic purpura. 

The mucous membranes are usually involved only 
during severe exacerbations of the disease, sho\ving 
ulceration or hemonhagic foci. 
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Raynaud’s phenomenon sometimes precedes other 
evidemecs of SUE by several years, although this is 
noted more frequently in scleroderma. 

Approximately 1 per cent of patients who are 
belle%^ to have "discoid lupus” of the skin e\’en- 
lually develop manifestations of SLE. 

Lymphatics and Spleen. Lj-mphadenopathy, es- 
pecially cervical and axillary, is sometimes so promi- 
nent that the diagnosis of lymphoma or tuberculous 
adenitis (which sometimes complicates SLE) is 
suggested. Mild splenomegaly is frequent, but very 
large spleens are rare. 

Sfuscufoskefetai. It is unusual for SLE to run its 
course without involvement of the joints, which is 
often the earliest and only abnormality, sometimes 
for a prolonged period. Acute migratory polyar- 
thritis closely simulating rheumatic fever even in its 
dramatic response to salicylates, arthralgias without 
objective changes, and deforming arthropathy in- 
distinguishable from rheumatoid arthritis are all 
seen. The concomitant occurrence of SLE and 
rheumatoid disease cannot be excluded in many 
patients, but it can be stated that deformities once 
considered to be characteristic of rheumatoid arthri- 
tis are frequent in patients with unequivocal SLE. 

Muscle atrophy and weakness can be so pro- 
nounced that patients may be suspected of having 
dermatomyositis or dystrophy. It may be difficult 
or impossible to distinguish lupus from dermato- 
myositis on either clinical or histologic grounds. 

Aseptic necrosis of bone, particularly of the 
femoral bead, has been noted in SLE, although the 
role of long-term adrenal steroid treatment in its 
genesis remains to be worked out. 

Eyes. Nonspecific retinal hemorrhages and exu- 
dates are not rare, and conjunctivitis is common. 
More helpful diagnostically is the finding in 10 to 
20 per cent of patients of small, round or oval, white 
opacities adjacent to vessels in the central fundus. 
These "cytoid bodies” are believed to represent foci 
of retina] neural degeneration secondary to occlu- 
sion of small vessels. 

Lungs and Pleura. Recurrent episodes of pleurisy 
are very common. Effusions are usually small; mas- 
sive hydrothorax should suggest a compLcating in- 
fection such as tuberculosis. 

Pulmonary infiltrates, especially in the basilar 
segments, can be a direct result of SLE, as can 
more extensive involvement which may mimic 
miliary tuberculosis or lymphangitic carcinomatosis, 
and lead to respiratory msufficiency or cor pul- 
monale. Howev'er, no pulmonary lesion in a patient 
xvitb SLE should be accepted as primaiy until com- 
pbeating infection has been excluded. Lupus in- 
filtrates may persist xv-ithout changes for many 
months. The finding by x-ray of the combination of 
multiple platelike areas of atelectasis at the bases, 
elevation of the diaphragm, and pleuritis is prob- 
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ably the one tliat is most suggestive of SLE. Ab- 
normal ph>sical signs are not prominent Arteritis 
of pulmonary vessels may result in hemoph-sis, 
cavnty formation, or lung abscess, if secondary in- 
fection occurs. 

CordiocnscHlar. Pericaidibs is very frequent, but 
significant effusions are unusual although tampon- 
ade has been observed. A complicating bactenal 
pericarditis requires exclusion. 

Typical flat vegetations occur on the heart valves, 
especially the mitral. Unlike the lesions of rheumatic 
feser which follow the line of closure, lupus vege- 
tations are found under the valve leaflets, in the 
commissure These so-called Libman-Sacks v'egela- 
tions do not usually interfere with valve function, 
but rare instances of mitral stenosis or insufficiency 
attribul.ible to SLE arc knosvn. Tliey may form a 
nidus for bacterial endocarditis. 

Myocarditis is not evident clinically In most 
patients but may result in congesb'se failure and 
various conduebon abnormalities. 

Lesions of the arteries indistinguishable histo- 
logically from those of polyarteritis nodosa save for 
a paucity of eosinophils are frequent in SLE. This 
type of vascular change can lead to disordered 
function of any organ system sometime during the 
course of the disease .and is responsible for many 
puzzling clmlcal manifestations. 

Castroin/estindl. Any portion of the esophagus, 
stomach, or intestine m’^y be involved by infarcts 
or ulcerations, the majority of which are Initiated 
by arterial changes The result may be dysphagia 
and changes simulating scleroderma, or massive 
hemorrhage, dianhea, or focal abdominal pain. A 
malabsorption syndrome may be consequent to 
diffuse intestinal changes. 

Mild liepatomegaly is frequent, but jaundice or 
o\crt evidence of disordered liver function is rare. 
So-called lupoid hepatitis is discussed on p. 1679 
Kidneys. Focal or diffuse glomcrulonephnlis with 
or without classic "svire loop" changes is present in 
the kidneys of a majority of patients who die with 
SLE The basic renal alteration is a gloroeiuhtis. 

Episodes of acute nephritis, a typical nephrotic 
syndrome, and varying degrees of chronic renal 
impairment are very common Microscopic hema- 
turia, red blood cell casts, and protcinuna are the 
usual urinary' findings, but occasional patients may 
show heavy pyuria without hematuna. It is not 
unusual for patients with relatively normal urine 
and renal function as measured by the usual tests 
to show extensive histologic alterations in renal 
biopsy specimens. This clinical-pathological para- 
dox in which abnormal urinary findings oppear late 
in the course of the renal lesion prob.ibIy explains 
the apparent abruptness of renal failure bi some 
individu.ils with SLE. 

Recovery from episodes of acute nephritis is 
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common, but tlie appearance of renal impairment 
of significant degree is an ominous sign. In the 
absence of renal failure, sustained hypertension js 
unusual in uncomplicated SLE. 

It is appropriate to mention the relative fre- 
quency of complicating pyelonephritis in SLE and 
the consequent necessi^' of differentiatmg bacterial 
infection from the primary disease. 

CeniraJ Ncrcous System. Many abnorm.'dities cafi 
occur; because these are produced by vascular 
lesions of varying extent and location, no typical 
pattern results. Psychotic episodes, convulsion#, 
hemiparcses, and transient cranial palsies are rela- 
tively common. Peripheral neuritis and spinal coril 
lesions are extremely rare. Epileptiform seizures iA 
patients with SLE have often been mistaken initially 
for the idiopathic variety, and similarly, SLE may 
be recogniz^ only after a patient has been treated 
for several episodes of p^’chotie behavior of un- 
known etiology. 

Sterile meningitis with fever, headache, and poly- 
morphonuclear pleocytosis can occur in SLE, some- 
times m the absence of other chstinctiv e signs of ihU 
disease. Cryptococcosis and tuberculosis may com- 
pbcate the course of SLE and require exclusion. 

Generally, significant disorders of Ae nervous 
system signify a severe exacerbation of the disease 
and demand immediate therapy. 

Other Organs. Systemic lupus erythematosus 
associated with tlie Sjogren syndrome (p. 1917) 
and Hashimoto’s disease of the ihy'roid (p. 598) 
with considerable frequency. It is not surprising thaf 
this has led to mudi discussion of autoimmune 
mechanisms in the etiology of all three diseases. 

Laboratory’ Pindings. The peripheral leukocyU' 
count is usually normal or depressed, although com- 
plicating bactenal infeebon may induce a brisk 
leukocytosis Ev’en with marked leukopenia, thS 
differentia] count remains normal; appreciable neu- 
tropenia is not characteristic of SLE. 

Moderate anemia is common, but severe anemia 
IS not. Hemolytic anemia can occur and may' 
dominate the clinical course; the Coombs test 
sometimes positive, and a primary hematologic 
disorder is often suspected initially in such cases- 

Thrombocytopenia with purpura is a rather fre- 
quent presenting manifestation. Splenectomy ha# 
led to amelioration of the platelet deficiency in thes<? 
patients. In one well-studied group of pab'ents vvitl' 
“idtopalhic” thrombocytopenic purpura, splenec- 
tomy was effective but, in subsequent years, othe# 
stigmas of SLE made their appearance. A reviev^' 
of the histologic sections of the spleens showed the 
typical “onion-peel” lesion of small artenes in every 
case. Underlying SLE should be suspected in an/ 
patient with thrombocytopenia and, of course, d 
splenectomy is done, a careful search for tliesfi 
diagnostic lesions is in order. 
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In a few instances circulating anticoagulants have 
been demonstrated. 

About 15 per cent of patients with SLE show 
chronic biologic false posiiive tests for sijphilis. It 
is now well recognized that this finding may precede 
the onset of overt symptoms by many years. The 
etiologic significance of false positive serologic tests 
and of the even more frequent elevation in scrum 
globulin, usually the gamma portion, in terms of a 
basic abnormality of immune mechanisms is strongly 
suspected but not yet completely established. 

Approximately 80 per cent of patients with SLE 
will eventually be found to have positiv’e LE cell 
tests. The cells are often present intermitfeotly 
during the course of the disease, or more properly, 
the plasma LE factor responsible for the formation 
of the cells is present intermittently, and repeated 
tests are indicated in any case of suspected SLE 
There are scattered reports of the occurrence of 
LE cells in other disorders (hepatitis, cirrhosis, drug 
reactions, rheumatoid arthritis). However, the rela* 
lively rare e.xceptions in no way detract from the 
great diagnosb'c significance of the test for SLE. 
The presence or number of LE cells in the blood 
at any given time is not correlated wth acUwty 
of the disease and is not an index of therapeutic 
effect. 

Finally, it is not surprising that such tests as 
those of cephalin flocculation and thymol turbidity 
are frequently positive in patients with SLE; this 
is nearly always a result of abnormalities in serum 
proteins which are unrelated to any disease or 
d) sfunction of die liver. 

Diagnosis. The course of SLE may be short and 
fulminant. More often, it is prolonged for several 
or many years. The characteristic feature of its 
natural course is episodicity, periods of activity of 
the process of varying length and severity being 
followed by periods of remission for months or 
years. During episodes of activity one or more of 
the organ systems may be involved, either singly or 
in a wide variety of confusing combinations. This 
can make diagnosis exceedingly difilcult. Not only 
Js the physician who is confronted by an isolated 
exacerbation of pleurisy or febrile lymphadenopalhy 
likely to conclude that he is dealing with a disorder 
that affects those tissues only, but the significance 
of past bouts of seemingly unrelated illness is dif- 
ficult to appreciate. The common clinical manifesta- 
tions of SLE are fever, malaise, anorexia, etc., 
which, of course, are completely nonspecific. There- 
fore, in few other circumstances is it more important 
to interpret a patient’s complaints in terms of his 
past history. Previous episodes of pneumonia, pleu- 
risy, purpura, or dermabTis (especially foHoxring 
exposure to sunlight) would certainly gh’e new 
meaning to a current attack of arthritis. ^Mien 
confronted by an illness with a confusing array of 


disorders, one must realize that this is typical of 
SLE. Among the diseases that have been confused 
with SLE are: 


Rheumatic fever 

Nephrosis 

Rheumatoid arthritis 

Ulcerative colitis 

FeJ^s S3mdrome 

Meningitis 

Various skin disorders 

Cerebrovascular accident 

Dermatitis medicamentosa 

Epilepsy 

Syphilis 

Psychosis 

Idtopathic thrombopenic 

Drug reaction 

purpura 

Septicemia 

Hemolyhc or other obscure 

Dermatomyositis 

anemias 

Scleroderma 

Leukopenia due to other 

Tuberculosis 

causes 

Trichinosis 

Virus pnetimonia 

Brucellosis 

Chronic basilar infection 

Bacterial endocarditis 

Raynaud’s syndrome 

Lymphoma 

Fever of undetermined ori- 

Sjogren's syndrome 

gin 

Periartentis 

Acute or chronic nephritis 

Hepabtis 


In addiUon to the LE test, biopsy examination of 
skin lesions or a lymph node may establish the 
diagnosis. Muscle or renal biopsy is less likely to be 
diagnostic, although valuable addibonal evidence m 
support of SLE is often found. 

Treatment. No curab've therapy Is known. How- 
ever, with judicious management, the disease can 
often be controlled well enough for patients to 
lead active hi’es with a mmunum of disability or 
discomfort. 

General. Direct exposure to sunlight should be 
shunned. Also to be avoided in so far as possible 
are elecb've surgery, trauma, emotional stress, non- 
essential drugs, and serum products, including 
transfusions, all of which appear to be capable of 
"triggering” an cxacerbabon of SLE. The role of 
pregnancy is not clear cut, in some patients it 
appears to activate the disease, in others not. One 
can advise a patient only b>’ balancing the seventy 
and extent of illness against her desire for a family. 

For many patients, the unqualified term "lupus” 
has come to have as bad a cormotab'on .as “cancer" 
or "leukemia,” and thoughtless use of it should be 
avoided. Tlie physician must use all his ingenuity 
in maintaining the pabent’s morale during the 
course of SLE, which can encompass many' years. 

For reasons not yet clear (perhaps related to 
dysproteinemia or to adrenal steroid therapy) pa- 
tients with SLE seem prone to bacterial infections, 
which they resist poorly'. The therapeutic implica- 
tioDS of realizing that all manifestations of illness 
in these patients are not necessarily duectly attrib- 
utable to SLE are obvious. 

Specific. Antimalarial drugs sometimes help to 
control discoid skin lesions, but their relative inef- 
fectiveness and untoivard side effects L’mit iheiT 
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Tile principal change is s«'elling, h)^crtropliy, and 
condensah’on of collagen with the formation of 
dense, compact connective tissue. Early, there is 
variable inflammation, but this rarely persists. In 
the skin, there is atrophy of the epidermis and ap- 
pendages, increase or decrease in pigment, and 
often, calcinosis. The increased connective tissue 
leads to atrophy of skeletal, smooth, and even car- 
diac muscle. The walls of small arteries and ar- 
tenolcs undergo “fibrinoid" changes leading to oc- 
clusion and secondary ischemic alterations. 

Manifestations. Depending upon the site of pre- 
dominant involvement, patients vvilli scleroderma 
may present in many guises: (1) local or diffuse 
thickening of the skin, with pigmentary changes or 
telangiectasis, (2) na}'naud’s syndrome with sclero- 
dactylia, (3) diffuse calcinosis, (4) dysphagia, 
dj-spepsia, abnormal intestinal motility, or the mal- 
absorption sj’ndrome, (5) pulmoriary cysts, fibrosis, 
bronchiectasis, or cor pulmonale, (6) hypertension 
and uremia, (7) myocardial failure or pericardial 
disease, (8) arthritis, muscle weakness and atrophy, 
(9) subarachnoid hemorrhage, focal cerebral dis- 
ease, (10) neurasthenia. 

The skin and subcutaneous tissues may be 
involved in a diffuse or focal manner. The focal 
form may occur as patches, often about the neck 
(morphea), as linear streaks sometimes following 
the course of nerves or blood vessels, or as sclero- 
dactylia. The process may start as the focal t}^^, 
later becoming diffuse. Either may become asso- 
ciated with visceral involvement, which likewise 
may be focal or diffuse. Sometimes the visceral 
component is clinically hidden and is brought to 
light only by special studies, or is revealed at post- 
mortem examination. Generally, the intcgumcntaiy 
changes precede the visceral, sometimes by many 
jears, but occasionally the reverse happens. 

Constitub'onal s)’mptoms such as fever are not 
prominent. Progressive weakness, weight loss, and 
musculoskeletal aching are early accompaniments, 
and Ray nand's phenomena may precede other mani- 
festations by many years. 

Integument. The evolution of the changes in skin 
and subcutaneous Ussue is usually edema and 
induration progressing to atrophy, but in the indi- 
vidual patient, these are seen singly or in combma- 
bon. Alterations in pigment and a variety of 
'■ascukir lesions such as telangiectasis and currant- 
like dilatations of vessels in the skin or mucous 
membranes are common. The upper cxticmilics, 
tnmk, hc.nd, and lower extremities tend to be in- 
'ohctl in Sequence. The skin develops a waxy 
liardncss and luster. The face becomes expression- 
l«s, and the nose, cars, and lips appear smaller, 
dimncT, and sharper. If the process extends to the 
buccal mucosa, talking and swallowing m.ty be 
ddficulL The finger tips tluclcn and shorten, the 


overlying skin atrophies, and often, numerous tiny, 
painful, pitted ulcers appear. These may heal with 
scarring but can become chronic, with deposition 
of calcium and extrusion of chalky material. Calcium 
may be laid dowTt elsewhere in the skin and sub- 
cutaneous tissues. Axillary and pubic hair arc 
usually lost, but except for atrophy, (he nails are 
usually spared. 

Costromfcsfmol Tract. The replacement of 
smooth muscle by overgrowth of dense fibrous 
tissue which can occur scgmentally or diffusely 
eventually leads to motor disturbances, loss of pro- 
pulsive pow-er, and dilatation. Changes in sub- 
mucosal blood vessels may cause ulcerative lesions. 
The frequency of involvement is in tlie following 
order; esophagus, duodenum, fej'tmum, and colon. 
The seventy of these visceral changes is unrelated 
to the degree of dermal involvement; csopliagcal 
or intestinal symptoms may precede or follow the 
external alferaUons. They are often asymptomatic 
and unnoted unless disclosed by x-rajs or other 
special studies. 

The esophagus becomes stiffened, wide, and 
patulous with diminished or absent peristalsis Rc- 
llux of gastric contents can lead to esophagitis and 
distal narrowing. While patients may complain of 
dysphagia, heartburn, etc., striking functional de- 
rangement is often disclosed by appropriate x-ray 
studies in an individual who has had no symptoms, 
and when scleroderma is suspected, the esophagus 
should be investigated. The typical functional 
changes are best demonstrated by intubation with 
balloons. 

The small intestine is more often affected than 
has heretofore been recognized. X-ray findings arc 
marked dilatation of affected segments until ady- 
namic function. Intestinal loops may be dilated from 
the normal of 2 to G cm to more than 5 cm Clm- 
ically, there may be diarrhea, constipation, hlo.nting. 
cpis^es simulating obstruction, or frank malabsorp. 
tion with all the usual nutntional complications (sec 
p. 554). 

The colon may be affected by similar organic and 
functional changes, resulting m a large s.ncCTibtcd 
organ wnth decreased motility. 

Lungs. Diffuse fibrosis with obliteration of alveoli 
and distortion of the air passages and, occasionally, 
tlic development of multiple small cysts is directly 
attributable to the basic disease process. Addition- 
ally, limitation of movements of the chest wall anil 
weakness of tlic diaphragm can aggravate live 
alvcolocapillory block by superimposing hypoven- 
tilation. A third source of pulmonary disease is 
aspiration of ingested food as esophageal dys- 
function progresses. Widespread histologic changes 
may be present in the hmgs even though i-rays of 
the rfiest sIkiw surprisingly little, or the patient mav 
have fov symptoms and a normal physical eramiru- 
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Q AA MISCELLANEOUS AND 
Oyjyj RARER DISEASES OF 
CONNECTIVE TISSUE 
Philip A. Tumulty 

TEMPORAL ARTERITIS 

Definition. Temporal arteritis is a disease of un- 
Imown etiology characterized by granulomatous 
inflammation of the temporal arteries, headache, 
blindness or lesser visual disturbances, and asso- 
ciated systemic reactions such as fever, malaise, 
and weight loss. Other cranial and systemic arteries 
may be involved. 

iidividuals in the age group fifty to eighty are 
principally affected, women pteponderanUy. No 
familial or other predisposing factors are recog- 
nized, although occasionally the disease has seem^ 
to follow respiratory infections. 

Pathology. The histologic alterations involve the 
entire arterial wall, particularly the media. Areas 
of necrosis are accompanied by diffuse infiltration 
of cells, predominantly mononuclear. Giant cells 
are conspicuous. The vessel may become throm- 
bosed, but aneurysms are rare. Veins are occasion- 
ally affected. These changes are often segmental, 
an important consideration in obtaining adequate 
material for biopsy examination. 

Manifestations. The disease may run its course 
in a few months or may last for 3 years or more. 
The mortality is estimated at 10 or 15 per cent. The 
principal systemic manifestalions are fever, malaise, 
wealcncss, anorexia, weight loss, and musculoskele- 
tal aching, the latter sometimes accompanied by 
muscular atrophy or peripheral neuropathy. Some 
patients are confused or disoriented. 

A mild Icukocyiosis with shift to the left, in- 
creased sedimentation rate, and moderate anemia 
are common. There may be striking roiilc.aux forma- 
tion of the red blood cells. Eosinophilia is not 
prominent. An abnormal scrum electrophoretic pat- 
tern with, hypergammaglobulinemia may be present. 

Se\ere tlirobbing headache associated >vith a red, 
swollen, lender, n^ular, and thrombosed temporal 
artery or arteries is one of the chief local manifesta- 
tions. The vessel maj* rcm.nin normally pulsatile 
nItJiough invoh'cd histologically. There may also 
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be pain in the scalp, the face, the e)’es, or the 
tcmpcromandibular joints. Tlie last may cause 
difficulty with eating and speech. 

Of great importance are the visual corn-plications 
whidi occur in about one-half tJic patients. While 
these changes are usually closely associated in 
time with the local manifestations of temporal 
arlerib's, they occasionally precede it, or follow 
after a period of prolonged remission and appear 
to be primary. One or both eyes may be affected. 
There is no clear-cut relationship between the de- 
gree of involvement of the temporal or other arteries 
and the eyes. Ophthalmoplegias and transient di- 
plopia may occur. Impairment of vision may be par- 
tial or complete, transient, or permanent, and 
usually occurs in the first 10 months of the disease. 
The onset may be sudden or gradual, and although 
there is usually some residual defect, surprising 
recovery of vision mav take place, even after as 
long as 5 days of total blindness. Tlie loss of vision 
IS often strikingly out of proportion to changes 
visible ophthalmoscopically. An ischemic optic 
neuritis and closure of the central retinal artery 
or its branches are tlic changes most often seen, btit 
the retina may be normal in appearance. The 
repeated episodes of transient loss of vision in 
older indiv-iduals may be confused with athero- 
sclerotic blockage of the internal carotid arteries 
The correct diagnosis may be made difficult in the 
absence of local indications of a temporal arteritis 

There may be other localized manifestations, 
depending upon the arterial segments invoh'ed 
There are reports of similar granulomatous changes 
occoning in various branches of the cranial, coro- 
nary. renal, mesenteric, and other vessels. 

Treatment. Adrenal corticosteroids h.'J\'e been ef- 
fective in suppressing (though not eradicating) the 
inSammalory process, relieving local and systemic 
symptoms, usually w-ithin a few days. Treatment 
may be required for many months, depending upon 
the degree of continued activity of the process, 
and a program similar to that outlined for sj’stcmic 
lupus should be followed (p 1899). The use of 
adrenal steroids has been so effective in prcvcntini; 
blindness or other pennanent visual disability in 
temporal arteritis tliat treatment should Ire licguii 
whenever there is reason.ible tm'dt’ncc for the diag- 
nosis. Procaine block or surgical resection of the 
affected segment of the temporal artciy may lie of 
benefit in relieving the local pain due to this 
process. 

REL/\PSINC FEBRILE NODULIR 
NONSUPPURATl\X PANNICULITIS 
(Weber-CIirislian Disease) 

Definition. Relapsing febrile ncxliilar noiisuppii- 
ratis-e panniculitis (W'cbcr-Christian disease) is 
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charactciizi-d by recurrent lender or painless In- 
flammatory nnd necrotic nodules fn tbe pannlctilus 
ndiposus, fever, malaise, and other s) stemic mani- 
festations. 

ratholo^y. Tlie nodules consist of necrotic folly 
tissue Infiltrated willi ljTnphoc)tes, plasma cells, 
and inacropliagcs. Foreigrt body pi-int celb arc often 
present, nnd a few vessels may show a perivasai- 
litis. Healing occurs nith scarring and atrophy, 
resulting in. characteristic areas of dcprr^slon In 
the skin. Similar alfernlionj have also been nolcd 
in the cpienrdial, perip-mcreatic. pcriadrcnal, peri- 
renal. and mesenteric fat. A fatly liver has been 
obsers'Ctl In a few patients and fat emlwh In the 
lungs of at least one. Tlie spleen is soincUmcf 
enlarged. Tlie cause of these cliangcs Is unlnouTi. 
Possibilities include a response to some primary 
disturbance of fat metabolism and ln|iiry proditecO 
by an infection, toric states, drug re-iclions. or 
trauma. 

Manifestations. Tliis disease usu.illy otctin be- 
tween the ages of twenty and forty Formerly 
regartlcd as primarily a disease of svomen (often 
o^se), it is now known to affect men snth con- 
siderable frequency'. 

The Illness commonly begins insidiaiisly. «ith 
the appearance of subcutaneous nodules These 
may occur on any part of the body, but arc usuallv 
confined to the Iniglis. buttocks, legs, abdomen, 
bfcasli. and arms, lesions vary from 0.5 to 
more than 10 cm in diameter and are usually very 
tender but, In rare cases, arc painless They are 
freely movable, and the overlying skin is usually 
red or violaceous. 

With the apnearanoe of the nodules, the patient 
generally tlevelons chills, fevTr, m.iLiisc, nausea, 
and musculoskeletal aching. Splcnomeg.aly and 
regional adenopathy are not rare. Tlie nodules do 
not suppurate, but In some instances an oily liquid 
is extruded from them. 

The process subsides sponlancmisly after days 
or weeks, only to recur in weeks, months, or yc-its 
Tlie only residua arc concave or dimpled areas in 
the skin. These atrophic depressions arc character- 
istic and (otto an important diagnostic ffaturr 
Death duo to the uncompIic.sted disease Is imtisiial. 
The white blood cell covmt may be motlcralely 
clevalctl, or there may be a Ieukopcnl.i. Sometimes 
tlvcre is a mild anemia. 

This condition must be dislinguishcsl from lipo- 
matosis, adiposis dolorosa (Dcrcum's disease), ery- 
thema nodosum, erythema induratum (p 1924), 
s.arcold (p 1240), nnd insulin atrophy. A biopsy 
may bo helpful, but biopsy wounds are said to heal 
slowly 

Treatment. Present methods arc «ns.alisfoctory. 
Sulfonamides and antibiotics are of no benefit, fn 
some cases, adrenal corticosteroids have produced 
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transient symptumallc relief with disappearance e( 
fever and notlules, anti tills tlumpy sliotiU Iw tiiol 

wTcrsr.n’s chanulomatosis 

Definition. Wcgrncr’i granulomatous Is a ryn- 
drome of unknown etiology ch.iracterized l>y neertv 
tiring gramilomatnus lesions, generahm! artentis, 
and gkimerulonrphrjtis Klinger rrportw! the £nt 
case in 1031, and \\Vg«ier dr-unlnxl the fealurr* 
which distinpiub tliis muirnme from other forms 
of angiitis 

Indivitliials of any age may be offel^cd, mo«t 
commonly those in ihe fourth and fifth dreadrs- 
Tlieir past health ha* generally bes'n goo<l. ssil-h 
tin untisiul allergic hicicmimfl The oufeome cf 
the disease h.vs been fatal in most rccognizeii can's, 
generally after D to 8 months, although oceasien.iIIy 
tlie course is intenmlltnl or lubacutc for 2 year* 
or more 

ratholog). nuTt* arc three fr.iturrs of the hi*' 
tologic alterations' (1) necrotirJng granulomas to 
the upper and ^or lowrr respiratory tract, (2) 
focal infUmmafory Inions of arteries and vrinl. 
usually widely disseminated, (3) focal glomeniliW 
Because simlkir changes occur In bypcrsensitnity 
states and also fn those producttl fspcrimenlally, 
this process h.i! been reganles! as a manifestation 
of almormal immune meclianistm 

Manifestations. T1>e characlcfisilc clinical trvid 
consists of Intractable rhinitis and sinusitis, nodular 
pulmonary l«iwis, ami terminal urrmii. Tlic Cnt 
symptoms are imi.slly respiratory, the patient com* 
plaining of persistent rhinitis or iinusilis. chronic 
cough, hemoptysis, pleurilis, or pneumonia Some- 
times. however, the Initi.il features are fever, weak- 
ness. malaise, nnd weight loss, tlie rrspimtory dis- 
order becoming prominent samewhat later Tl'C 
course Is usuallv relentlessly progres.si\-e Ulccratinn 
ami erosion of cartilage and bone may occur in the 
nasal passages nnd sinuses, rwiilling in s.iddle iv»e 
slcformlty There may be orbital extension with 
papiJlrtls. chcnuisls, and cjophlLibnos. Any portion 
of the lungs may become Implicatrxl by noJubr 
xlcswiUra. inegukvr infibrates, or cnvilalion. nnd 
secondary bacterial infecUon may comphcalc these 
cliangcs. 

Other organs which may be affected include the 
heart, brain, meninges, pciipheral nerves, joint*, 
muscles, skin, hver, pancreas, mloslirie. adrcn.ib. 
prostate, and testes. 

In time, rctul involvement becomes evident. 
vwUi the appearance of protein, red cells, and red 
cell casts in the urine. Renal failure Is often rapid, 
the patient dying in uremia fn n matter of week-s. 

The terminal ph.^se may be dominated by uremto 
or by the effect of Uie genrrnlireil nrlentis upon a 
variety of organ systems. High fever, arthritis, and 
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hemorrhagic lesions of the skin and mucous mem- 
branes may be prominent. 

Anemia, leukocytosis, occasionally with a mild 
eosinophilia, are common accompaniments. Hyper- 
globuhnemia is frequent. 

This syndrome is to be distinguished from otho- 
conditions in which vasculitis and granuloma forma- 
tion may occur in varying combinations. Included 
among these are tuberculosis, sarcoidosis, lethal 
midlme granuloma (p. 1253), polyarteritis nodosa, 
allergic angiitis, and macroglobulinemia of Walden- 
strom (p. 1344). 

Treatment. There is no effective management. 
Adrenal steroid therapy has at times appeared to 
repress the advancement of the process. Anbbiotics 
are useful in combating bacterial complications. 
X-ray therapy for the lesions in the nose or lung has 
been tried occasionally, but evidence for any braeBt 
is doubtful. 


SCLEREDEMA 

Definition. Scleredema is a disease of unkno%vn 
etiology characterized by benign, spreading swell- 
ing and induration of the skin and subcutaneous 
tissues. It occurs at any age, most commonly in 
childhood and young adulthood. It may be seen in 
the neonatal period. Females are twice as often 
affected as males. 

Pathology. The chief histologic alteration is pro- 
nounced swelling of the collagen of the sidn and 
subcutaneous tissues with deposition bebveen the 
btmdles and about the vessels of a peculiar mu- 
cinous material There is moderate infiltration by 
lymphocytes and plasma cells, but no intense in- 
fiammation. The process subsides without residuum 

Scleredema often follows bacterial or viral in- 
fections, particularly of the respiratory tract. The 
nature of this relationship remains obscure. 

Manifestations. The duease begins with swelling 
and induration of the skin and subcutaneous tis- 
sues. The swelling does not pit, and the skin feels 
as though it had been infiltrated with wax. These 
changes may be preceded by a blotchy erythema- 
tous or livid rash and, at times, by a short period 
of malaise, low fever, and musculoskeletal aching. 
The swelling usually starts in the neck, spreading 
ni turn to the face, scalp, shoulders, trmik, and 
abdomen. The hands and feet are spared entirely 
or, at most, show only slight swellmg. The face 
becomes mask like and the patient appears "hide- 
bound." Involvement of the eyelids can lead to 
pronounced chemosis, and the tongue and pharynx 
may be affected so extensively that dysarthria and 
dysphagia result. Additional features include sterile 
elusions in the pleura, pericardium, abdomen or 
joints, and muscle weakness. Histologic alterations 


CHAP. 300 1901 

in flie viscera comparable to the changes in the skin 
have been described in one patient. 

The swelling may spread rapidly and reach its 
maximum in a matter of days or a few weeks. This 
is followed by very slow regression, many months 
or even years being required for complete healing. 
The areas of initial involvement, the face and the 
neck, often are the last to clear. Residual patches 
may persist for many years. Relapses are not com- 
mon, but recurrence after a prolonged free period 
has been observed. 

The white blood cell count is usually normal as 
is the sedimentation rate. Elevated senim y-globulin 
has been recorded in a few instances. 

Differential Diagnosis, It is most important to 
distinguish this relatively benign disease from 
scleroderma {p. 1896). Sometimes it is quite im- 
possible to separate the two diseases on clinical 
grounds or even by biopsy examinabon, the distinc- 
tion becoming clear only from patient's clinical 
course. The following points are often helpful in 
differentiation; In scleredema the hands and feet 
are relatively unaffected and, while there may be 
mild thickening of the skm of the extremities, there 
is no atrophy or Raynaud’s phenomenon, com- 
monly noted m scleroderma Furthermore, in scler- 
edema there is no pigmentation or calcinosis of 
the skin, the process involutes completely without 
residuum, and abnormalities in die esophagus, 
lungs, kidneys, or other viscera are not encountered 
Treatment. There is no satisfactory method of 
treatment, and supportive measures only are indi- 
cated Adrenal steroids have been used in a Uw 
instances, %vith equivocal results. 
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DISORDEIIS OF 
THE JOINTS 
Lrticrcficc V,. SJiulmeifi end 
Joseph J. Biinim 


Tenns used to dcsigimle abnorm-il cmiditions of 
tlic joints arc numerous and frequently ambiguous 
RficiimaUsm (s used moslly as a genetic tenn to 
indicate p-iin, stiffness, or defonnit)' of (oints, mus- 
cles, and related stnitlurcs. The rheumatic tlivascs 
embrace a large group of diseases of the musculo- 
skeletal system in whicli alterations take place fn 
the articular structures (synoi f.il tissue. Joint cap- 
sule, cartilage, and bone) and/ot in tVie conneclne 
tissue surromuhiig the joints, ns in teiuloiis Because 
of the prominent involvement of this tissue in these 
disorders it is becoming more fashionable to desig- 
nate tlicjn diseases of cauncctiic /«r«c. Tlic Irnn 
arthritis is usually used fn denote any disorder of 
joints, although properly it should Iw restnilcd to 
those disorders of joints \ihich arc inflamed. A joint 
disorder, unaccompanied hy grossly evident in- 
fl.immation, is frequently called an arthropathy. If 
pain, lentlemcss, or stiffness originates from a iron* 
articular slnichire, such as njuscle, IcimIoii, liga- 
ment, or bursa, the condition is often labeled “filmy- 


aW/f“ Whi-tevtr ivnsihlr. more specific terminology, 
such us frridmifit or biinitis, ihmdd Ik- used. 

Presalente. Surveys eoiidiicti-sl liy llic I’uhlic 
Health Service show that over 10 million p«s<mj 
siifltr from some form of rhewmatinn, fruhafuig 
that tt is one of tlic matt cQmmtm catisct of cluotuc 
illness in tlic Unifetl SlJfrS, mnllng second to 
ncftom and mental dneaws ai a cause of disahlliti. 
Of the lOmllJioii people wiili rlieumalie eompliirfs, 
4 5 million Imve artlirllls; over 10 per cent, or 
1.143,000. are partiillv diwhletl, and almost 2 per 
cent. 190,000, ore tximplriely dis.ihlrd. More than 
half the dii.-ihled arc uiidi'r forty-five years of age. 
Ik otlier countries, tlic lull from rheumatism Is even 
greater In Crt.af Hritaiii, for ciamnli-, half the 
pnpiibtion suffers from nondisahhrig il.ctimalitro. 7 
per ctnt are incapicifatrd liy it for at Icavt 1 day 
<acli year, and om-iitth of t)>e total Industrial dis- 
.tbihty Is aiiYiIx-fl to rheiimitism In Swilrcrland, 
atlhnlit Is (cspunsihic fur IG p<‘r rent of all sicLneu 
reports to iusmante companies and tlie same pro- 
{uiition of tot,il fllKi-ncr from sioik. Among the 
majsit catrgnnn of chronic disrate. tlw-MWiiistn 
cripples most and kills Iran Much of llie cripplmg 
oeriirs m young [xople during their productive 
year* 

ClasslGeation. A viorlahle nnd I'vgieal eJa»s!fica- 
twn of jornt diKav<i eannol Iv ctmsfnirictl JatR* 
faclonly on ctiologic grounds vvhen the cause of so 
many forms of joint disease is unknown. Srpanlwn 
on tlic Imis sjf palh.iltigie change is often helpful, 
ytl it may actually iiHriit knowledge, since tie 
cimnective tusues ore eanahlc of rrariing to in- 
|urious stimuli in onlv a imuted luanhcr of way*- 
Diffcrentntmn on clinical grounds alone may Ix' 
similarly unsatisfactory U'cause widely divergent 
pathologic forces m.i\ give rise to an identical 
clinical picture. Diininn into acute and chrome 
cnli-gorics is also luizardous because acute arlhritidcs 
may become chronic, and chronic arthritidci may 
licgin acutely or have acute ex-icirbations. 

■|hus, It is clear that the state nf our knowledge, 
or lack of it, permits no complrie or s.itisfariery 
clissification. hfnst attempts at tl.nifying joint dis- 
eases include ctiologic, p,ilhologIc. .nnd clinical fac- 
tors Tlic Ann-ilcan l\hcnimat»m Assixriation Ivo* 
approved a clissification vvhfch conforms to lh« 
phraseology of "Tlic Standard Nomenclature of Dis- 
ease.” thus providing imifonnity. Wherever po*’ 
siblo. Its use is recommendixl. Tlio aecorapanving 
oiitlmc (Table 301-1), however, is offcrrtl as a 
more usr^ul guide to differential diagnosb because 
It is baset! largely on p.ithogenetic features. 

Approach to the Patient with Joint Disease. 
fory. Tlie age of the patient is not so important in 
diagnosis ns vv.ns formerly tliought. In the elderly, 
arthritis was assumed to be tlegcner-ifivc joint dis- 
ease; in tlic young or middle-aged, rheumatoid 
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Taife SOl-i. ciAssincATios OP msoboebs ot joisra 


I. Arthritis caiised by specific infection 

A. P 3 ’ogenic arthritis 

1 . Staphylococcus 

2. Streptococcus 

3. Pneumococcus 

4. Gonococcus 

5. Meningococcus 

B. Brucetioois fartbrifis rare; aribrat^a common) 

C. Tuberculosis 

1. Arthritis 

2. Spondj'Iitb (Pott’s disease) 

£», Syphilis 

1. Congenital 

a. Sjmmetric synovitis (Glutton’s joints) 
h. Osteochondritis (Parrot's pseudoparab 

ysis) 

2. Acquired (tertiary) 

o. Sjmovitia 

b. Gummatous 

E. Less common infectious arthrilidcs 

1. Bacteria 

2. Fun^ 

3. Viruses 

II. Arthritis possibly caused by specific infection 

A. Reiter’s syndrome 

in. Arthritis as a sequel to specific infection 

A. RheumaUc fever 

IV. Arthritis caused by hypersensitivity to foreign 
agent 

A. Drug reactions 
fi. Scrum eickneu 
C. Anaphylactoid purpura 

V. Arthritis in widespread inflammatory connective 
tissue disease, cause unknown 

A. lUicumatald orthtiUs and variants 

1. Adult peripheral type 

2. Juvenile rheumatoid arthritis ^till’s dis- 
ease) 

3. Ankylosing spondylitis (Mane-Sirumpell 
disease) 

4. Psoriatic axthnlia 

5. Felty's syndrome 

C. Arthritis with ulcerative colitis and other 
gastrointestinal diseases 
7. SjSgren’s syndrome 
U. Collagen vascular disoiders 

1. Sjiitemic (disseminated) lupus erythema- 
tosus 

2. Poiyaiteritis (periarteritis nodoss) 

3. Progressive sjstemic sclerosis (scleroderma) 

4. Dermatomyositis 

C. Granulomatous reactions 

1. Sarcoidosis 

2, Erytliema nodosum 

VI. Arthritis caused by metabolic or endocrine dis- 
orders 


A. Gout 

B. Ochronosis 

C. Acromegalj' 

VII- Degenerative joint disease (osteoarthritis) 

A. Generalized 

B. Localized 

1. Hereditary (such as Heberden's nodes) 

2. Secondary to previous trauma or infection 

3. Secondary to faulty body mechanics 

4. Unknown cause 

Vin. Arthritis caused by trauma to jomta 
A. Direct trauma 

D. Intema! mechanical derangement of joint 

IX. Neurogenic arthropathj' (Charcot joint) 

A. Tabes dorsalis 

B. Syringomyelia 

C. Neuropathy of diabetes meliitus 

D. Peripheral nerve injuries 

E. Leprosy 

X. Arthritis caused by bleeding into joints 

A. Direct trauma 

B. Disorders of blood coagulation 
1. Hemophilia and variants 

XI. Neoplasms of joints 

A. Cyst 

B. Lipoma 

C. Hemangioma 

D. Symovioma 

B. Ciant-ceil tumor 

Xn. Arthritis secondary to lesions of bone 

A. Aseptic necrosis of bone 

1. Primary, of unknown cause 

2. Secondary to 
a. Trauma 

h. Vascular occlusion 

B. Neoplasms of bone 

1. I^mary 

2. Metastatic to bone 

C. Ostwwhondromalosia 

D. Osteochondritis dissecans 

E. Endocrine diseases of bone 

XIII. Hypertrophic osteoarthropathy 

XIV. Miscellaneous arthritis 

A. Shoulder-hand syndrome 

B. Palindromic rheumatism 

C. Intermittent hj'drarthrosia 

D. Psychogenic rheumatism (hi'sterical 
“arthritis") 

XV. Paraarticular conditions ("nonarticular rheuma- 
tism*’) 

A. "Fibro^itls" 

Ji. Tembnitis 

C. Bursitis 

D. Tendon Elicath Cj'st (ganglion) 

B. Mjosilis 

F. Neuritis 

G. Panoicujitis 
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arthritis. Actually, the chance of a person’s haWng 
rheumatoid arthritis incre.ises up to the age of fift)'- 
Gve years, after which it remains stationary j con- 
versely, degenerative joint disease can begin as 
early as the second decade 

Females are more lifcel)’ to have Ifeberden’s 
nodes (10:1), systemic lupus erythematosus (8:1), 
or penphcral rheumatoid artluitis (2:1), whereas 
rheumatoid spondyhtis is decidedly more common 
in men (9:1). 

It is important to hmow the occupation and acoca- 
Hons of ^e arthritic patient. Injury at work or at 
play gives rise to such conditions os "ViooscmoiiS's 
knee,” “nurses feet," "boxer's bursitis," “student’s 
elbow," “baseball fingers," and "w’easers bottom." 
Trauma can also play an important role in the selec- 
tion of the sites affected in degeneratirc joint 
disease. 

Careful attention must also be paid to (he family 
history The family incidence of gout vancs from 
10 to 18 per cent. 

“Grosving pains” in childhood may direct one’s 
attenUon to rlieumalic fever or juvenile rheumatoid 
arthritis Repealed throat infections, especially if 
known to be caused by the beta-hemolytic strepto- 
coccus, also point to r\\eumatio fever. A history of 
unexplained fever, skin disorders, serositis. and 
hematologic abnormalities may suggest that the 
arthritis is merely one marufestation of a collagen 
vascular disorder. Urethritis may precede arUmtis 
and conjunctivitis in Reiter's syndrome or gonor- 
rhea. At times, renal calculi may appear before 
gouty arthritis. Nephritis may antedate arthralgia 
in systemic lupus erythematosus. Clearly, a history 
of trauma to a joint or arthritis in the remote past 
must be sought, because such an event may be 
related to the present rheumatic illness. 

Meticulous inquiry into events immediately pre- 
ceding the onset of the arthritis yields important 
clues to diagnosis. An antecedent infection of one 
or more organs, espedally if accompanied by bacte- 
remia, indicates that the arthritis may be infectious. 
Streptococcal tonsillitis or pharyngitis preceding (he 
arthritis by 1 to 4 weeks strongly suggests rheu- 
matic fever. Prior injections of penicillin or foreign 
protein, espedally if accompanied fever or 
urticaria, bring to mind the arthritis of serum sick- 
ness Frequently, rheumatoid arthritis is preceded 
by ovenv ork, cmoUonal stress, or exposure to a cold, 
damp environment and is ushered in by constitu- 
tional symptoms — feverishness, malaise, fatigabil- 
ity, anorexia, paresthesias, and u eight loss. Such 
constitutional symptoms do not antedate the onset 
of degenerative joint disease. 

Tlie mode of onset of the arthritis should be as- 
certamed. A jmnt dvsordet may appear espioweliy 
(as in rheumatic fever), subacutely (as in rheuma- 
toid arthritis), or insidiously (as in degenerative 
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joint disease). Tliere are many exccpb'ons, however, 
and the interpretation by patients of the acuteness 
of an illness varies greatly. 

It IS also important to obtain a full characteriza- 
tion of the patient’s joint pain. Tlie pain of acute 
gouty arthritis, for example, is constant, severe, 
boring, and not influenced by position or time of 
day. In contrast, the discomfort in degenerab’ve 
joint disease is usually transient, mild, and superfi- 
cial; it emerges with attempted mov’ement after a 
period of rest in one position and disappears readily 
after brief exercise. In a different manner, the 
paticnl waVi rheumatoid arthritis cxanplains ti 
morning stiffness which disappears gradually only 
after activity for several hours, whereas the pains 
in the affected joints may become more severe as 
the day progresses. 

Tlie patient should also be asked about the oc- 
currence of other signs vvhich reflect articular in- 
flammation, VIZ., excessive heat, discoloration of 
the skin, tenderness, or swelling of the involved 
joint. 

Valuable diagnostic information may come from 
ascertaining which joint was first involved, le., the 
proximal intcrphalangeal joint in rheumatoid ar- 
llmtis. the sacroiliac in .ankylosing spondyhtis, the 
distal Interphalangeal in degenerative joint disease, 
the great toe in gout, or the shoulder in bursitis 
One should find out whether the arthritis Is mlgra- 
tory and. if it is, the nature of its spread. In de- 
generative joint disease, for example, the sites of 
arthritic symptoms do not tend to change, whereas 
migration of the arthntis is characfenstic of rheu- 
matic fever, where it is rapid and transient, and of 
rheumatoid artlintis, where it tends to be slow-er 
and additive. Rheumatoid arthntis is noted for the 
symmetry of involvement of joints. 

The course of the disease may provide additional 
diagnostic clues Acute exacerbations with complete 
remissions are characteristic of intermittent hydrar- 
throsis. where the flare-ups occur regularly, and 
of the early stage of gout, where they occur ir- 
regularly. Over-all progression with partial remis- 
sions is the most common course in rheumatoid 
arthritis; whereas in degenerative joint disease, the 
illness IS usually static or slowly progressive. 

The presence and extent of deformities and the 
fimctional capacity of the patient may also aid in 
diagnosis. Some disorders, such as rlieumatoid ar- 
llintis, are notoriously deforming and cnpplmg; 
others, such as rheumatic fever, produce no re- 
sidual articular disability. 

The details of previous management and its 
effect should be carefully recorded. The daily 
dosage and duration of administration of a given 
asc important, foi tiie ptogiara may vsA have 
been sufficient to constitute a valid therapeutic 
Inal. Au illustration of the potential usefulness of 
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lojowing the previous response to therapy is in so- 
called “psychogenic rheumatism,” where the diag- 
nosis is said to be confirmed by a reportedly com- 
plete lack of response to salicylates or physical 
therapy. 

Physical Examination. All accessible joints should 
be systematically and meticulously examined for 
heat or discoloration of the overlying skin, sw^ing, 
tenderness, limitation of motion, deformity, and 
crepitation. The temperature and color of the sldn 
proximal and distal to the joint should be compared 
with those over the joint. Swelling of the joint may 
result from one or more of the foUowing patiiologic 
conditions: (1) the accumulation wthin die joint 
space of fluid, demonstrable by fluctuation, as in 
the "pateUar click”; (2) thickening of the soft 
tissue (synovia, capsule, ligament, or adipose tis- 
sue), in which case there is no fluctuation; (3) 
localized periarticular effusion m a tendon sheath 
or a bursa; (4) diffuse periarticular subcutaneous 
edema; or (5) bony enlargement, as in acromegaly, 
tumors of bone, or the osteophytes of degenerative 
joint disease. One must be sure that the joint is 
really enlarged, since atrophic muscles may falsely 
give the impression of joint swelling. The degree of 
tenderness should be recorded and subsequently 
interpreted with the help of the sensory examina- 
tion and an evaluation of the emotional state of the 
patient. 

Umitathn of motion of a joint may result from 
(1) suSciently painful inflammation to cause 
muscular spasm or guarding, (2) effusions large 
enough to distend die capsule lighdy, (3) fibrosis 
of the capsule, (4) fibrosis across the joint space 
from one synovial surface to another (fibrous anky- 
losis), (5) bony bridging across the space (bony 
ankylosis), or (6) vanous disorders of tendon, mus- 
cle, or nerve. One should tiy to determine whether 
the deformity results from effusion or pain, and 
thus is possibly reversible, or from ineversible de- 
struction of joint structures. 

Crepitation, a grating feeling or noise, results 
from the rubbing together of opposing joint surfaces 
on motion of the joint. The character of the crepita- 
tion varies with the joint disorder: fine, or “rub- 
bing,” in rheumatoid arthritis, where the abrasive 
surface is villous granulation tissue; coarse, or 
crunching,” from the osteophytes and disorganized 
cartilage in degenerative joint disease. These forms 
of crepitation should be distinguished from "crack- 
ing” or “snapping,” which is caused by tendons 
slipping over bony prominences. 

A few instruments are available for quantitating 
the degree of disability of joints and related struc- 
tures. Simplest, and perhaps most important, is a 
tape measure with which the circumference of 
large joints and certain muscle groups is recorded. 
It should also be used to measure the chest expan- 
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sion in patients with rheumatoid spondylitis. Witli 
a jevveler's ring sizer one can determine the size of 
the smaller joints of the fingers and toes. A dy- 
namometer is used to record grip strength; the 
range of motion of a joint can be ascertained with 
a goniometer. These instruments are useful in fol- 
lowing the course of the patient's illness and par- 
ticularly in studies design^ to test the efficacy’ of a 
therapeutic agent. 

The functional capacity of tlie patient, with 
special reference to tasks performed by the extremi- 
ties, should also be carefully recorded. Can the 
patient get out of bed, walk, or climb stairs? Can he 
comb his hair, tie his shoelaces, unscrew a bottle 
cap, or sweep the floor? 

Organs, other than the joints, which deserve 
special attention in the physical evamination of the 
arthritis patient include the skin, subcutaneous tis- 
sue, eyes, pharynx, lymph nodes, lungs, heart, liver, 
spleen, muscles, and nerves 

Valuable clues to the diagnosis of the joint dis- 
order come from abnormalities of the sUn. Asso- 
ciated urticarial wheals point to serum sickness. 
Pelechiae and ecchymoses suggest menmgocoece- 
mia or a defect of blood coagulation; a "butterfly 
rash,” systemic lupus erythematosus; and erythema 
marginatum, rheumatic fever. 

The patient complaining of arthritis of the hands 
may exhibit no evidence of arthntis but rather 
diffuse swelling of the subcutaneous tissue as seen 
in the early stages of scleroderma Subcutaneous 
nodules are frequently encountered m patients witli 
various forms of arthritis Those oecoTnng on the 
extensor surfaces of the forearms )ust distal to the 
elbows are thought to be the hallmark of rheuma- 
toid arthritis, although sarcoid or lupus nodules or 
gouty tophi may occasionally occur m the same 
location. A striking feature of the nodules of 
rheumatoid arthritis is their symmetry. The nodules 
in rheumatic fever are more transitory’, less sym- 
metric, softer, and not so frequently near joints, the 
distribution of those of polyarteritis nodosa and 
amyloidosis tends to be linear, along the course of 
affected arteries. The external ears should be care- 
fully searched for gouty tophi. Toplii or nodules 
near joints arc usually fixed to the periosteum or 
the joint capsule. Synovial cysts, ganglions, should 
not be mistaken for nodules or tophi- 

The ocular examination may yield useful infor- 
mation in differential diagnosis. Conjunctivilis may 
suggest Reiter’s syndrome; keratitis, gonococcal ar- 
thritis or Glutton's joints, uveitis, rheumatoid ar- 
thritis or sarcoid; “cytoid bodies,” systemic lupus 
erythematosus; and retinal arterial tliromboses, 
polyarteritis nodosa. 

Simitar differential diagnostic analyses may be 
constructed for the other cxtraarticular organs pre- 
viously listed. 
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Lahoratonj Tests- After a careful hisloi}' has been 
recorded and a thorough physical examination per- 
formed, the aid of certain appropriate laboratory 
studies should be obtained. The hematologic exami- 
nation should be performed in aU arthritic patients. 
In rheumatoid arthritis, rheumatic fever, or sarcoid, 
anemia may be mild or moderate; in some patients 
with collagen vascular disease, it may be more 
severe. In rheumatoid arthritis, the anemia is 
Ij-pically h)’pochromic and noimocytic, whereas in 
systemic lupus erj’themalosus, it is usually nonno- 
chromic and normocytic but may be hemolytic. The 
white blood cell count is usually shghtly elevated 
in senim sickness, rheumatic fever, many cases of 
active rheumatoid arthritis, and some infectious 
arthritides; it may be greatly elevated in other infec- 
tions, polprteritis nodosa, and leukemia. Con- 
versely, leukopenia frequently accompames tuber- 
culous arthritis, Fell’s syrndrome, systemic lupus 
erythematosus, and sarcoid. In purpuric stales, the 
platelets should be counted and, when indicated, 
further special studies on blood coagulation per- 
formed. 

The erythrocyle wc/imenfat/on rate is one of the 
more Important laboratory determinations in rheu- 
matology'. It is particularly useful in (I) the dif- 
ferential diagnosis of the mild early case, (2) 
estimating the severity of the inflammation in those 
conditions, such as rheumatic fever or rheumatoid 
arthritis, where the rate Is knowm to be elevated; 
anti (3) determining by serial tests the course of 
the arthritis and the effect of therapy. Among (he 
disorders of joints the rate is usually high in in- 
fectious arthritis, scrum sicVmess, acute phases of 
rheumatic fever, rheumatoid artliritis an<I variants, 
and collagen vascular disorden, acute gouty ar- 
thritis, and neoplasms in or near joints. Normal 
values arc recorded in degenerative joint disease, 
traumatic arthritis, neurogenic arthropathy, "fibro- 
sitis,” psychogenic rheumatism, and between acute 
attacks of inflammatory or gouty arthritis. Tlie test 
is nonspecific. A normal rate cannot be relied upon 
to rule out such diseases as rlieum.!tic fevxr or 
rheumatoid aitbritis because the disease may be 
only minimally active or there may have been 
tcclinical diilicultics In such cases, tlic determina- 
tion should be repeated. Various nonspecific "acute 
phase reactions,” sudi as that to C-rcactive protein, 
m.iy abo help to estimate the activity of the ar- 
thritis. 

Other serologic tests may also aid in diagnosis. 
One or more of the serologic tests for sypliflis (STS) 
m.ay not only inilicnte tliat the patient has one of 
the several rheumatic sequelae of this infection, but 
also augment the- phy'sieian s .alertness to the pwsi- 
bility of gonococcal artliritis If the STS is positive, 
a Trejwnctna pallidum immobilization test (TPI) 
should abo lx; perfonned, since it has been shown 
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that many patients with a false positive STS have 
some form of connective tissue disease. The anti- 
streptolysin O titers of scrum help greatly to con- 
firm tlie diagnosb of rheumatic fever, being ele- 
vator] in more than 85 per cent of patients with 
active polyarthritis caused by this dbease. 

The sheep cell agglutination test is positive in 
approximately 75 per cent of patients with active 
peripheral rheumatoid arthritis unaccompanied by 
psoriasis or spondylitis and in over 90 per cent of 
patients with subcutaneous nodules. It b not en- 
tirely specific for rheumatoid arthritis, hovv’cver, 
and positive tests may be found in patients with 
systemic lupus erythematosus or progressive sys- 
temic sclerosis (sderodenna). Other serologic ag- 
glutination tests for brucellosis or tularemia are 
occasionally useful. 

If possible, LE cell preparations should abo be 
made in arthritic patients, especially those in whom 
the diagnosis is m doubt. The importance of this 
test 1 $ readily grasped when one realizes that ar- 
thralgia or arthritis is the presenting manifestation 
in onc-tliird of patients with sy’stemic lupus ery- 
thematosus 

Since the rheumatic manifestations of gout are 
so pleomorphic, all patients with joint complaints 
should have a blood one acid detcnnination. 

Urinalysis and tests of renal function may help 
in diHicult diagnostic situations by focusing ones 
attention on the possibilities of Reiter’s syndrome, 
gout, one of the collagen vascular disorders, or 
amyloidosis secondary to rheumatoid arthritis. 

X-ray findings also aid materially when inter- 
preted in the light of clinical and other laboratory 
information. They should not be considered the 
final arbiter, however, since different types of ar- 
thritis may produce identical roenlgcnographic 
changes. Furthermore, even in obviously infiametl 
joints, the x-ray findings may be totally negative in 
the early stagis of illness 

Bacieriologic, cytologic, and chemical examina- 
tion of synovial fluid may provide further informa- 
tion of diagnostic and prognostic importance The 
splendid monograph by Ropes and Dauer has done 
much to increase our knowledge of the character- 
istics of joint fluid, both m normal persons and in 
those with various pathologic states 

Normal synovial fluid is small in volume, clear, 
pale yellow, stlcJ^’, and relatively acellular. It is 
essentially a dialysatc of blood pl.vsma, the albumin 
passing through readily but the globulin passing 
tiirougli with diSiculty. The fluid, which helps to 
lubricate the articulating surfaces, contains mucin, 
a protein-polysaccharide complex similar to that 
found in the ground substance of connective tissue 
A proper examination of joint fluid should include 
all those features recorded in the an.alysis of fluid 
from other body cavities, ie., volume, appcamncc. 
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specific gra\’ity, reaction, cell counts including a 
differential, and concentrations of protein and sugar 
(with comparative blood levels). Anaerobic as well 
as aerobic cultures should be planted immediate^. 
A Gram stain of the centrifuged sediment should 
also he carried out. If tuberculosis is suspected, an 
aliquot of the fluid should be inoculated into a 
guinea pig. Tire turbidity should be estimated and 
the fluid observed for clot formation. The diluting 
medium for white cell counts should he physiologic 
saline solution, not acetic acid, because the addition 
of acetic acid to normal joint fluid so precipitates, or 
denatures, the mucin that a ropy clot is formed. An 
icteric inde-x of the joint fluid may be helpful when 
traumatic artliritis is suspected. 

Fluids obtained from patients with joint disorders 
fall into two antagonistic groups, and there is a 
tliird group with intermediate findings. Diseases 
included within the first group arc degenerative 
joint disease, traumatic arthritis, neurogenic ar- 
thropathy, osteochondromatosis, and osteochondritis 
dissecans. In these disorders the amount of fluid is 
usually increased, but ilic changes from normal 
are small: slightly more poI^TDorphonuclcar leuko- 
cytes, slightly less mucin, and therefore, slightly 
reduced viscosity. 

The second group comprises all the specific in- 
fectious arthritides, Reiter's S)Tidromo, rheumatoid 
arthritis, and intermittent hyorarlliTosis. Tlic aspi- 
rated fluids in this group appear turbid, clot readily, 
and have a low viscosity. Although there is con- 
siderable variation, the while cell count is elevated, 
largely as a result of a polymorphonuclear response. 
Sugar concentration is usually reduced, and the 
protein concentration is elevated, with a considera- 
ble contribution from the globulin fraction. 

Among the disorders which fall in tlic inter- 
mediate group, the findings in systemic lupus ery- 
thematosus, hemophilia, and hypertrophic osteo- 
arthropathy more closely resemble those in the first 
group; those of the second are more frequently 
seen in the synovial fluids of rheumatic fever, gout, 
and synovial tumors. 

It is thus clear that in many situations where 
diagnosis is difficiJt, such as between rheumatoid 
and gonococcal arthritis, the solution may not be 
found by cytologic or chemical analysis of the 
synovial fluid. On the other hand, in many other 
situations, as in the patient who has either a Charcot 
joint or gonococcal arthritis, or others in whom the 
choice lies between traumatic or rheumatoid ar- 
dirilis, the diagnostic dilemma may be resolved by 
such an analysis. Moreover, uric acid crystals may 
be seen in synovial fluid examined under a polariz- 
ing microscope. 

\Vhen all the above methods have failed to clarify 
the diagnostic problem, a biopsy specimen of an 
affected joint may be obtained. The value of the 
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histologic method in tlic diagnosis of rheumatic 
disease, liowever, is somewhat limited by the 
paucity of accumulated experience, not only in 
diseased joints, but in normal ones as well. This 
deficiency exists largely because in this country 
dissection of joint structures at post-mortem ex- 
amination is illegal, unless special permission is 
obtained, and joint biopsies have been performed 
infrequently. In doing the latter procedure, strict 
aseptic precautions should be observed. A method 
of securing a punch biopsy of the synovial mem- 
brane of the knee has been introduced, but its 
usefulness is limited, as in punch biopsy of tlie 
liver, by the small amount of tissue for examination. 
This deficiency is significant m light of studies 
describing, in sev’cral rheumatic disorders, great 
variability m pathologic change from place to place 
in the same specimen. Nevertheless, synovial biopsy’ 
can answer various diagnostic problems by differ- 
entiating gout from rheumatoid arthritis (by reveal- 
ing urate crystals) or rheumatoid from tuberculous 
arthritis (by demonstrating acid-fast bacilli). More- 
over, biopsy findings have added to our knowledge 
of the rheumatic diseases by showing, for example, 
that sarcoid or progressive systemic sclerosis (scle- 
roderma) may inv olve the synovium as well as other, 
more usual, sites. 


REITER'S SYNDROME 

Definition. Reiter’s syndrome (Beitei^s disease, 
venereal arthritis, mfectious uroarthritis, idiopathic 
blenorrheal arthritis, artlmtis urethritica) is recog- 
nized strictly by the triad of arthritis, nongonococcal 
urethritis, and conjunctivitis. Most patients, how- 
ever, also exhibit one or more characteristic muco- 
cutaneous manifestations Although the complete 
triad (or tetrad) is relatively uncommon, the com- 
bination of arthritis and urethritis (and/or prostati- 
tis) IS especially frequent in y’oung men. Although 
there is a strong clinical impression that Reiter's 
syndrome is infectious, attempts to isolate a specific 
microorganism have been unsuccessful and the 
etiology remains obscure. 

Epidemiology and Pathogenesis. Reiter’s syn- 
drome is largely a disorder of young adult males, 
although it has been reported in children, in older 
persons, and in females. The incidence is especially 
high In military populations. 

In Britain and the United States the disease is 
considered by many investigators to be of venereal 
origin. In Scandinavia and France, the syndrome is 
considered a complication of bacillary dysentery. 
Support of this thesis was obtained from a report 
from Finland in 1948 of 334 cases of Reiter's syn- 
drome, occurring for the most part during an epi- 
demic of dysentery from Flexner baciUus. However, 



1905 SFc. 8 

only 0^ per cent of tliosc with dysenleii' were 
estimated to have developed Reiter's sj'ndrome. 

Extensive microbiologic investigations hax'e 
failed to uncover a specific pathogen. The organ- 
isms of greatest pathogenetic interest have &en 
the plcuropneumonia-lihe organisms (PPLO), vari- 
ant forms of common bacteria, on the basis of (1) 
their identification from the genital secretions of 
115 males, 27 of whom also had arthritis, and (2) 
their presence in the joints of certain animals with 
spontaneous polyarthritis However, PPLO organ- 
isms have also been isolated from the majority of 
patients with gonococcal or nongonococcal urethri- 
tis unassocialed with arthritis or conjunctivitis 

Clinical Features. The triad of Reiters s)7idrome 
usually evolves over a 8- to 4'\vcek period, although 
this varies from daj-s to months. The sVTnptoms of 
urethritis usually appear first, followed by conjunc- 
tivitis and arthritis, in that order. Although all three 
manifestations vary in seventy and duration from 
one patient to another, in most cases the arthritis 
is the most scv'erc and prolonged of the three. At 
onset there may be fever (to I03®F), malaise, 
anorexia, or weight loss. 

The taitial attack is tj-pically self-limited. The 
urethritis and conjunctivitis usually disappear after 
days or a few weeks, but the arthritis may last for 
several months, even 1 to 4 jears. Recurrences are 
very common, as many as eight episodes having 
been recorded in a sin^e individual 

The first attack of arthritis is likely to be explo- 
sive. Typically, it is a migratory polyarthritis, usu- 
ally jn'mmctric. The most commonly affected joints 
are tfie knees, ankles, metatarsophalangeal joints, 
and wrists, in order of decreasing frequency. How- 
ever, any peripheral joint may be involved, or the 
disease may affect only one joint, such as a knee 
or ankle. Pain, often severe, in one or both heels is 
a common complaint which hefjrfcrf m efiagnojij. 
The affected joints are usually hot, tender, and 
swollen, often wnth demonstrable fluid, these in- 
flammatory signs subside slowly over months. Lat- 
eral compresSKm or pressure over the plantar sur- 
faces of the heels often elicits pain. Evidence of 
spond) Iitis, such as low-back pain and stiffness or 
tenderness over spinous processes, usually appears 
late, if at all. Subsequent attacks of arthritis often 
ilevelop more slowly Uian the initial attack. The 
feet and the spine are the most common sites of 
pennanent joint deformity. 

Although the gcnliounnanj involvement is usu- 
ftlly obvious, with dysuria and uretlirai discharge, it 
may be necessary to "milk" the urethra or massage 
tlie prostate to establish tlie diagnosis. The urethral 
meatus is frequently red and edematous. At the 
same lime there may be (1) nonbaclerial tyslitis 
manifested Iiy frequency of urination, suprapubic 
pain, and terminal hematuria, (2) prostatitis, or 
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(3) seminal vesiculitis. Urethral stricture is an un. 
common late complication. 

The most common ocular manifestab'on is con. 
)unctlvitis, which usually starts in one eye, theft 
spreads to the other. Photophobia, burning pain, 
and hyperemia may be intense; they subside in 1 tij 
2 weeks. Other ocular lesions include superficial 
keratitis, comeal ulcers, episcleritis, and iritis. 

A/ucocutaneous lesions are an important featurt 
of the syndrome, facibtaling diagnosis. Usually 
they appear early in the disease; they may eveij 
precede other manifestabons. The most commotj 
locations are tlie glans penis (80 per cent), mouth 
(50 per cent), and the soles and palms (30 per 
cent). Tlie lesions on the glans penis begin as small 
blebs, which later coalesce into large patches witli 
sharply defined borders (“balanitis circinata”): ift 
the circumcised individual, they may be hyper, 
kcratotic. 

The oral lesions, found on the palate, buccal 
mucosa, tongue, and pharynx, consist of small 
papules or vesicles which coalesce to form irreguLir 
gray patches demarcated by a serpiginous red 
border. 

The lesions on the soles and palms consist of 
keratoderma blennorthagica, beginning as red-pur, 
pie papules, often in clusters, which may late^ 
coalesce. No specific microorganism has been »■ 
covered from these lesions, and there is no evidence 
that they are the result of gonorrheal infection, at 
considered previously. Hyperkeratoses may cover 
the entue soles Accumulations of keratolie material 
beneath tlie fingemaJs and toenails are character', 
istic 

An unusiuil feature is pericardiUs, diagnosed on 
an electrocardiographic basis alone, although tran- 
sient pericardial fricUon rubs have been detected 
ID a few patients. 

I-oborafory fTmffngs. None is tfiiignostfe. There 
may be a moderate normochromic anemia and a 
neutrophilic leukocytosis of 10,000 to 20,000 per 
cu mm The erythrocyte sedimentation rate parallels 
the clinical course. 

The radiologic signs, which may be helpful, 
consist of juxtaarticul^ periosteal proliferation and. 
less frequently, erosions at joint margins Irregular 
periosteal thickening over c^caneal spurs is a com- 
mon finding. 

Diagnosis. It is important to distinguish Reiters 
syndrome from gonococcal arthritis, which, strictly, 
should be diagnosed only by identifying gonococci 
from the synonal fluid or membrane Many cases 
formerly considered gonorrheal arthritis were, in 
all hkebhoorl, Reiter’s syndrome, especially in 
males The distinction Is important in prognosis; un- 
treated gonococcal arthritis is often rapidly destruc- 
tive, and Reiter's syndrome is unresponsive to anti- 
biotics. Separabon from rheumatoid arthritis or 
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spondylitis is usually not difficult. The mucocutane- 
ous lesions may resemble ciylhcma multiforme 
exudatiwm (Stevens-Johnson syndrome) or 
Behcet's s)-ndrome, but arthritis in lliese conditions 
is unusual. Reiter’s syndrome may be differentiated 
from psoriasis by the absence of mucosal lesions in 
the latter and the self-limited course of the former. 

Treatment. Treatment is palbative since there is 
no specific therapy. Corticoids may be necessary to 
suppress symptoms in the acute fulminant phase. 


lUIEUhiATOID ARTHRITIS 

Definition. Rheumatoid arthritis (atrophic ar- 
thritis, chronic proliferative artliritis, chronic infec- 
tious arthritis) is a systemic disease of unhno\vn 
etiology in which symptoms and inflammatory 
change predominate in articular and related struc- 
tures. The course is variable but lends to be chronic 
and to result in characteristic deformities. 

Epidemiology. Rheumatoid arthritis is a common 
disorder. Its prevalence, estimated by population 
surN-c)'5, in Pittsburgh, Pennsylvania, and Lan- 
cashire, England, among those fifteen years of age 
or older is 2.7 and 3.5 per cent, respectively. A 
large proportion of patients become inc.ipacitated; 
in one study, 58 per cent were unable to carry out 
their ordinary occupations or duties. 

The disease may begin in Infancy or in the ninth 
decade. In the United Slates the onset of the dis- 
ease is most frequent in the fourth decade. 

Most studies indicate that the disease occurs three 
times more commonly m women than in men, but 
this does not apply at all ages; in older patients, if 
more definite criteria such ss x-ray changes are used, 
neither sex predominates. Tliere is no racial pre- 
disposition. 

There seems to be a familial tendency in rheuma- 
toid arthritis. One study concludes that this is the 
result not of common environmental factors, but 
rather of a genetically determined susccplibihly. 
Two independent stuthes concur that the rheuma- 
toid factor is four times more prevalent in blood 
relati\'es of seropositive rheumatoid arthritic pa- 
tients than in controls; otlier studies have faded to 
confirm this. 

Rheumatoid arthritis is most prevalent in the 
Temperate Zones, especially in cold, damp climates. 

Pathology. There is virtuaUy no specificity to the 
histologic changes in the joints, and it is only the 
fairly characteristic distribution of the lesions that 
the disease is discernible. The lesions include the 
usual changes of chronic inflammation: edema, pro- 
liferation of capillaries and fibroblasts, and infiltra- 
tion, at first with round cells and a few poly- 
morphonuclears, and later with plasma cells. This 
progresses to the formation of granul.ition tissue 
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containing islands of fibrinoid change and necrosis. 

The consequences are thickening of the sj’novial 
membrane, destruction of cartilage and bone, and 
ankylosis. The layer of granulation tissue, called 
pannus, begins to invade and destroy cartilage, 
presumably by interfering with its proper nutrition. 
The villi of the pannus may interdigftate with cor- 
responding villi on the opposing pannus, forming 
the nidus for fibrous anli^losis. WTien ossification 
takes place in the adhesions, bony anlqdosis ensues. 
Subchondral granulation may be so extensive that 
bony trabeculae may be resorbed. Changes similar 
to those in the synovial membrane described above 
lake place in the joint capsule, tendon sheaths, and 
bursae. 

Rheumatoid nodules consist of clusters of gran- 
ulation tissue in which foci of fibrinoid material and 
necrosis are surrounded by "palisading” mono- 
nuclear cells. Whereas an old subcutaneous nodule 
is an avascular structure u’lth central necrosis, the 
) oung nodule consists of \ ascular granulation tissue, 
the small arteries often undergoing active in- 
flammatoiy change (arteritis). 

Cardiac lesions occur in different forms. Healed 
pencarditis, usually focal, is seen in as many as 40 
per cent of cases at necropsy. Granulomatous le- 
sions, morphologically similar to those of tlie sub- 
cutaneous nodule, are found infrequently in the 
myocardium and the aortic and mitral valves. Le- 
sions indistinguishable from those of rheumatic 
heart disease arc reported to occur m 12 to 68 per 
cent of aulopsied cases of rheumatoid arthribs Al- 
though these figures are probably excessive, the 
relationship between these two diseases seems to 
involve more than coincidence. 

The arteritis that is sometimes found in synovium, 
nodule, muscle, heart, and other organs constitutes 
a common link with the lesions of rheumatic fever 
and the collagen disorden (systemic lupus ery- 
thematosus, progressive systemic sclerosis, and 
polyarteritis nodosa). 

Secondary amyloidosis is found in as many as 
26 per cent of severely disabled individuals at post- 
mortem exammabon. 

Etiology. Both cause and pathogenesis of rheu- 
matoid arthritis remain unknown. Many hypotheses 
have been put forth, only to be discarded because 
of lack of convincing evidence. 

A few adherents of the “focus of infecb'on” 
school persist in having their patients free of teeth, 
tonsib, and paranasal sinus mucosa. Neither re- 
moval of the offending focus nor chemotherapy has 
altered the course of the disease, and most patients 
do not appear to harbor such foci. 

A currently popular concept of the pathogenesis 
of iheomatoid arthritis maintains that the lesions 
result from some demngement of the immunologic 
mechanism of the host. Evidence that Uic rheuma- 



DISEASES or SUPPORTING TISSUES OTHER THAN BONE chap. 302 1911 


rlieumaloid atthiitis. It docs not visually respond to 
iron therapy, and folic acid or vitamin B 12 never 
affects it. Transfusions are rarely indicated. Sple- 
nectomy is ineffective. 

Tlic vvliite cell count is within noimal limits in 80 
per cent of cases. A mild leukocytosis is common in 
early activ’e disease. 

The crj'throcyte sedimentation rate is almost al- 
ways elevated during active disease and is valuable 
as a rough index of activity. Other nonspecific host 
responses which may be used to estimate disease 
activity include C-rcactive protein and hyperglob- 
ulinemia, with elevations predominantly in the 
alpha-2 and gamma fractions. 

Serologic tests for rheumatoid factor are posiUve 
in 75 per cent of adult patients with “classical" or 
“definite" rheumatoid arthritis, as defined by the 
criteria of the American Rheumatism Association. 
Since these tests are negativ’e in almost all cases of 
rheumatic fever, gout, osteoaitlwitis, ankylosing 
spondylitis, or suppurative arthritis, they arc useful 
in differential diagnosis and are of special value in 
clinical investigations, where comparability of 
groups of cases is required. Tlic rheumatoid factor 
tests also have prognostic significance: pabents with 
consistently positive tests generally follow a pro- 
gressively unfavorable course as compared with 
those whose tests are repeatedly negative 
The rheumatoid factor is a y-globuhn with a 
molecular weight of about 1.000,000. It circulates 
in the plasma as a soluble complex, combmed with 
smaller y-globulins of 160,000 molecular weight 
Several serologic tests for rheumatoid factor are 
in common use, but the basic principle of all 1$ tlie 
same: the test serum is added in serial dilutions to 
a suspension of particles which have been coated 
with a “sensitizing” substance. The particles may 
be sheep or human red blood cells, latex (a syn- 
thetic polystyrene), or bentonite (a natural clay). 
In the sheep cell agglutination test the red cells are 
coaled with a subagglutinating dose of rabbit anti- 
senun against sheep erj'throcytes-, in the latex or 
bentonite tests the inert parbcles are coated with 
aggregated human y-globuhn. The test is con- 
sidered positive when a serum agglutinates sensi- 
tized sheep cells or bentonite parUcles at a dilution 
of 1:32 or higher, or latex particles at 1:160 or 
higher. 

In the first few months of rheumatoid arthritis 
these tests are likely to be negative; most cases be- 
come positive after 6 months. The tests are posiUve 
in 95 per cent of rheumatoid patients who have 
subcutaneous nodules. Especially high titers are 
found in those with splenomegaly, vasculitis, or 
neuropathy. Contrariwise, only 10 to 20 per cent 
of those with juvenile rheumatoid arthritis have 
positive tests. In two allied diseases — systemic lupus 
erythematosus and progressive systemic sclerosis — 


die test is commonly positive. In random samples of 
the population the frequency of positive tests ranges 
from 1 to 5 per cent. 

Syoov'ial fluid findings, discussed previously, are 
usually not specific. 

Radiologic examination of the affected joints is 
helpful in diagnosis and in charting the course of 
rheumatoid arthritis. The earliest changes, which 
arc subtle and should be sought meticulously, con- 
sist of soft-b'ssue swelling, osteoporosis, penosteal 
elevation, erosions and narrowing of joint space. 
Osteoporosis is due to disuse and is at first juxta- 
articuiar (paracpiphyseal). Later it becomes dif- 
fuse and characterized by narrowing of shaft cor- 
tices and coarsened trabecuIaUons. Erosions are the 
most characteristic radiologic fe.iture of chronic 
rheumatoid arthrfbs. Surface erosions are recog- 
nized early by the loss of the delicate white Ime of 
the articular cortex and are especially well visu- 
alized in the hands and feet. Enclosed erosions may 
attain sizes of several centimeters and must be dis- 
tinguished from pseudoc)Sts and the “punched-out” 
areas of gout. Narrow'cd joint space results from 
destruction of articular cartilage, and is tirerefore 
nonspecific. 

Diagnosis. In the patient who gives a history of 
prodromal s)’mptoms, paresthesias, weight loss, re- 
peated episodes of acute migratory polyarthritis, 
and who exhibits on e.xommation symmetric de- 
forming arthritis with flexion contractures, ulnar 
deviation, and subcutaneous nodules, a diagnosis of 
rheumatoid arthritis may be readily made. How- 
ever, the help of a physician is usually sought at 
an earlier stage of the disease when the dinical 
picture may be that of an acute febrile polyarthritis 
or merely monarticular disease. 

Many syndromes may mimic rheumatoid arthntis 
in its early phases. One of these is rheumatic fever 
(p. 914); another is systemic lupus erythematosus 
(p. 1892). An acute attack of gout may closely re- 
semble early rheumatoid arthritis but may be ruled 
out by a normal blood uric acid concentration and 
by a failure to respond promptly to colchicine. 
Reiters syndrome may be differentiated from rheu- 
matoid arthntis by (1) its prevalence in young 
men; (2) history of recent urethritis; (3) predomi- 
nance of arthritis in the lower extremities; and (4) 
its mucocutaneous manifestations. 

Degenerative joint disease is distinguished from 
rheumatoid arthritis by the presence of Hebcrden s 
nodes, involvement of the distal rather than the 
pcQxunal interphalangeal joints, infrequent involve- 
ment of the rvrist and metacarpophalangeal joints, 
and the lack of muscular wasting. 

In the last analysis, the most helpful diagnostic 
aids are certain physical signs (sustained symmetric 
inflammatory polyarthritis, ulnar deviation, and 
subcutaneous nodules), positix'e tests for rheuma- 
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lolcl factor, and characteristic roentgcnogrophic ab- 
normalities. 

Management. Efforts are directed toward w 
assuring proper amounts of rest and ewreise, (2) 
the relief of pain, (3) combating the rheumatoid 
process, (4) preventing deformities, (5) correct- 
ing deformities which have developed, (6) con- 
trolling complications, (7) maintaining nutrition, 
and (8) rehabilitating the patient. 

It is generally agreed that the earlier the iheta- 
pcutic efforts, the more salutary the outcome. The 
p.'iticnt should be helped to develop n degree of 
optimism and coniidencc but should under no cir- 
cumstances be led to expect a rapid cure. He should 
be told that much can be done to relieve pain and 
prevent crippling but that the course of his dis- 
ease cannot be predicted wIlli precision and that 
medical care may be required for months or years. 

Hest and Exereue. Most investigators agree that 
in certain stages of rheumatoid arthritis, rest is 
beneficial. In general, patients with acute poljitr- 
thribs and fever shcruld be at complete rest. 
In milder cases, 8 to 10 hr of sleep at night and 
bnef rest periods during the day should bo advised. 
Exc-essive fatigue should be avoided. In order to 
maintain tlie patient's morale, he should be encour- 
aged to continue work as long as it is not tiring 
or traumatfz/ng to /omts. fn imld and moderate 
cases, special exercises should be prescribed along 
with rest to obtain the fullest possible range of 
joint motion, but these should not be so sev'cre that 
joint pains persist for more than 1 hr thereafter. 
During the periods of severe disease, and espe- 
cially in the early ease, hospitalitatien « highly 
desirable to establish the optical medical regimcn, 
to institute physiotherapy, and to instruct the pa- 
tient so that he can continue ph)'siothcrapy at 
home. 

Relief of Pain. Pain relief is important in itself 
and must be acJiieved before active physical ther- 
apy can be undert.iken. Many of the pliysical meas- 
ures to be described, such as (be application of 
heat, may help to alleviate pain. Drugs such as 
morphine and Demerol should be strictly avoided 
because of the danger of addiction. Codeine may 
be used in unusual circumstances for brief periods. 
Since pain is largely tic result of inflacnm.'ition, the 
drug of choice should be anti-inflammatoy rather 
than strictly analgesic. Tliree widely used groups 
of agents help to combat inflammation; salicylates, 
plicnvlbutazonc (Butazohdin) or its analogues, and 
adrenocortical steroids. 

Salicylates should be tried first; they frequently 
achieve the desired result and are least to^ic imd 
least costly. Acetjlsalicylic acid (aspirin) and so- 
dium salicjhte seem to be equally effective, but 
care should be taken not to give sodium salicylate 
to patients with cardiac or renal disease, in whom 


sodium restriction is desired. Aspirin should not be 
green only “as needed for pain” but regularly and 
Irciqucntly “around the clock” in doses to maximal 
benefit or to tolerance. Administration with meals 
and at bedtime often suffices. Gastric disturbances 
may be overcome by using buffered aspirin or an 
enteric-coated preparation. The coated tablets 
sometimes traverse the gastrointestinal tract un- 
altered. 

The initial dose of aspirin in ambulatory patients 
is usually 2.4 Cm daily, but if the response is un- 
satisfactory, the dose should be increased untO the 
desired response is achieved or side reacUons su- 
pervene 

Salicylate therapy should be given the fullest 
possible trial before turning to other agents In 
tliosc cases not alleviated by salicylates there is 
considerable disagreement as to whether one should 
next try antimabnals, gold therapy, adrenocortical 
steroid therapy, or phenylbutazone. 

Phenylbutazone (Butazolidin) has had wide- 
spread clinical tnal m various rheumatic states. 
Curiously, its effectiveness in rheumatoid spondy- 
litis and acute gouty arthritis seems more striking 
and more predictable than in peripheral rheuma- 
toid arthritis, where major clinical improvement 
has been reported in approximately 25 to 40 per 
cent of cases. The erythrocyte sedimentation rate 
docs not decrease consistently with its administra- 
tion, and it IS potentially dangerous. The Incidence 
of side reactions varies considerably. In one large 
series of 800 coses, side reactions appeared in 40 
per cent of patients, and in 15 per cent the drug 
bad to be discontinwed. Toxic effects isvclude 
agranulocytosis, hypoplastic or hemolytic anemia, 
thrombocytopenia, peptic ulceration, and retention 
of sodium ond water. Because of side reactions 
doses of no more than 300 to 400 mg daily are now 
lecommended, but hematopoietic disorders may oc- 
cur even at this level. In view of the toxicity of 
phenylbutazone, it should not be given until after 
other less hazardous measures have failed; it is con- 
Iramdicated in patients with a history of aliergy', 
pepticulcer, or cardiovascular renal disease. If aftc^ 
7 to JO days of administration the patient does not 
Improve, the drug should be discontinued. 

AntimalarinU, Both chloroqume phosphate and 
hydroxychloroquine sulfate have been shown re- 
cently hy “double-blind" therapeutic trials in rheu- 
matoid artliritis to have a significant antlrhcumatic 
effect. Improvement is slower and less dramatic 
than with corticoid therapy*; benefit begins in 2 to 
JO weeks. It is administered orally, 250 to 500 mg 
chloroqume or 200 to 400 mg hydroxychloroquine 
daily. Side reactions occur in up to 50 per cent of 
pab’ents but are usually not serious, consisting of 
lichenoid and otlier types of dermatitis, anorexia, 
nausea, vomiting, loss or blanching of hair, cornea! 
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infiUradon, mental disturbances, and anemia or 
leuVcopenia. 

Adrenocortical Hormones. A full and detailed 
discussion of adrenocortical steroid therapy in clini- 
cal medicine, including the various types of steroid 
honnones, dosage, route of administration, contra- 
indications, complications, and precautions, appears 
elsewhere (p. 625). In 1949 when Hench and his 
associates first demonstrated the prompt and strid- 
ing subjective improvement in patients with active 
rheumatoid arthritis given cortisone or corticotro- 
pin, hopes for its use were high. It was not long, 
however, before the limitations and dangers of 
these agents began to be recognized. Considerable 
disagreement pre\’ails upon such issues as whether 
or not they should be used at all in rheumatoid 
arthritis, when to administer them, which of the 
many steroids to select, in what doses, for how 
long, and in conjunction with what other thera- 
peutic measures. 

After several years of experience \vith these 
agents, certain general conclusions may be dtawm 
(1) Prednisone, singled out for this discussion, is 
a potent, nonspecific, anti-inflammatory agent. It 
docs not act in rheumatoid arthritis as replacement 
therapy in a deficiency state, as insulin docs in 
diabetes mellitus. (2) In the vast majority of pa- 
tients with active rheumatoid disease, prednisone 
in adequate dosage can induce rapid suppression 
of the symptoms and signs, as shown by regression 
of fever, joint manifestations, size of enlarged 
lymph nodes, scleral nodules, and other signs of 
ocular inflammation and pericarditis. Synovial fluid 
findings may revert to or toward normal. (3) On 
the other hand, in spite of clinical improvement, 
anemia may not be completely corrected, the eryth- 
rocyte sedimentation rate may not be reduced to 
norma] levels, the serum protein abnormalities may 
persist, and the sheep cell agglutinating titer may 
remain unaltered. None of these tests should in 
itself serve as a guide to Uwrapy. (4) The results 
of prednisone treatment are better in patients m'lh 
sc\cre inflammation. Other variables important in 
the outcome arc dose and duration of admlmstra- 
tion, other concomitant therapeutic efforts, and psj’- 
cliologic factors. (5) Some patients fail to improve. 
In many instances, this m.ny be attnbuted to irre- 
versible changes, severe contractures, or ankjdosis 
nhich had taken place prior to therapy, or to in- 
sufficient dosage. (C) Subjective and functional Im- 
pTOvtment usually ctcccd objective improvement. 
Joint destruction, as shown by serial roentgeno- 
graphic studies, usually progresses. (7) Prednisone 
therapy by itself is insufficient and should be com- 
bined With the usual conservative program — rest, 
phj-sical therapy, and salic)latcs. Actually, steroids 
ha%e proMHl cxccedinglv helpful adjuncts to lw»th 
physical llicrapj’ and orthopctlic surgical convrtion 


It should be strongly emphasized that the corti- 
costeroids are hazardous and should be withheld 
until the fullest possible trial with rest, phjsical 
therapy, and salicjlates regularly given has failed 
to modify the course of the disease. Nevcrllieless, 
the concept that corticoid therapy should be a 
measure of last resort can be carried too far. Time 
is important in rheumatoid arthritis: the patient 
should not be allowed to become irreversibly in- 
capacitated by his disease before prednisone is 
tried. Rapidly progressing articular or s)Stemic dis- 
ease, intractable pain requiring narcotics for con- 
trol, and the patient’s economic and social situa- 
tion should also play a role in deciding when to 
institute steroid therapy. 

In such a chronic disease long-term therapy will 
probably be required. Therefore, large initial doses 
are no longer given, one starts w'lth a lower, safer 
dose — 10 to 15 mg or less prednisone d.iily After 
manipulation, a “maintenance" dosage is deter- 
mined, but every effort should be made to keep 
this at a mmimum, and one may have to com- 
promise one's therapeutic efforts, if the dosage re- 
quired to suppress sj-mptoms is high and, tlicrcforc. 
hazardous. Under any cucumstanecs, gradii.nl dose 
reduction should be earned out periodically, at least 
eveiy 6 monllis, m the hope that the p.iticnt mai 
be entering a remission spontaneously 

The complications of corticosteroid administra- 
tion and tire contraindic.itions to such therapy arc 
discussed on p 625. Those complications to which 
patients with rheumatoid artliritis arc speciall) sub- 
ject include (1) gastric and duodenal ulcers (more 
common In persons with untreated rheumatoid .ar- 
ihritis than in the general population), (2) osteo- 
porosis and fractures, commonly of the vertebral 
bodies of the thoracic and lumbar spine, especially 
in postmenopausal women, and (3) necrotizing ar-" 
Icritis (also a feature of the untreated disease and 
resulting at times in ncurop.ilhy or ulcers of the 
cxtrcimtics)- 

Intraarticular injections of suspensions of corti- 
costeroid esters arc useful when only a few easily 
accessible joints arc mvoKcd. Tlie amount injccteil 
varies from 10 to 50 mg, depending on size of 
joints- In most coses substantial relief of pain and 
stiffness lasts for 1 to 2 weeks. The procedure is 
then repeated as indicated. 

ChrysotJicraptj. Until the advent of adrenocorti- 
cal steroid therapy, gold compounds were porhips 
the most popular of the specific agents in the treat- 
mait of rheumatoid arllmtis. The mechanism of 
their action has not been elucidated. They arc not 
effecthc in any otlicr rheumatic disease. Significant 
unprovemenl has taken place in 40 to CO per cent 
of p.alicnt$ among the reported series. If appean 
from a few wcll-controlhxl clinical trlnls llul gnld 
>$ Iwwficial, although its ad%anin:e «n<T imirc tr>u- 
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tine meas\iics is motJeiate. Jt is given over several 
months, and tlie reported improvement characteris- 
tically occurs gradually. Tlie remissions seen after 
a single course (total dosage of 1 Gm) are usually 
temporary. The value of maintenance therapy h« 
not jet been fully determined but thus far seems 
impressive. 

Several gold compounds are available; most of 
them contain approximately 50 per cent of metallic 
gold, are water-soluble, and are given intramus- 
cularly. Tlie usual regimen consists of an initial test 
dose of 10 mg, a second injection of 25 mg 1 week 
latoT, and 50 mg vveeUy thcitaftw vmift u ttyitd dose 
of 1.0 Gm has been given. Maintenance therapy 
is usually 50 mg every second or third week. 

Toxic reactions occur frequently (in up to 50 
per cent of patients), vary in seventy', and are 
rarely fatal (in less tlian 1 per cent of patients). 
Tliey include skin disorders, varying from pnmlus 
to severe c.xfoliative dermatitis, stomatitis, bemalo- 

I iolctic disturbances — hypoplastic anemia, agranu- 
ocytosis, or thrombocjiopcnia — and nephritis 
^Vith the exception of the hematopoieUc damage, 
which may not respond to any form of therapy, 
these toxic reactions usually disappear after gold 
is discontinued or, If severe, during treatment with 
BAL (British anti-lewisite) or adrenocortical ster- 
oids. Wor to each injection, the patient should be 
carefully interviewed and e»mined for symptoms 
and signs suggesting gold toxicity. There is neither 
synergism nor antagonism between gold and adren- 
ocortical steroids. 

Phjiicat Therapij. A primary objective is prccen- 
Ibn of loss of normal joint motion which ultimately 
leads to crippling Therapeutic exercises, essentially 
nontiring movement to cany the joints through 
their normal range of motion daily, arc prescribed. 
Active exercise is preferable; assistance may be 
given when needed. 

Prcocntian of dcformitij requires attention to po- 
sitioning in bed and to posture in general. Use of 
a board beneath the mattress prevents sagging. The 
patient should be encouraged to he flat on his back 
when resting or sleeping, to use as small a pillow 
as possible under the head and neck, to avoid al- 
together the use of pillows under tlie knees, and 
to sit in a chair with a firm seat and straight back. 

Graded exerdses arc given to Increase or main- 
tain mttscle power. For patients confined to bed 
and unable to perform strengthening exerdses, 
“muscle setting" (isometric contraction) is pre- 
scribed for the tjuadriceps and gluteols, which lend 
to wc.ikcn rapidly on bed rest 

Ileal is generally used preceding exercise to di- 
minish pain and muscle spasm and permit increased 
ranged motion. Thehot tub bath is incVicatcd when 
invoKemcnl is extensive. For one or two joints, hot 
compresses or a hc.al bulb may l>e used. TIjc par- 
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affin bath, which can be set up at home, is paihcu- 
larly effective for hands and wrists. 

Qtnes and crutches are prescribed as assisb’ve 
devices when it is necessary to reduce stress on 
lups, knees, and feet. 

Ambulation is frequently aided by properly de- 
signed and well-fitted shoes. A straight last is gen- 
erally recommended in contrast to a style which 
crowds the toes and ultimately causes deformity. 
A long counter and Thomas heel will provide help- 
ful additional support to the patient whose foot 
tends to pronate, or roll inwards. The metatarsal 
bar is a simjAe and efieettve device for Tclieving 
pamful pressure in the area of the metatarsal heads 
Splints and casts, properly applied, immobilize 
an inflamed and pamful joint more completely than 
it can be immobilized by general limitation of the 
patients activity. Particularly useful are “gutter 
splints" and long leg cylinder casts. Worn at night, 
they can prevent threatened flexion contracture of 
the knee. To correct a flexion contracture, a series 
of cylinder casts may be needed, each gaining a 
few degrees of extension. Functional wrist splints, 
which immobilize and protect the painful or de- 
formed wrist whde permitting active use of fingers 
and hands, have also proved to be effective. All 
splints and casts are made removable to enable the 
joint to be put through its range of motion daily. 

The phj'Sical therapy program usually will have 
to be continued over a long period of lime, making 
it important to prescribe measures which ate readily 
earned out in the home. 

Therapists also give specific training to increase 
tlw patient s capacity to perform activities of daily 
living such as bathing, dressing, and eating, and in 
the case of the housewife, to improv'e function in 
kitchen and household routines In addition, ap- 
propriate simple and inexpensive devices, such as 
a long-handled shoe horn, a bathtub scat, and a 
built-up knife and fork, arc recommended to en- 
able the patient to become self-sufficient despite 
we-ikwess and fixed joint deformities. 

VARIANTS OF RHEUMATOID ARTHRITIS 
Juccnite nheumaloid Arlhritis 

Commonly called “Still’s disease,” this disorder 
begins in children before puberty and comprises 4 
per cent of all cases of rheumatoid arthritis 

Systemic symptoms and signs arc more severe in 
the juvenile than in the adult form. Fever often 
spikes daily to 105*F and may continue for months 
Lympliadcnopalhy occurs in 60 per cent of cases 
and splenomegaly in 30 per cent. A transient and 
rccurrmt rash, consisting usually of smah, cryihfm- 
atous, macular or maculopapiikir lesions, is seen in 
one-fourth of cases Pericarditis, picurifis, and 
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pneumonitis are common features. Subcutaneous 
nodules are relatively rare. The juvenile form tends 
to affect the larger joints, especially in the earlier 
stages, and spondylitis is common. Grou'th and de- 
velopment may be impaired. Leukocyte count is 
often as high as 50,000 per cu mm. Rheumatoid 
serologic tests are positive in only 10 to 20 per 
cent of pafa'ents; a special inhibition technique in- 
creases this in about 80 per cent of cases. 

Early in the disease, differentiation from acute 
rheumatic fever or systemic lupus ery'thematrwus 
may be difficult. \Vhen juvenile rheumatoid arthri- 
tis presents monarticularly, as in the hip or the 
knee, tuberculous arthritis must be carefully ruled 
out. 

The natural history of juvenile rheumatoid ar- 
thritis has not been fully charted. Contrary to ear- 
lier beliefs, the disease may be mild and result in 
little deformity. Satisfactory functional recovery oc- 
ean in tbiee-fouxths of the patients. Also contrary 
to earlier tenets, the disease process does not ter- 
minate with puberty. In cases with prolonged and 
severe involvement, secondary amyloidosis may ap- 
pear. Management is generally similar to that for 
adult rheumatoid arthritis. 

Anki/Ioaing Spondylilir 

This disorder (also called Marie-StrumpeU ar- 
thritis or fheutnefoid spondtjhlis) is a chronic ar- 
thritis involving the spine, saaoiliac joints, and in 
a minority of cases, peripheral joints as well Some 
investigators bebeve it to be a v'ariant of rheuma- 
toid arthritis; others think it is a separate and dis- 
tinct, but homogeneous, disease; still others look 
on it as a heterogeneous group of diseases with a 
common sj^nplomatology. Those who propose that 
it is merely a variant pouit to the pathologic simi- 
larities in the two diseases and the fact that involve- 
ment of the peripheral joints in spondylitis is clini- 
cally indistinguishable from classical rheumatoid 
arthritis. The separabsts can marshal several sup- 
porting arguments. Eighty to 90 per cent of spon- 
dylitics are men, whereas 60 to 70 per cent of 
rheumatoids are women. Spondylitis usually begins 
at a younger age. Subcutaneous nodules are almost 
never found in spondylibs. WTien the peripheral 
joints are involved in spondylitis, the common sites 
are the shoulders, hips, and knees; in rheumatoid 
arthritis, fingers, wnisls, toes, and ankles predomi- 
nate. Serologic reacb'ons, such as sheep cell agglu- 
tination, are usually negative in spondylitis. Other 
points include the tendency for spondylitis to pro- 
duce calcification of ligaments (absent in ibeuma- 
toid arthritis), to respond to x-ray therapy, and to 
fail to respond to gold. Lastly, tlie role of inherit- 
ance has been more firmly established in spondy- 
htis. It has occurred in idenbcal twins and is ap- 
parently inherited through an autosomal dominant 


gene with a penetrance of 70 per cent for the male 
and 10 per cent for the female. 

The basic pathologic lesion is a synovibs similar 
to that of peripheral rheumatoid arhritis. The dis- 
ease usually begins in the sacroiliac joints. Initially, 
these evhibit condensab'on of bone; later, they show 
erosions, articular narrowing, and in most instances, 
obliteration of the joint space with bony anlydosis. 
The next event is involvement of the spine where 
^movitis is confined to the posterior intervertebral 
joints, the only true diarthrodeses of the vertebral 
column. Later the spinal ligaments become calci- 
fied. Demineralization of the vertebral bodies may 
appear during any phase of the disease. 

Spondyhbs usually begins insidiously, with sHff- 
ness of the back after inactivity, lumbar pain with 
root radiation, often sciatic, and limitation of for- 
ward bending. The lumbar spine gradual!)’ loses 
its nonnal lordosis, ^^'lth progressive involvement of 
the costovertebral joints, chest expansion dimin- 
ishes and pain may be ebcited by deep inspiration, 
coughing, or sneezing. As the spine fuses it may 
be held erect, the so-called “poker spme," but more 
frequently, the pull of the spinal muscles results 
in dorsal kyphosis and scoliosis Frequently the 
head becomes fixed in forward displacement. Pe- 
ripheral joint involvement may either precede or 
follow spinal disease. In many instances it is brief 
and intermittent, but in one.fourth of the patients 
it persists, characteristically in the “root joints” 
(shoulders and hips). About 3 per cent of patients 
develop aortitis and aortic msuSclency. 

Although the course of the disease may vary a 
great deal, the usual pattern is persistent activity 
for 2 or 3 years, with pain, low-grade fever, weight 
loss, anemia, and a high sedimentation rate As the 
spine fuses, pain disappears, on the average 10 
)ears after onset. In contrast to patients with 
rheumatoid arthritis, the majoritj’ (roughly three- 
fourths) of those with spondylitis continue to lead 
relatively normal lives; less than 10 per cent be- 
come totally incapacitated. The av’erage duration 
of life after clinically detectable aortic insuffia'ency 
dev'elops is 10 years. 

The general principles of management are simi- 
lar to those employed in rheumatoid arthritis — the 
relief of pain and the preservation of the best pos- 
sible skeletal function. For analgesia, salicylates in 
the fullest tolerable doses should be tried first. 
X-ray therapy affords pain refief to many patients. 
Since the incidence of leukemia after radiotherapy 
is at least twenty limes that in the general popu- 
lation or in those with spondjlitis wnthout radio- 
therapy, tills form of treatment may be unjustifi- 
able. Phenylbutazone (Butazolidin) appears to be 
more effective in spondvbtis than in peripheral 
ibeumatoid arthritis. It is particularly helpful in 
tninimuang periodic painful attacks in ambulatory 
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patients. The contraindications, complic-ations, and 
appropriate prophylactic measures are described fai 
the section on peripheral rheumatoid arthritis. The 
Indications for adrenocortical steroid therapy are 
fewer than in rheumatoid arthritis, being largely 
confined to patients with severe, sustained disease 
In whom the peripheral joints are also seriously 
affected. 

Special attention should be paid to Iceeplng de- 
formities to a nunimum by seeing that fusion talces 
place m the optimal position. The bed should be 
kept flat, by placing a board underneath a firm 
mattress, and the head pillow small to prevent 
kjphosis and neck flerion. A small pillow under 
the lumbar spine may preserve the normal lordotic 
curvature. Exercises of the paravertebral, abdomi- 
nal, and respiratory muscles are designed to main- 
tain a straight back and neck and to lelain ventila- 
tory sufficiency. Muscle relaxants may be useful in 
the early phases of tlie disease Back braces may 
help to combat thoracic kj-phosis. Barely, in the 
extremely deformed patient, lumbar osteotomy may 
be indicated. 

Psoriatic Arthriti* (or Arthropathy) 

The incidence of arthritis is greater in patients 
with psoriasis than In Uie general population. In a 
minorit)' of those with psoriasis and arthritis, there 
is striking involvement of the distal inlerphalangeal 
joints, often with marked destruction and psoriatic 
ch.inges in the adjacent nails. Some investigators 
consider this true “psonalic arthropathy." The ma- 
jority of cases resemble clinically rheumatoid ar- 
thritis. However, several features distinguish both 
forms from rheumatoid arthntis; the conspicuous 
absence of subcutaneous nodules, high inadence of 
sacroiliac mvolvement, and a low incidence of posi- 
tive rheumatoid factor tests (perhaps no greater 
than in the population at large). Tlie psonasis osu- 
•■illy antedates the arthritis by months or years, al- 
tliough they may appear simultaneously or the ar- 
thritis may come first. The principles and details 
of management are similar to tliose of rheumatoid 
arthritis, although chloroqiilne should be avoided 
for it may precipitate a severe attack of psoriasis. 
Contrary to earber reports, triamcinolone has no 
advantage over other corticosteroids. 

Felly’s Syndrome 

In 1024, Felly reported a series of five patients 
with febrile migratory polyarthritis, splenomegaly, 
and leukopenia Subsequently, many other suA 
cases have been described and the disease present- 
ing with this tnad has since borne his name. Three 
of his five patients also exhibited brown hyperpig- 
mentation over the exposed siufaces. Tliis s}‘ndrome 
IS usually encountered in f.ar-advanced rheumatoid 
disease; its separation as a svaidrome is perhaps 
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unwarranted. The senim may contain unusually 
large amounts of rheumatoid factor. Lupus ery- 
tliematosus (LE) cells and antinuclear antibodies 
are more frequent tlian in rheumatoid arthntis hi 
general. There may bo anemia and thrombocyto- 
penia, in addition to the neutropenia. The henw- 
tologic abnormalities respond to splenectomy, l>ut 
the arthntis is unaffected. 


ARTHRITIS AND 
GASTROINTESTINAL DISEASE 

Vleerative Colitis 

lUieumatic complaints are common in ulccrati'C 
colitis, occuning in as many as half the cases. 
excluding degenerative joint disease, traumatic ar- 
thritis, rheumatic fever, and gout, three groups 
main: (1) “oolitic arthritis,” 10 to 20 per cent of 
cases; (2) ankylosing spondylitis, 5 to 10 per ceflR 
and (3) definite rheumatoid artlintis, 2 to 3 
cent (an incidence perhaps no greater than in the 
general population). 

Colilic arthritis is an acute synovitis which I* 
mostly monarticular; if polyarticular, it is usually 
asymmetric. Tlie joints involved are taiee, ankl®> 
elbow, and proximal intcrphalangeal joint, In 
of decreasing frequency. Attacks last only a ff"' 
weeks, the recurrence rate is high. Histologically* 
the synovitis resembles that of rheumatoid arthntw- 
The arthritis usually develops during exacerbations 
of colitis and late in the disease; it Is more eoinin°" 
m those with perianal suppuration, pseudopolypo* 
sis, and/or erythema nodosum. Features which 
to distinguish cohtic arthritis from rheumatoid Ar- 
thritis arc (1) younger age at onset, (2) absence 
of residual deformity, (3) absence of subcutaneous 
nodules or tendon sheath lesions, (4) paucity ®f 
radiologic cliangcs, (5) negative tests for rheiufl*''" 
loid factor, and (0) an apparent cure after colA^ 
tomy Moreover, patients with rheumatoid aithii^ 
develop ulcerative colitis only rarely. 

The majority with spondylitis and colitis are mfO 
Symptoms of spondylitis may antedate (by sevc<^ 
years), coincide with, or follow the onset of coliti*: 
they may persist after colectomy. In most paticf^ 
the x-ray changes are confined to the sacroiliac 
joints, but other portions of the spine may be 
volved. Certain patients complain of low-back pa*” 
dunng attacks of colitis, but have no radiologic 
evidence of spondyLtis. 

Regional Enten'fls 

As with the other s)stem{c "compbeahons” of 
gional enteritis, both peripheral artlvritis and spo^' 
dybtis are less frequent than in ulcerative coliti^* 
the incidences being estimatcil at 2 to 6 per ceU^ 
and 1 to 2 per cent, respectively. Most patients 
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have ileocolitis, the distribution of the acute or sub- 
acute arthritis resembles that in ulcerative colitis, 
and U\e severity of the artluitis parallels the activ- 
ity of the enteritis. 

Whipples Disease 

This disorder, first described by M'hipple in 
J907, and also known as intestinal lipodystrophy 
or lipogranulomatosus, is a sy’stcmic disorder of 
middle-aged men, manifested by intermittent ar- 
thritis, wiiight loss, cutaneous hyperpigmcnlalion, 
I)TnphadenQpalhy, abdominal pain, diarrhea, and 
intestinal malabsorption. Diagnosis niay be made 
by finding periodic acfd-Schiff (PAS)-positive ma* 
tcri.ll in lymph node or jejun.il biopsy. 

Tlie joint ini'oh'cment, ^^•hich usually antedates 
other manifestations by months or years, consists 
of a migratory polyarlhralgta or polyarthritis affect- 
ing any joint. Articular recuiTcnces accompany ex- 
acerbations of abdominal symptoms, but joint de- 
fonnities do not develop. 


SJOGREN’S SYNDROME 

In 1933, Sjogren, a Swedish ophllialmologist, re- 
ported among patients witli keratoconjunctivitis 
sicca the additional findings of xerostomia, enlarge- 
ment of the lacrimal and salivary glands, and rheu- 
matoid arthritis. Since then, he and olliers have 
extended lliese observations and cmpliasizcd the 
wtemie nature of the disorder. The syndrome is 
cefined variously by the presence of two or mote 
of these manifestations. Recent clinical, histologic, 
and laboratory investigations have proM'ded infor- 
instian possibly of cotiskhrahlc potbogciretic sig- 
nificance for diis and related disorders. The ma- 
jority of patients are women with a mean age of 
50 years. 

Clinical Features. In the fully developed case, 
the disorder involves virtually all the exocrine 
glands of the body. Keratoconjunctivitis sicca is 
recogni:^ by (1) stinging and grittiness of the 
eyes, (2) reduced lacrimal secretion as measured 
by the Schirmer test (p. 418), (3) desquamation 
of comeal or conjunctival epithelium as demon- 
strated by rose hengal staining, and (4) filamentary 
keratitis (sbt lamp examination). With xerostomia, 
there are dry mouth, decreased salivary flow, and 
abnormal sialogram. The lacrimal and/or parotid 
glands are enlarged in one-half the cases. The mu- 
cosa of nose, pharynx, and knrynx may be dry and 
atrophic. There may be a dry cough, with tracheo- 
bronchitis, pneumonitis, and/or pleuritis. InvoUc- 
ment of the alimentary tract results in dysphagia, 
achlorhj'dria, or constipation. Many patients have 
atrophic vaginitis. 

UaU the patients have definite rheumatoid ar- 
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thritis; a few, transitory polyarthritis. Felly’s syn- 
drome is occasionally encountered. Conversely, 13 
per cent of patients with rheumatoid arthritis have 
Iceratoconjunctivitis sicca. Less frequently seen in 
Sjogren's syndrome are purpura (usually nonthrom- 
bocj'topenic), Raynaud’s phenomenon, thyroid en- 
largement, lymphadenopathy, splenomegaly, hepa- 
tomegaly, focal myositis, arteritis, and peripheral 
neuropathy. Sjogren’s syndrome has been associated 
with each of the collagen disorders (systemic lupus 
erythematosus, progressive systemic sclerosis, poly- 
arteritis, and polymyositis) and with purpura hy- 
perglobulincmia (of Waldenstrom) (p. 1344). 

Laboratory Findings. One-third of patients with 
Sjogren’s syndrome have anemia, which is usually 
mild. A leukopenia, xvith fewer than 4,000 leuko- 
cytes per cu mm, is also found in one-third of pa- 
tlents; rarely is it severe- One-fourth have eosino- 
philia. Tlie erythrocyte sedimentation rate is usu- 
ally raised. 

Most patients have bvpciglobulinemia, mainly 
from an increase in y-globulin of the 7S type. Tests 
for rheumatoid factor by several different methods 
(sheep cell agglutination, bentonite flocculation, 
latex fixation) are positive in Uie vast majority of 
cases, even in those having no joint symptoms 
Similarly, most patients, wiA or without arthritis, 
have antinuclear factor (p. 1S93), althou^ LE 
cells are found in only a few, with severe rheuma- 
toid arthritis. There is an appreciable incidence of 
complement-fixing antibodies to suspensions of 
homogenates from various tissues; these antigens 
arc neither organ- nor spcctes-specific. 

Abnormalities on urinalysis are unusual but sev- 
eral patients have shovni an unexplained inabibty 
to conceatrale uritte. Chest z-rays easy reveal 
pleural thickening or atelectasis. 

Pathology. Charactenstically, the salivary' and 
lacrimal glands reveal massive dense infiltration 
with lymphocytes and plasma cells (as in the thy- 
roid of llashimoto’s disease), atrophy’ of acini, pro- 
liferation of the duct-lining cells, and myoepithelial 
islands. This is the histologic picture of Mikulicz’s 
disease, and on the basis of this and other evidence 
Morgan and Castleman in 1953 concluded that 
Sjogren's syridrome and primary Mikulicz’s disease 
were the same. Muscle biopsy may reveal a wide- 
spread acute myositis or a mild ciuonic focal niyo- 
sitis. 

Etiology. The etiology' of Sjogren’s syndrome, as 
defined here, is unfcnovwi. Because of the strildng 
similarity of the histopathologic changes in the 
salivary and lacrimal glands to those in the thyToid 
gland in Hashimoto’s disease, and moreover, in 
view of the abundance of abnormal serum factors 
(rheumatoid and antinuclear factors) and circu- 
lating antibodies to tissue components, the possi- 
bility has been entertained that Sjogren's syndrome 
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In response to this primary injur)', certain sec- 
ondaiy productive or hypertrophic diangcs ensue. 
In areas ■where tire articular cartilage becomes thin, 
the underlying calcified cartilage becomes thiclc and 
dense. In the neighboring subchondral bone there 
is proliferation of fibroblasts, endosteal cells, and 
blood s’cssels. This subchondral granulation tissue 
then breaks through the calcified cartilage to reach 
tlie surface of the joint space. This surfacing of 
new bone, which later thickens and becomes highly 
polished, is called ehurnation. As a result, perhaps, 
of the response to injured cartilage and blood ves- 
sel proliferation, bony c.scresccnces, or osteophytes, 
begin to form at the joint margin. These consist of 
cancellous bone, the marrow spaces of which are 
continuous rvith those of epiphyseal marrow. 

S)'novial changes occur late and consist of a tis- 
sue response to the deposition of debris such as 
fragments of degenerating cartilage or bone. The 
s)’novial membrane may appear slightly h}'per- 
trophic, mostly from fibrosis, and with little cellular 
reaction. In advanced cases, fibrous thickening and 
contraction of the joint capsule may be intense. 
Although die mechanism of pain production in this 
disease is not well understood, it is possible that 
this shrinkage of the joint capsule, supplied as it 
is with somatic and autonomic fibers, may be re- 
sponsible. 

Clinical Features. Only a small proportion of pa- 
tients with DJD have sv-mptoms from the disease. 
Symptoms develop insidiously and consist chiefly 
of Joint pain and stiffness. The pain is character!^ 
tically aching and mild; it appears with exercise 
of the part and abates with rest. The stiffness, or 
articular "jelling,'’ dci-elops after prolonged rest in 
a fixed position and disappears a few minutes after 
resuming activity, m contrast to that of rheumatoid 
arthritis which may last for hours. Altliougb the 
disorder is frequently progressive, it rarely causes 
the degree of discomfort and invalidism encoun- 
tered in rheumatoid arthritis. 

Objectively the joints may appear entirely nor- 
ma], even in the patient with symptoms. Joint en- 
largement, when present, is the result of secondary 
hypertrophy of bone. The enlarged joints feel hard 
and knobby, unlike the soft, fluctuant swelling in 
rheumatoid disease. There may be tenderness but 
rarely excessive warmth or ery'thema. In the later 
stages a grating sensation, or crepitus, may be fell 
on moving the affected joint. There are no diag- 
noshc laboratory abnormab’ties or changes in the 
synovial fluid. 

In the symptomatic patient, the roenlgenographic 
appearance may be normal or there may be one or 
more abnormalities. These include (roughly in or- 
der of advancing disease) unevenness and narrow'- 
ing of the joint space, secondary to destruction of 
cartilage; sharpening of the articular margins; ir- 
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regularity and widening of the articulating sur- 
faces; bony sclerosis, or ebumation, as shown by 
heightened radiopacity at the ends of bone; osteo- 
phytes, or marginal lipping; and bone cysts. Osteo- 
porosis does not result from DJD; when it is pres- 
ent, other causes should be sought. 

The most commonly involved joints are those 
that bear weight (knees, hips, and lumbar spine) 
and also the cervical spine, shoulders, and distal 
inteipbalangcal joints of the fingers. 

Diagnosis. Since DJD and rheumatoid arthritis, 
the two most common forms of chronic joint disease 
in the middle-aged and the elderly, differ so widely 
in both prognosis and management it is important 
to distinguish one disorder from the other. In vir- 
tually every instance, this is readily accomplished. 
Differentiation should never be made on the basis 
of age alone. In contrast to rheumatoid arthntis, 
DJD is confined to tlie joint structures and is not 
a widely disseminated svstemic disease. There are 
no constitutional symptoms and signs such as fe- 
ver, weakness, fatigabilit)’, anore-xia, weight loss, or 
muscular wasting; nor are there laboratory abnor- 
malities such as anemia, leukocytosis, elevated sedi- 
mentation rate, or h)T3eTglobul5nemia The joints 
arc not hot or red and there are no subcutaneous 
nodules. The sheep cell agglutination test is nega- 
tive. 

Even though x-ray changes of an affected joint 
may be those of DJD, the ajticulat sj-mptoms and 
signs may be caused by a coexistent joint disorder 
such as rheumatoid arthritis or gout. In such cases, 
objective evidence of inflammation may have great 
diagnostic significance. Errors of overdiagnosis are 
commonly made in cases demonstrating osteophy- 
tosis of the spine; this rarely gives rise to symptoms 
In patients with back symptoms, some other proc- 
ess, such as a herniated nucleus pulposus, and not 
the DJD, may be responsible. At any rate, if pain 
believed to be attributable to DJD is severe and 
fails to respond to the usual measures, one must 
rule out other diseases such as metastasis of a ma- 
lignancy to bone, multiple myeloma, or osteomye- 
litis. 

Management. The most unportant fe.iture m the 
care of the patient witli DJD is to advise him that 
although his disease is annoying and at times un- 
comfortable it is not senous and not the kind (like 
rheumatoid arthritis) that causes severe pain, dis- 
ability, and crippling. By such reassurance, the pa- 
tient is spared the anguish of the pronouncement 
that he has “arthritis" and "nothing can be done.” 
Conservative measures — adequate rest of the in- 
volved joints, physical therapy including corrective 
exercises, and safe analgesics such as salicylates — 
usually suffice. Attention should be directed toward 
eliminating or minimizing secondary traumatic in- 
fluences. obese patients should lose weight. Ccr- 
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tain occupational adjustments may be made. Ab- 
dominal supports for lumbar spine disease aggra- 
s-ated by a sagging abdomen, and a Thomas collar 
or head traction for cervical spine involvement are 
other examples of ways to eliminate precipitating 
infiucnccs. Repeated intraarticular injertions of hy- 
drocortisone are beneficial only in those patients 
with a superimposed, nonspecific inflammatoiy re- 
sponse to fragmented cartilage or bone. The sjs- 
lemic use of such potentially hazardous agents os 
adrenocortical steroids or phenylbutazone should 
be discouraged. Corrective orthopedic surgical 
methods are useful for severely disabled and pain- 
ful liips and knees unresponsive to conservative 
management. 


inTERTROPinC OSTEOARTimOPATHY 

Definition. This disorder, also known as hyper- 
trophic pulmonary osteoarthropathy, ostcoarthropa- 
thie hypertrophiante pneumique, secondary hyper- 
trophic osteoarthropathy, and Marie-Bambetg,er 
syndrome, is characterized by (1) clubbing of the 
fingers and toes, (2) chronic periostitis with new 
bone formation at the distal ends of the long bones, 
and (3) arthritis. In the vast majority of cases, this 
syndrome is secondary to one of several div’erse, 
serious chronic illnesses in other parts of the body, 
in the remainder, it is hereditary or idiopathic Be- 
cause of its frequent association with diseases of 
the lung, the disorder is often called Tiypcrtrophic 
pulmonary osteoarthropathy,” but this is a restric- 
tive designation in that the primary disease may 
reside elsewhere, as in the heart, liver, or gastro- 
intestinal tract 

Formerly, chronic suppurative conditions, such 
as bronchiectasis, were the most common underly- 
ing diseases, but now pulmonary neoplasms bead 
the list. Osteoarthropathy may appear several 
monllis before the first symptom or sign of bron- 
chogenic carcinoma 

Classification, (i^pertrophic osteoarthropathy oc- 
curs either symmetricaHy, all four extremities usu- 
ally being involved, or unilaterally, affecting only 
one extremity, more commonly an upper. Sym- 
metric disease is subdivided into acquired, Itcredl- 
iary, and idiopathic forms. The acquired form is 
further categorized according to the location of the 
underlying condition: 

1. Pulmonary. Various pulmonary, pleural, and 
mediastinal disorders lead to (his S)'ndrome. It oe- 
curs in 5 to 10 per cent of eases of bronchogenic 
carcinoma; it has a high incidence in pleura! tumors 
but is rare in tumors which have metastasized to 
lung. Chronic infections include bronchiectasis, long 
abscess, and empyema. It is rare in tuberculosis. 
Artliropatliy has occurred with Hodgkins disease. 


aortic aneurysm, and other disorders of the medi- 
astmum, 

2. Cardiac. Hypertrophic osteoarthropathy oc- 
curs in ejanob’e forms of congenital heart disease 
but is not seen in noncyanotic forms. It is sometimes 
present in subacute bacterial endocarditis. 

3 Hepatic. The incidence of this sjndrome is 
higli m cholangiolitic biliary' cirrhosis, but much 
lower in obstructive biliary', portal, and postnecrotic 
cirrhosis. 

4. GastroiniestinaL Most of the intraabdominal 
conditions leading to osteoarthropathy are charac- 
terized by chronic diarrhea. They include ulcerative 
colitis and regional enteritis, amebic and bacillary 
dysentery, intestinal tuberculosis, polyposis of the 
colon, neoplasms, and idiopathic steatonhea. 

5 Miscellaneous. Although it is very rare in 
spontaneous myxedema (and cretinism), several 
cases of osteoarthropathy have developed following 
thyroidectomy for Craves' disease. Isolated cases 
have been described in chronic unnaiy tract infec- 
tions, syringomyelia, and various other disorders 

The hereditary form of osteoarthropathy is rare 
and 1 $ distinguished from the acquired form by 
Temaikable thickening of the skin over the face and 
limbs and by little bone or joint pain. It is inher- 
ited as a mendeban dominant trait, appears shortly 
after puberty, progresses for about 10 years, and 
remains stationary thereafter. 

Many cases designated as idiopathic are exam- 
ples of the hereditary form or acquired disease In 
vvhicli the primary condition is unrecogniaed. A 
few cases of typical osteoarthropathy are, however, 
unexplainable. 

Unilateral clubbing and osteoarthropathy are 
most commonly caused by aneurysm of the aorta, 
innominate, or subclavian. Other causes are apical 
lung cancer, axillary tumors, subluxation of tlie 
shoulder, and brachial arteriovenous anastomoses 

Pathology. The basic lesion is chronic inflamma- 
tion of periosteum, synovial membrane, joint cap- 
sule, and adjacent subcutaneous tissue. The peri- 
osteum early in the disease exhibits edema and 
round-cell infiltration and, at its inner margin, 
osteoid matri-T. Initially, only scattered foci of new 
bone appear; later, the distal segments may be- 
come completely encased by new bone. 

The synovial membrane, articular capsule, and 
the subcutaneous tissue about the affected bones 
and joints become thickened and chronically in- 
flamed. There may be an intermittent hydrarthro- 
sis Rarely, the sj-nov-itis goes on to pannus forma- 
tion, ankylosis, and degeneration of cartilage. 

Pathogenesis. Theories advanced for the mecha- 
nism of osteoarthropathy include (1) chronic 
infection, (2) action of toxins absorb^ from the 
primacy focus, (3) capillary stasis caused by ele- 
vated venous pressure, (4) arterial h)poxemi3, (5) 
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local hypoxia, (6) action of local toxins formed as 
a result of circulatory disturbances, (7) anterior 
pituitary overactivity, (8) thyroid undcractm^, 
and (9) the elaboration by pleural mesothebal cells 
of an osteoblast-stimulating substance. None of 
these hypotheses accounts for more than a small 
proportion of cases. 

The first and only experimental reproduction of 
this condition was achieved by Mendlowitz and 
Leslie in the dog by anastomosing the left pulmo- 
nary artery to the left auricle, thus creating a sit- 
ualion similar to cyanotic congenital heart disease. 
As the osteoatthropatlry developed, the systemic 
cardiac output increased (the pulmonary blood 
flow remaining normal). 

After resection of a lung abscess or tumor, symp- 
toms and signs of osteoarthropathy frequency sub- 
side within a few days. The speed of this improve- 
ment suggests tlrat the alterations in the peripheral 
circulation are corrected rapidly, perhaps by inter- 
rupting an abnormal pulmonary-vascular reflex. 
This hypothesis is supported by a recent report of 
prompt improvement in hypertrophic osteoarthrop- 
athy after dividing the vagus in five patients with 
inoperable lung cancer. Thoracotomy alone is in- 
effective. 

Manifestations. In clubbing, the fingertips feel 
wann and slightly burning but pain is unusual. The 
first change is thickening about the nail bed, which 
can be detected by a reduction in the angle made 
by the nail and the dorsal plane of the distal pha- 
lanx, normally about IS®. Profuse sweating of the 
hands and feet is common. 

Rheumatic complaints x-ary greatly m severity. 
There may be deep-seated burning pam and ex- 
quisite tenderness over the distal ends of the bones 
in acute and advanced cases. About the affected 
bones and joints, the skin may be dusky red, warm, 
and tender, and the subcutaneous tissue thickened. 
The joints may be swollen and their mobility re- 
stricted. Most commonly involved arc the Imces, 
ankles, wrists, elbows, and metacarpophalangeal 
joints. Tlicrc may be slight fever. 

In the early stages of clubbing, the terminal pha- 
langes appear normal on x-ray, but with advandng 
disease tliey reveal flaring of the ungual process 
and osteoporosis. The x-ray cMdencc of osteoar- 
thropathy consists of periosteal tliickcning along 
the shafts of the long bones, appearing first and 
being thickest in the region of the distal epiphyses, 
especially at the points of musculotendinous inser- 
tion. The periosteal eIe\-ation spreads proxinwlly as 
tlie disease progresses. Later, tlic cancellous por- 
tion of llie inNohed bone becomes osteoporotic and 
the cortex becomes thin. 

TIic course of h)pcrttophic ostcoarthropalliy re- 
flects llie acthity of the underlying iUse.ise. In cases 
uherc it w.-ucs and wanes with exacerbations and 
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remissions of llie primary condition, the roentgeno- 
grams show a tree trunk-like l3)’ering of thin sheets 
of newly formed bone. In cases secondaiy to chronic 
suppuration, the osteoarthropatliy emerges insidi- 
ously and is usually mild. In cases sccond.ary to 
lung tumors, the clubbing and arthropathy may ap- 
pear very' suddenly. Articular symptoms and signs 
sometimes antedate clubbing of the fingers, but this 
is umisuat. 

Diagnosis. WTien clubbing, arthritic syTupfoms, 
and periosteal proliferation by x-ra)' are .all present, 
this syndrome is easily recognized. The p.iticnt in 
whom ardvtiUc symptouxs pxcdomin.xte is often 
thought to haxe rheumatoid or some other form of 
poly'nrthritis. In patients with erythema and super- 
ficial tenderness, especially about the ankles, throm- 
bophlebitis is a frequent diagnosis Differentiation 
from acromegaly is usually not difficult The diag- 
nosis cannot rest on evidence of periosteal prolif- 
eration alone because scurvy, syphilis, trauma. Ivm- 
phangitis, varicose veins, and other conditions give 
rise to periosteal disorders. 

Treatment. Therapeutic efforts in hypertrophic 
osteoarthropathy should be directed toward the 
chmmation of the underlying condition or its amel- 
ioration. In cases where the osteoarthropathy is se- 
vere and a satisfactory attack on the primary dis 
order is not possible, relief of disabling symptoms 
has been obtained by intrathoracic vagotomv or 
adrenocortical steroid therapy 

MISCELLANEOUS AnTIIRJTIDES 
Palindromic 7?/ieuni0tism 

Tlus controversial syrndrome of unknow-n cause 
consists of recurring nfebnie attacks of acute nr- 
thntis with pain, swelling, erythema, heat, and 
tenderness. The arthritis appears suddenly, usually 
involves a single joint, and lasts a few licnirs or 
days. Attacks are numerous and irregularly spaced, 
during the intervals between tbem, the joints ap- 
pear normal and function properly. Essential to the 
diagnosis is Uie absence of residual arthritis, even 
after hundreds of attacks, and normal values for 
the hematocrit and blood unc add concentration. 
The sedimentation rate may be cicvaferl Some p.a- 
tients demonstrate paraarticular involvement but 
without constitutional symptoms or signs. Many 
patients dkagnosed as having palindromic rheuma- 
tism eventually develop typical rheumatoid arthri- 
tis or gout. 

IntmniMmt liyiiTarliiTOsJ* 

Tliis uncommon idiopalliic condition consists of 
joint effusimvs recurring regularly every 7 to II 
clay^ over several years It is seen mostly in ado- 
lescents and young adults. Typically, it affects the 
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knee (ankle or lup less commonly) and is unilat- 
eral. Tlie joints, in addition to being sis'ollcn, are 
often painful and restricted in niubihty but not 
hot or red It is not a sj-stemic disease; tlicre is no 
fever, ss eight loss, or nmsCTilar wasting; there is 
no anemu and the sedimentation rate is normal. 
Strictly defined, it is not a simple hydrarthrosis l»e- 
causo biopsy usually reveals a villous svtioviIIs in- 
distinguishable from that of rheumatoid arthnlis. 
There is a leukocytosis vn the synovial flviid, poly- 
niorphonuclears predominating. Most p.-itients with 
tin’s diagnosis subsequently prove to have rbeuma- 
toid arthritis. However, 150 cases h.ave been re- 
ported witli tliese characteristic periodic effusions 
over periods as long as 22 years with no rcsidu.d 
deformity. Tlio disease Is refractory to salicylates 
and physical therapy. Some workers beheve this 
condition to be an unusual form of allergy because, 
HI a few patients, elimination of a food item Inas 
coincided willi cessation of attacks. Antihistammics 
are ineffective. The response to the intn-iarticuLsr 
injection of hydrocortisone is usually favorable. 
Careful exclusion of other rheumatic disorders is 
essential 

Pryehogeni'c fl/ieoniaiism 

This term refers to tlie rheumatic manifestations 
of psychoncurosis, in which patients undergoing 
psychic trauma complain of stiffness, pains In joints, 
tendons, or muscles, and limitation of joint motion. 
In the United States Armed Forces during the 
Second World War, psychogenic rheumatism wns 
thouglit to be tlie most common rheumatic disease, 
in the Bnlisli forces such eases were labeled "libro- 
sitis.” Esscnbal for this diagnosis ore good gcneml 
health, emotional instability*, absence of objcciivc 
joint changes clinically and radiologically, normal 
fafioratoiy ImOmgs, vaciflatnig compfamts, amf faif- 
ure to respond to analgesics ond physical therapy 
Some investigators feel that a category of psyclio- 
genic rheumatism is unjustified and that llicrc is 
probably some organic basis for the ^mploms. 


NONARTICULAR RHEUMATISM 

The patient complaining of “rheumatism'’ often 
is referring to symptoms resulting not from joint 
disease pet se but from dysEvmction of other tissues 
near joints. These include tendons, bursae, bones, 
muscles, nerves, and adipose tissue. This hetero- 
geneous group of ESctiaaiticulaT disoiders fa pTol>' 
ably responsible for more rheumatic complaints 
than any one of the various intrinsic joint disorders. 
Approximately 30 per cent of patients who attend 
arthntis dimes in the United States have nonar- 
ticular rheumatism. 
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ribrofUii 

'fhis is a controversial, unfortunate term which 
Gowers introduced in 100-1 to describe the chronic 
inflammation of fibrous tissue which lie lielicvcd to 
be resjwnslble for “lumbago.’' Tills concept w‘as 
avidly adopted to explain the various aches aiid 
stiffness apivearing in various sites of the body, ai«l 
“fibrositis’* lias become a wastebasket term to cover 
many forms of nonarticular rheumatism. In addi- 
tion to stiffness and soreness, there are often ten- 
derness and limit.ition of motion of the affcct«l 
part. Tlie presence of norlulcs has been overempha. 
sized, in many instances, these arc really fat lit-r. 
mas. The frequent sites of pain arc the lower bach, 
gluteal region, neck, shoulder, and chest. Fatiga- 
bility IS the only constitutional manifestation. Re- 
cipilating factors include infections such as ma- 
laria, influenra, or pltvirodynia; trauma, overexpo- 
sure to cold, dampness, or drafts, and more specific 
connective tissue disorders, such as bursitis or 
tenosynovitis. 

T«iJmf//s and Tcno$t/novltls 

Inflammation of tendons and tendon sheaths m^y 
be associated with various types of arthritis or m^y 
occur independently. It is more frequent in gono- 
coctal arthritis (presaii in 48 per cent of cases in 
one Scries) tlian in any otJicr form of arthntis. Oc- 
casionally, one finds gonococcal tenosynovitis with, 
out nrtJintis Tuberculous tenosynovitis Is chronic 
and destrueliv e. The most common site is the wTist 
Tcnosywositis also occurs in iheumaloid arthnlis, 
gout, ond p.vlindromie rheumatism. 

Nonspci ifie tenosynovitis is thought to be a con- 
stxjocncc of single or repealtd Injuries incurred dot- 
mg movements demanding strength and speed. Tlie 
wnst and ankle tendons and slic.-itlt5 are most coni- 
jmsvffj' Avuahev?. «rowsmirrixc fiVcrsTpy v’aTiHwiv.';- 
zation, heat, and analgesics) fails, local injection iif 
liydrocortisono or surgical excision of the sheath 
may be helpful 

Rursirii 

This term is used loosely by patients to signify 
pain in one shoulder or both. To the physician, it 
denotes pain in the region of one of the 140 Or 
more bursae in the botly. The most commonly af- 
fected deep bursae (those situattxl between bony 
prominences and muscle or tendon) include the 
subacromial, subgluteal, supratrochantcric, and 
Achilles bursae. The most frequently involved su- 
pertcial bursae (those situated between bony 
proniiiicnccs and skin) are the olecranon and pre- 
patellar. Subacromial bursitis is estimated to be 
the cause of shoulder pain in 80 per cent of pa- 
tients who do not have evidence of rheumatic dis- 
ease elsewhere. Its numerous synonyms include 
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subdeltoid bursitis, calcific bursitis, calcific tendi- 
nitis, periarthritis of the shoulder, and Duplays dis- 
ease. 

The pathogenesis of subacromial bursitis is ob- 
scure. The generally held concept is that acute or 
chronie trauma leads to rupture of a calcium “al>- 
scess" which has formed in the tendon of one of 
the short rotator shoulder muscles (supraspinalus, 
infraspinatus, teres minor, or subscapulans). In- 
flammation Nvithin and about the bursa is thought 
to be secondary to the tendinous necrosis and «d- 
ciflcation. 

In acute subacromial bursitis, agonizing pam ap- 
pears suddenly in the region of the shoulder joint 
and is aggravated by motion, especially by abduc- 
tion of the arm. The pain often radiates into the 
neeJe or down the lateral aspect of Uie arm, even 
to the fingertips. There is exquisite tenderness o\-cr 
the greater tuberosity of the humerus. In approxi- 
mately half the cases, roentgenograms of the shoul- 
der reveal a calcific deposit, or more than one, over 
the greater tuberosity and localized atrophy of ad- 
jacent bone. The acute attack subsides completely 
or passes into a chronic phase, which is usually 
mild. 

Adhesive capsulitis (also called adhesice tendi- 
nitis, chronic adhesive hursitls, or “frozen shoul- 
der") Is distinguished from subacromial bursitis by 
a more insidious onset, less pain, and more stiffness. 
Dense adhesions form bchvecn the opposing sur- 
faces of the subacromial bursa. Some invcstig.ilors 
believe that the initial change is degeneration of 
the biceps tendon. It is thought to result from pro- 
longed immobilization, senescent change, or 
trauma. In advanced cases, the arm becomes locked 
at the and the shoulder muscles become 
atrophic. 

Therapeutically the acute attack of bursitis may 
require no more than rest, immobilization v\ilh 
slings or splints, physical therapy, and analgesic 
drugs. The local injection of procaine and/or hy- 
drocortisone sometimes affords prompt relief. As- 
piration or surgical removal of the calcific deposit 
is recommended for persistent disabling disease. In 
adhesiv'e capsulitis, manipulation of the shoulder 
Under anesthesia may become necessary. 
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TIIE ERYTHEMAS 

Donahl M. nUsbitnj and 
Walter B. Shellci/ 


EmTIIEMA >rULTIFOIlME 

ErjlViema mukiConne is a s^T^ptoin complex 
cliarJCterized by vivid, eo'tbematous. urticarial, 
bullous, and at times purpuric lesions Distinctive 
in Its S)nimefrical acral distribution, it appears sud- 
denly, is self-limited, but often recurrent Com» 
inonjy regarded as a bullous disease, it may still 
appear without this change. Mucous membrane in- 
volvement is a significant accompaniment of the 
s}ndrom 0 . Tlic oral membranes and the lips usu- 
ally sliow erosions, but the penis or va^na may 
also shoiv inEammntory areas. On the Ain, the 
initial change is an erythematous plaque with sharp 
margimation. In the center of tliis papules or vesi- 
cles may arise, with later clearing Subsequent 
changes often lead to a diagnostic muUirInged 
"target” lesion. This may have dramatic coloring 
due to the varictl states of dilatation, stasis, exuda- 
tion, and purpura. Coalescence of lesions may lead 
to bizonc. g)Tate, serpiginous arrangements The 
associated skin and constitutional symptoms arc 
often minor, except for the discomfort of the mu- 
rasal erosions. Usually appearmg m tbc spring or 
the fall, an attack lasts for several weeks. 

Ciythcma mulcifonnc is actually a reaction pat- 
tern so that there is no single cause. It m.xy result 
from Of be associated xvith any one of the following. 

1, Systemic infection: pneumonja, meningitis, mea- 
sles, dental sepsis 

2 Viral infection of the skin: herpes simplex 

1. Drug intolerance antipjTine, arsenic, belladonna, 
Qutazolidin, mercury, phenob.arbital, (jinninc, sui- 
fonamides 

■1. Pregnancy 

5 Foods, allergic reaction 

6. Deep *-ray therapy 

7. Malignancy 

Treatment of erythema multiforme is less than 
salisfactOT)'. Corticosteroids offer the greatest prom- 
ise, but often the eruption proceeds at its own 
pace to a spontaneous involution. 

Er)’lhcma multiforme exudativum is simply an 
extremely serious variant of erythema multiforme. 
As described by pediatricians (Stevcns-Jolmson 
syndrome), it ordinarily affects the younger age 
group and is ushered m by lugh fever, hcadaclie, 
and a fulminant stomatitis. Ulcers may develop in 
all the mucous membranes so that the patient pre- 
sents conjunctbifis, rhinitis, stomatitis, urethritis, 
and b.xlanilis. Shortly thereafter the vesicutobiiUous 
reaction arisex on the skin. The patients arc ob- 
viously in a toxic state w'th prostration, arthral^a. 


and myalgia. Crops of lesions continue to assail 
the patient, and the eye itself may be involved with 
keratitis iritis, uveitis, and even panophtlialmibs 
occurring. The prognosis for life as W’cll as vision 
is a guarded one. Treatment with intensive s)-steinie 
steroid therapy is always indicated, and ophthal- 
mologic consultation should be obtained. 


ERYTHEMA NODOSUM 

Erythema nodosum is another reaction pattern 
of the skin. It is characterized by bright ted tender 
and painful nodules, usually of tlie anterior surface 
of both lower legs. These lesions never suppurate 
or ulcerate, normally undergoing slow resolution 
over a period of several weelu. Often in crops they 
may be associated with mild constitutional malaise, 
joint pain, and fever. 

Usually these changes are the cutaneous mani- 
festations of infection or a drug intolerance. Thus 
it is seen m association with 


Ascariasis 

Cat-scratch fever 

Chancroid 

Coccidioidomycosis 

Dipbtlicna 

Leprosy 

Lymphogranuloma 

venereum 

Meningococcemla 


Pharyngitis 

Rheumatic fever 

Sarcoidosis 

Scarlet fever 

Streptococcal infections 

Syphilis 

Tonsillitis 

Trichophyton infection 
Tuberculosis 


In addition, many' drugs may trigger Uiis reaction, 
e.g., sulfonamides, iodides, or bromides. Thus care- 
ful medical studies are indicated in any patient 
with erythema nodosum. 

Erythema nodosum, of and by itself, requires 
little specific treatment It is self-limited, but bed 
rest may be indicated in severe cases. Local heat 
and salicybtes may also be considered. 


ERYTHEMA INDURATUM 

Erythema induratum is anotlier nodular eruption 
of the legs, but one which can he clinically distin- 
guished from erythema nodosum Thus, although 
occurring in young adult women, it appears on the 
calves and may lead to ulceration. The lesions, no- 
toriously' chronic and recurrent, begin as deep sub- 
cutaneous nodules or infiltrations, later showing 
necrotic change, and finally end in scarring. Cold 
weather often acts as a precipitating factor. 

Erytlicma induratum is defined as a form of tu- 
berculosis of the skm and hence is rather rare. Tlie 
tuberculin test should be positive, and evidence of 
tuberculosis elsewhere must be sought. Appropri.ito 
treatment includes anlilubcrcular me.asurcs. 

Actually most of the cases which match the clini- 
cal and histologic criteria for erythema induratum 
are nrt seen in tuberculous individuals and do not 
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represent a tuberculoid granuloma. Rather, flicy 
arc of unknosvn origin. Some have called this non- 
tuberculous erythema induratum or nodular 
culitis. It would seem appropriate to consider ery- 
thema induratum as a reaction pattern in whidj 
tuberculosis is just one cause. Just as erytlrema 
nodosum may be due to tuberculosis, as well as 
numerous other conditions, so may erythema in- 
duratum. The authors prefer not to use additional 
terms for the description of subcutaneous lesions 
which are, by \nrtue of their very location, obscure 
and not susceptible to fine clinical distinctions as 
arc their counterparts in the surface epithelium. 
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QflQ DISEASES AFFECTING 

u\JO the skin 

Donald M. Pillsbury and 

Walter B. Shelley 

The physician possessed of reasonable famiL'arity 
witli the principles of apphed anatomy, pliysiology, 
anti drernistry of the sVm and >vrth the dozen or so 
chief patterns of disease which it presents, tvill be 
able to classify over 90 per cent of all dermatologic 
S)'ndromes wtli reasonable accuracy and to treat 
most of them effectively. If, in the course of the 
initial c.\amination, the skm lesions of a patient 
can be classified as representative of a common or 
uncommon disease, as banal or serious, as a local 
disturbance, or a manifestation of systemic dise^c, 
much has been accomplished. Many diseases of the 
skin can be diagnosed rvdth accuracy on inspection, 
provided the examination is adequate and complete, 
as surely as the pathologist recognizes a character- 
istic c)'tologic picture. Others require further study 
utilizing all tlie resources of general medicine ^nd 
of special laboratory procedures. 

Dermatologic diseases arc encountered rather fre- 
qucntly by the general physician and by all medical 
specialists. On the basis of the enormous United 
States Armed Forces’ ctpericncc during tlic Second 
tVorld War, it is clear that any general physician 
uho is practicing in a Temperate Zone will find that 
some 7 to 15 per cent of his patients present ih^m- 
sches with a chief complaint of a disc.nsc affecting 
the skin, in warm, fiunuef, tropicaf c/unafes fftls 
incidence rises to 23 per cent or more. Under Cnn- 
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ditions of disaster and war the skins of the affected 
population offer a particularly fertile field for micro- 
oi^nisms and parasites. In industry various derma- 
toses comprise by far the largest group of occupa- 
tional medical diseases. The scope of internal medi- 
cine and its subspecialties is so broad and complex 
as to make it impossible for any physician to be 
familiar nath all of them in any detail. In derma- 
tology, as in other medical specialties, however, the 
most reviTirding initial approach is through an 
understanding of the general principles of anatomy, 
phy-siology, and pathology which have useful clin- 
ical application to both diagnosis and treatment. 

It is essential for the internist to gain an under- 
standing of the characteristics of tlic principal syn- 
dromes which affect the skin. In a number of Uicsc, 
experience bas shomi that involvement is almost 
entirely mucocutaneous, and there is no need for 
extensive procedures of examination other than an 
adequate general physical evaluation and a few 
key laboratory studies, as in pitjTiasis rosea, certain 
types of dermatitis, acne, dermatotroptc viral in- 
fections (xvarts, molluscum contagiosum), vitiligo, 
most diseases of the hair and nails, moderate genetic 
changes such as mild ichthyosis, and benign tumors 
which may be recognized on clinical examination 
In most patients these diseases are not particularly 
disabb'ng. and the eventual outcome is ordinarily 
good. Disabibty and subsequent systemic disease 
most commonly result from mistreatment, c.g., the 
application of mown sensitizing topical ogents such 
as sulfonamides, certain antibiotics and antihista- 
minks, the excessive use of ioniimg Tsdiaticm 
therapy, and more and more prominently, from tfie 
prolonged administration of corUcosteroids in doses 
which are almost certain to produce undesirable 
physiolv^ic effects. 

In a second group of diseases affecting only the 
skin during the initial phase, lack of recognition of 
tlie nature ol tlie process may be loUowctl by the 
progression of systemic disease. Examples of this 
group of dermatoses include mild drug reactions, 
the initial manifestations of atopy, mild contact 
dermatitis with continued exposure to the offending 
allergen, bacterial infections which arc initi.i!Iy 
Superficial (impetigo and acute folliculitis) but 
which may produce irreversible systemic infection 
if not promptly dealt with, parasitic infestations 
such as scabies and pediculosis, certain tumors such 
as active junction type nevi or basal cell and prickle 
cell cpidicliomas, in vvbicli cure is almost always 
possible by early treatment, and a wide variety of 
industrial dermatoses, hyperpigmentary disorders, 
and plioloscnsitivity reactions. 

A third group of diseases affecting the skin with 
which some famih.irity is essential includes m-iny 
conditions wfiitfi arc refathefy uncommon hut in 
which an early' di.ignt«is rn.iy' sometimes le.id to 
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complete cure or at least a slower progression of the 
disease. In this group may be included pemphigus, 
s)-p!iilis, discoid lupus and system lupus erj'- 
thematosus, scleroderma, iniliana (in which ex- 
tension of the poral closure may lead to marked 
disturbances in heat regulation), tuberculosis, deep 
fungous infections, sarcoid, v.nrious purpuras, some 
xaiitliomas, diphtheria cutis, many parasitic infesta- 
tions, cutaneous manifestations of lymphomas, an- 
giomas, acanthosis nigricans, psychoculaneous s)'n- 
dromes (especially factitial dermatitis), and 
chronic effects of phjsical agents, particularly 
sunlight and cold. 

In a fourth large group of diseases in whicli the 
skin is affected, the mucocutaneous manifestations 
are variable and often incidental, though frequently 
they represent the chief sign through which the 
nature of the disease may be suspected. Examples 
include the viral exanthems, nckettsioses, sar- 
coidosis, ery'thema nodosum, leprosy, dermatomy- 
ositis, peripheral vascular diseases, erythema 
mulbformc, several metabolic diseases, neuro- 
cutaneous syndromes (adenoma sebaceum), spider 
angiomas In hepatic disease, pruritus, as the initial 
sign of lymphomas or hepatic disease, etc. 

In addition to these there are a considerable 
number of localized banal conditions in which pa- 
tients have a consuming interest, though they ate 
of no general medical importance. A reasonable 
interpretation of these may often be given, not 
necessarily In terms of any specific syndrome, on 
the basis of the etiologic and physiologic forces in- 
volved, eg, in disturbances of growth or pig- 
mentation of hair and nails. Of all the sources of 
interest and concern of patients about their skin 
that of possible cancer is paramount, and this is 
constantly increasing as cancer education cam- 
paigns and publicity increase. An assessment of 
dermal neoplasms, examples of which rvill be 
found in every patient examined, is a requisite of 
every general medical evaluation Fortunately, the 
last majority of tumors and c.xcrcscences ^ the 
skin are benign and can be recognized as such on 
close inspection Others must be suspected of being 
malignant or are patently so. In the latter circum- 
stance. the sooner the tumor is classified accurately, 
the better. 

In a short chapter of this type it is not feasible 
to include detailed descriptions of the svide xaricty 
of changes to uhich the skin is subj'ect. This dis- 
cussion will, therefore, be confined to a brief sum- 
mary of the means by xvhich a diagnosis may be 
established. 

DERMATITIS A\D ECZEM/\ 

Various l)pcs of acute and chronic dermatitis 
constitute over 50 per cent of all tiinkal denna- 
lology. Willie the changes in the skin follow a basic 
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pattern which Is reasonably constant, the faclois 
which may initiate or prolong a dermatitis are 
numerous. 

Tlie morphologic changes of acute and chronic 
dcrnmtitis are clear cut and not easy to confuse 
with other patterns of skin reactions. The signs of 
dermatitis, in the order of their evolution, are as 
fotimvs: (1) erythema and sw’elling, (2) oozing 
and/or vesiculation, (3) crusting and scaling, (4) 
tliickcning and ei'idencc of repeated excoriation, 
(S) hyperpigmcntalion, scratch papule formation, 
and lichenification. The first three changes are 
those of an acute dcimalilis; the latter two are seen 
only if the process persists for several weeks or 
longer. YVhile there is no entirely salisfactoiy classi- 
fication which will include all variants of a clerma- 
titis-oczema group of diseases, some categorization 
is helpful Separate classification of a particular 
group is j'uslified and helpful if one or more of the 
following criteria are satisfied: (1) it is a t)pe in 
which a definite cause can be determined, (S) it 
occurs in a fairly regular pattern which (3) is help- 
ful in determining the prognosis in the individual 
patient, gives clear indication for certain types of 
treatments, or indicates the need for further allergic 
and other medical studies. The following main 
groups exist: 

Acute Contact Dermatilis. In this type of derma- 
titis the change may be due either to primary ini- 
tation from toxic sulistances or to true allergic sen- 
sitization (see p. 1266). Contact dermatitis is the 
prototype of all dermatitic reactions in the sVaa and 
by far the most satisfactory to manage therapeu. 
tically. In a very high proportion of patients the 
responsible substance may be determined accurately 
and the cavisc lemov’td. It is essential that this b« 
done as quickly as possible because persistence of 
the reaction will lead to “trailing" complications 
which may be self-perpetuating. 

Atopic Dcnnalitis. Tliis exceedingly chronic der- 
tnatiHs possesses distinctive features in respect to 
localization of lesions, personal and familial evi- 
dence of allerg)’, and a characteristic though often 
erratic course. It produces more chronic disability 
llian any other disease in which the chief manifes 
tations are in the skrin. Tliis, plus the fact that die 
affected patient frequently has otlier evidences of 
atopy, makes the disease of considerable medical 
importance. In addition, because corticosteroid 
Uicrapy is often rapidly effective in relieving the 
inflammatory changes, the problem of untoward 
physiologic effects arising from prolonged therapy 
of tfiis type given for atopic dermatitis is assuming 
increasing import.ince. Atopic dermatitis of and by 
itself is not a fatal disease, but the suddenly de- 
veloping complication of secondary infection by the 
vims either of herpes simplex or of vaccinia may 
vimetimes Icail to death. 
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Seborrheic Dermatitis. This form of tlermatilis 
is also quite clear cut in respect to locaL'zaUon of 
lesions, frequent association ^^^th evidence of se- 
baceous dysfunction, increased \’ulnerability to 
secondary bacterial infection, and a course which 
Is often clyonic. In widespread forms it may be 
\ery disabling. 

Nummular Dermatitis. This tj-pe of dermatitis 
has a distinctive morphologic pattern (nummular, 
coinbke). The lesions are frankly dermatitic, round, 
and usually \'ar)’ in size from 2 to 4 cm in diameter. 
Low-grade secondary infection is common. The 
distribution is chiefly to the extensor surfaces of 
the extremities and the posterior shoulders and 
back, though any site may be aflected. The derma- 
titis is most common in patients above middle age, 
and may follow an acute contact dermatitis, or occur 
as an “id” complication of chronic stasis dermatitis. 
It is possibly seen more frequently in individuals 
Nvith atopic backgrounds. The causative factors are 
poorly understood, but a psychosomatic component 
is often prominent. The lesions commonly recur 
at the same site, and the outlook for immediate 
cure of the disease is poor, though pertnanent re- 
mission may ordinarily be anticipated eventually. 

Xichen Simplex Chronicus (Circumscribed Ncu- 
rodermatitis). This is a clcar-cut and very common 
condition in which the changes are due almost 
entirely to seratcliing and rubbing. The lesions are 
usually sharply circumscribed. Any site may be 
affected, but common ones are in the occipital 
region in women, on the neck, and on the lower 
legs. Many cases of N-ulvar and anal pruritus fall 
into the group of circumscribed neurodermatitis. 
The area involved becomes itchy either as a result 
of some preceding irritation or often without any 
previous lesion. The scratcli-itch-scralch cycle be- 
comes firmly estabbshed. Psychosomatic factors are 
often prominent, and many patients frequently ad- 
mit to indulging in scratching as a means of rcBev- 
ing nervous tension. In such persons, if the patch is 
not too troublesome, such a lesion is probably to 
be preferred to some psychosomatic manifestation 
affecting another organ system. 

Stasis Dermatitis. This is another clear-cut type 
of dermatitis in which the basic etiologic factors are 
peripheral venous disease and tissue edema (see p. 
1374). It is important that prompt measures to con- 
trol the dermatitis be undertaken before it has be- 
come severe and chronic. Stasis dermatitis is char- 
acterized by greatly increased vulnerabibly to 
primary imtant or sensitization reactions to topical 
medicah'on. 

These are the reasonably clear-cut sj'ndromes in 
the dermatitis-eczema group. There are three other 
well-defined large groups, as follows: 

Chronic Eczematous Dermatitis. This is a group 
in which, often, the original cause and initial pattern 
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of the disease have long been lost sight of, and in 
which surious secondary factors are playing a pre- 
dominant role. It is frequently the end point of a 
contact dermatitis in which the causatn’c factor ivas 
not recognized promptly. The extent and distribu- 
tion of the dermatitis may vary greatly. There are 
no constant associated systemic factors, though sen- 
sitivi^ to particular foods or drugs must always be 
kept in mind. In such patients there is temptation 
to use a wide variety of topical measures or to 
resort to s)'stemic corticosteroid therapy ivilhoiit 
careful study of the patient as a whole and pains- 
taking anaU-sis o! the various etiologic factors which 
might be playing a role, including vasomotor dis- 
turbances, sweating dysfunction, low-grade bac- 
terial infection, and psychosomatic factors. 

Infantile Eczema. This is a classification based 
entirely on the age and the peculiarities of derma- 
titic reactions of the infantile skin. These differ con- 
siderably from those of the adult 

Chronic Dermatitis of Hands and/or Feet. This 
is a classification based entirely upon the region 
involved, but it is justified because it is such a 
common problem. The etiologic factors are often 
complex. Contact, atopic, and nummular dermatitis 
not infrequently are localized to the hands and feet 
Certain forms of psoriasis and of "id” reactions ma\ 
appear in this fashion. For all practical purposes 
superficial acute fungous infections may be included 
in this group. This condition may be exceedingly 
clmonic and at times highly disabling. 

CeneroUzed Exfoliative Dermatitis 

A chronic dermatosis which affects all or nearly 
all the skin surface is a general medical problem 
of considerable importance and much difficulty 
Though examples of such conditions are seen in all 
age groups, the incidence is highest m persons 
above middle age. In some instances the early on 
gins of the exfoliative dermatitis, in terms of the 
type or etiology of the inflammatory changes, are 
fairly clear. Not infrequently, however, the gen- 
eralized dermatitis arises for no apparent cause. 
The changes may prove to be completely intrac- 
table, especially in older patients. 

In the chronic phase of a generalized exfoliative 
process, the skin is red, thickened, and scaling 
There may be oozing, but vesicles are rarely seen 
A variety of disease conditions may give rise to this 
process It is fortunately very rare after acute con- 
tact dermatitis, localized neurodermatitis, nummu- 
lar dermatitis, and eruptions of the bands and feet 
Seborrheic dermatitis and atopic dermatitis may 
somehmes eventuate in a chronic exfoliative proc- 
ess. Dru^ may produce a chronic generalized re- 
action; this was seen frequently when trivalent ar- 
senical compounds were used in the treatment of 
syphilis. Prolonged extenshe contact with a sensi- 
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Uzing agent, particuUiIy an ahbome one, may oc- 
casionally induce an irreversible gencralired derma- 
titis. 

Certain nevoid clianges may produce cbtonic 
redness and exfoliab'on The most common of these 
are severe ichthyosis or congenital ichth)'OSifonn 
erjthroderma. Psoriasis may, at any age. hut most 
frequently in adults, become completely general- 
ized. In ^s phase, it is frequently accompanied by 
rheumatoid arthritic changes. 

In any patient with a generalized exfoliative 
process, but particularly those above middle age, 
the possibility of a IvTOphoma must receive serious 
consideration. M)’cosis fimgoides is frequently pre- 
ceded, prior to the development of frank sldn tu- 
mors, by a dry, patchy dermatitis which, with each 
recurrence, becomes more severe and extensive. 
Such lesions may recur for as long as a decade. Re- 
peated biopsies over a period of years may be re- 
quired before the characteristic cellular infiltrate of 
mycosis fungoides is demonstrable. 

Senile involution of the skin may produce a se- 
v'ere and extensive erythroderma. Such changes 
have been designated by a variety of terms based 
on morphologic variations, but these are of little 
value to the general clinician The syndrome may 
be designated as exfohattvo eiyihroderma, and the 
patient then studied further for any dennatologic 
or general medical criteria which will provide a 
more useful and precise classification. 

Management. Patients with generalized inflam- 
matory exfoliative dennatoses deserve the most 
searching study. They are often relatively or com- 
pletely disabled, and their appearance may bring 
about social ostracism. 

Biopsy of the skin, often with repetition at inter- 
vals of weeks or months, is an essential feature of 
the study of such patients. The most careful hema- 
tologic studies are indicated. In such patients, vary- 
ing degrees of generalized lymphadenopatby are 
almost always present, either in response to the 
chronic inflammatory changes of the sVan or as part 
of an underlying lymphoma Lymph node biopsy 
obviously will be required at times but should not 
be undertaken without due consideration because 
the healing after deep surgical biopsy is often veiy 
protracted, especially in Uie inguinal or a-xiUaiy re- 
gions. Chemical studies of the blood, with particu- 
lar reference to scrum protein levels and cleclro- 
lylcs, may at times be revealing. It is particularly 
important to keep in mind that tlie protein losses 
from exfoliation may be significant. 

The heat regulatory mechanisms of such patioils 
are greatly disturbed. A moderately cool environ- 
ment may often induce a chill because of increased 
radiation from the vascular bed. Because of the 
marked decrease in sweating which may be pres- 
ent, sometimes amounting to complete anhidrosis. 
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increase in the environmental temperature is poorly 
tolerated and may induce febrile episodes. 

Skilled nursing care is of the utmost importance 
in such patient? but may be a disagreeable anil 
taxing task. Topical therapy, other than with very 
bland and inexpensive agents, is not feasible. As a 
rule, petroleum or equal parts of water and Aqua- 
phor or ordinary hydrogenated vegetable oils are 
best tolerated. Care should be employed in the 
widespread use of compounds which may be toxic 
on absorption, e.g., salicylic acid, mercury, phenol, 
and strong concentrations of tar and resorcin. 

Systemic corticosteroid therapy is almost always 
indicated in patients vn'th severe intractable exfolia- 
tive dennatitis, but such therapy must sometimes 
be very prolonged. In exfoliative psoriasis the au- 
thor has found tlie steroid triamcinolone of consid- 
erable value in comparison with the steroids pre- 
viously available. Occasional transfusions of whole 
blood may be indicated. Fever therapy by foreign 
protein injections is sometimes worthwhile. The 
condition sometimes justifies a trial of x-ray therapy, 
preferably to a restricted portion of the skin ini- 
tially This must be given with the greatest care 
and expertness, however, if extensive areas are to be 
exposed to ionizing radiation. 

Patients vvith generalized exfoliative dermatitis 
may be highly susceptible to infection of localized 
superficial type, to cellulitis, to deep cutaneous ab- 
scesses, and to thrombophlebitis. Intermittent or 
prolonged adminisir.'ition of appropriate antibiotics 
may be necessary 

PEMPinCUS 

Pemphigus is an uncommon relapsing disease 
which affects the mucocutaneous surface initially. 
There are no signs of systemic diseases at the onset, 
but these soon develop secondarily. Pemphigus is 
invariably fatal within a few months or years if 
adequate treatment is not instituted. The disease is 
ordinarily controllable with corticoid therapy. 

The most common type of pempliigus (pemphi- 
gus vailgaris) is characterized by tense or flaccid 
bullae of varying size. They appear without symp- 
toms. as a rule, on skin or mucous membranes which 
had seemed entirely normal. Occasional slight itch- 
ing or hurtling may be noted. The bullae rupture 
quite readily, especially in the mouth, pbarjaix, and 
vagina, leaving denuded areas. Tliese erosions or 
superficial ulcers are very slow to heal and often 
enlarge gradually. ^Vhen healing occurs, no scarring 
results if there has not been secondary irifection. In 
some patients, particularly those with brunet skins, 
there may be marked residual hyperpigmentation. 

The distribution of lesions in pemphigus is '’3ri- 
able, though areas wliicli are subject to rubbing, 
pressure, or stretching are more prone to develop 
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lesions. In pemphigus, the epidermis readily de- 
taches upon lateral tension, and this phenomenon 
(Nikolsky’s sign) may be demonstrated by drawing 
the finger over the surface of the skin >\ith firm 
pressure. The epidermis slides off much like a piece 
of wet tissue paper. Though this sign is almost al- 
ways present in pemphigus, it may be seen in other 
bullous diseases as well, e.g., epidermoI)’sis bullosa 
and widespread bullous drug eruptions. 

The lesions of pemphigus usually involve the 
mucous membranes as well as the sldn. In many 
patients the initial lesions are entirely oral and/or 
vaginal. The disease attacks adults of any age. It 
is not seen in children and is rare during adoles- 
cence. Members of the Jewish race are most com- 
monly afSicted. There is no sex predisposition. 

Secondary bacterial infection of the bullae or of 
denuded skin occurs commonly, producing the 
rather characteristic "mousy” odor of the disease, 
and frequently gives rise to septicemia which is a 
characteristic complication. 

Certain variations from the most common mor- 
phologic type of pemphigus occur- 

Pemphigus Foliaceus. This is a rare member of 
the pemphigus group in which the lesions are pre- 
dominantly those of exfoliative dermatitis. Because 
of the very extensive cutaneous involvement, signs 
of systemic disease may develop rapidly. The dis- 
ease begins with the appearance of small vesicles 
in which scaling and crusting develop, producing a 
flaky surface similar to that seen in e^oUative der- 
madtis. This is in contrast to the characteristic raw 
denuded areas seen in pemphigus vulgaris. Slow 
symmetric spread of the lesions occurs, and within 
a period of months the entire body may be covered 
With exfoliative lesions. The hair and nails com- 
monly are lost. The histologic picture is character- 
istic. The odor in exfoliative pemphigus is offensive. 
The response of this form of pemphigus to cortico- 
steroid therapy {s less favorable than in common 
pemphigus. 

In pemphigus vegetans, many of the bullous 
lesions are succeeded by hypertrophic vegetative 
masses in intertriginous areas such as the axillas, 
groin, and inframammary region. These may later 
become dry and verrucose. The vegetative lesions 
do not occur on the mucous membranes with the 
exception of the vermilion border of the L'p and 
sometimes on the vulvar labia. The lesions are 
malodorous, and cNidence of secondary bacterial 
infection is always present. The process may sug- 
gest a fungating iododerma or bromoderma grossly 
or may even mimic the condylomas of secondary 
syphilis or the lesions of granuloma inguinale. In 
this as in exfoliative pemphigus, the response 
to corticosteroid therapy may be poor and massive 
doses are often required. 

In another type of pemphigus, not uncommon. 


the distribution and morphology of the lesions arc 
suggt^sllve of a mixture of pemphigus, seborrheic 
dermatitis, and lupus erythematosus (Senear-Usher 
syndrome). Erythematous, scaling, and crusted le- 
sions develop on the nose and malar areas in a 
butterfly distnbution, and similar lesions, with or 
xvithout bullae, may ako appear on the anterior 
chest, interscapular area, and the scalp. The mucous 
membranes show involvement only occasionally. 
The general health of the patient is ordinarily good 
for some time after the onset of the disease. The 
course of the eruption is insidious and slow, but 
frank fatal pemphigus usually develops 

Brazilian Pemphigus (Fogo Selvagem). This dis- 
ease, which is endemic in Brazil, is clinically and 
histologically identical with pemphigus foliaceus. 
The endemic nature of the disease makes it impos- 
sible to state with certainty that it is similar to 
pemphigus foliaceus, since the latter has ne\cr been 
seen in endemic form in the United States or in 
Europe. The best opinion would indicate that fogo 
selvagem is an infectious contagious disease. About 
3,000 cases are on record in Brazil, and convincing 
evidence of transmission from person to person is 
avadable. The disease almost ahvays begins before 
the age of thirty, is frequently associated with endo- 
crine disturbances, and does not involve the mucous 
membranes. 

Histologic Diagnosis. The histologic features of 
common pemphigus are highly characteristic, and 
the changes seen in smears or biopsies of carlv le- 
sions are diagnostic. There is a disturbance of the 
epidermal celk in which the fundamental change 
is a disruption of the intercellular connections of 
the epidermis (acantholysis) seen in cither biopsies 
or material taken by a special scraping (see p. 
79). 

The course of pemphigus is variable. Tlie un- 
treated patient may show occasional remissions, but 
recurrences invariably develop, each a little more 
severe than the previous one. Death may occur 2 
to 3 months following the initial lesion, or the dis- 
ease may continue for years. If corticosteroid ther- 
apy is not administered, death within 2 years may 
Ire anticipated. This occurs as a result of shock, 
toxemia, a cachectic state, or some secondary com- 
plication, such as septicemia or bronchopneumoni.i 
It is important to keep in mind that the skin and 
mucous membranes are the primary tissues in- 
volved, and if these lesions can be controlled, signs 
of systemic disease will remain absent or very mod- 
erate. In uncontrolled pempliigus, marked second- 
ary anemia may develop. Ilypoalbumincmia m.iy 
also be present because of the negatix'C nitrogen 
balance resulting from loss of protein to denuded 
areas of skin and from the inabih'ty of some p.i- 
tients to ingest solid foods. In widespread severe 
pemphigus the patients are extremely' ill. Tlicre 
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maybe n marVed leuVocytosis, at times eosinopViQia, 
and the general picture is one of serious tosicity. 
The temperature is ordinarily not markedly elevated 
unless ettensive secondary bacterial infection has 
occurred. Routine laboratory studies do not yield 
characteristic or constant findings. Hc^ever, in ad- 
vanced cases, the sedimentation rate is increased, 
.anemia is constant, the total serum proteins are 
almost invariably lowered, and maiked disturbance 
of serum electro/jtos may be seen. 

Treatment. Corticosteroid therapy is the only 
means by which true pcmpliigus may be controlled, 
it is one of the fmv diseases in sshicli such tlieiapy 
IS justified as soon ,as the diagnosis is established 
even though tlie presenting signs and sjmptoms are 
mild Conditions which might ordinarily be re- 
garded as contraindications to corticosteroid ther- 
apy must often he waived if the diagnosis of pem- 
phigus is established, It is too early to suggest that 
actual cures of pemphigus have been achieved, but 
considerable numbers of patients have been main- 
tained in a state of remission for the ses'eral years 
since corticosteroid therapy became available As 
a rule such therapy must be continued indefinitely; 
'•ery few patients nave found it possible to remain 
in remission in the absence of continued treatment. 

It is advisable to start treatment uith ratlier large 
doses of corticosteroids; the authors prefer ACTH, 
ordinanly In the gel form. If the patient Is critically 
ill, ACTH in a dose of 23 to 40 units should be 
giicn dally by 8-hr intravenous drip. In many pa- 
tients subsidence of the eruption will be noted in 
a few days, and reduction of the dose of cortico- 
tropin may then be possible, ordinarily by lowering 
the daily dose to 15 to 20 units and then giving 
such a dose less frequently. No set rules for this 
can be put doivn. In some patients the dose may 
be reduced to a surprisingly low level, as little as 
10 or 15 units of ACTII every 2 weeks If corti- 
sone or its analogues are used, the initial dose re- 
ijuired may sometimes be so bigh as to lie un- 
feasible economically. However, later in the course 
of treatment, trial of such therapy may ordinarily 
be undertaken safely. 

The corollary medical and nursing care of ex- 
tensive pemphigus is a formidable problem in some 
p.itients Tlie supervision required is not dissimilar 
to that of an extensive bum, and dose check for 
evidence of local or systemic infection, of protein 
and electrol>-te bahincc, and of the nutritional and 
hematologic status must be kept. Blood transfusions 
.are sometimes of critical value If there is evidence 
of bacterial infection of the skin, ei en in (he absence 
of a systemic response, it is rarely possible to control 
it by topical therapy. It is of Uie greatest importance 
to conserve the accessible wins .as much as pos- 
sible bi-caiisc they may be few in number i{ the 
cutaneous lesions are extensive. 


ACNE 

Tills is the classic sligma of adolescence, almost 
a normal physiologic reaction in the skin. The 
various chnic.'il manifestations of acne have been 
designated by a variety of terms. Afost of these have 
httic meaning or usefulness to nonspecialisls, hut 
it is convenient to grade the severity of acne from 
I to IV as a guide in selecting the tj^pes of therapy 
uhleh arc most hkely to w helpful. Hercdilcr) 
determmants condition tlic follicukir orifice "target 
organ" response, yet fundamentally the excitant is 
hormonal. At least 75 per cent of both sexes show 
some evidence of nene at Uie age of pubert)'. There 
is no significant sex difference m incidence or 
seventy. 

In some patients comedones may begin to de- 
velop at the age of nine or ten, and if these patients 
are from a family stock in which acne has appeared 
freqviently, tlic outlook is disquieting. The evidence 
of acne may persist for a v'ariable period of time, 
probably never less than a year, but sometimes 
spanning tlie entire teens, with extension well into 
the twenties. The precise hormonal excitation of 
acne is not understood in complete dctalL ACTH 
mjcctions in susccp/ible indlelili/als of any age may 
produce acne. Eunuchs do not develop the disease. 

The treatment of acne is not always satisfactory. 
Altliough the hormonal stimulus is basic to the 
development of the disease, there are no regularly 
effective means of combating it from this etiologic 
stnndpoini Tlie routine admitiistralion of estrogenic 
hormones is illogical, though there are selected 
taacs m which a striking menstroal periodicity el 
the eruption seems to make such treatment advisa- 
ble. The therapeutic attack on acne must be on the 
fringes: (2) local therapy which may help in 
relieving the plugging and rupture of the follicular 
orifice, (2) control of contributing factors such ns 
food or drugs, (3) judicious drainage of purulent 
lesions by means which arc least likely to produce 
scarring. (4) combating infection with appropriate 
antibacterial measures, and (5) talcing advantage 
of natural aids, such as sunlight, as fully as possible. 
None of these measures is curative in the strict 
sense; all are palliative and serve only to keep the 
acne in clieck and to prevent undue scarring until 
the hormcinal and, sometimes, emotional storm of 
adolescence has subsided. 

The treatments used for acnc are extraordinarily 
nmnerous. In assessing the value of some of them, 
no particular attention seems to be p-iid to the 
assoaated factor of the p.issage of time in judging 
the true curabvc influence of a particular rnetliod. 
Tliere are some methods, moreover, such as strin- 
gent restrictions of diet, the prolonged administra- 
titai of antibacterial preparations, and the use of 
x-ray therapy which may have bad cflecls if cm- 
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ployed overzcalously and without good medical 
judgment. 

Prepaiations containing smUut and resorcin arc 
undoubtedly useful in mild acne, particularly if 
the lesions are superficial. They should be used to 
the point of producing a mild cliapping effect. 
Regular removal of comedones is helpful in some 
patients and with proper instnJCtion may be done 
safely at home. Drain.agc of franhly pustular lesions 
requires judgment. It should not be done too early 
in tlie course of the lesion but may promote more 
rapid healing if performed when the nodule is 
fully fluctuant and the infection near the surface. 

The restriction of foods and drugs is important 
in many patients with acne but should not be done 
on any routine basis. It can be shown, witliout 
question, that iodides, bromides, and Tridione make 
acne worse. Foods such as chocolate, nuts, and 
coffee so frequently cause exacerbations as to make 
routine elimination justifiable. From this point on, 
it is advisable to individualize dietary elimination. 
It should be kept in mind that in most patients 
uitli acne juvenile groulh is mpid and energy 
output high so that dietary restrictions should be 
advised with care and good reason. 

Trauma to the skin may induce and perpetuate 
inflammatory acne lesions. Constant pinching, rub- 
bing, and picking of the face may become a sub- 
conscious habit and lead to much scarring because 
the acnc lesions arc not given a chance to heal 
spontaneously. Violent traumatic exercise, such as 
wrestling or football, sometimes produces inflamma- 
tory acne lesions, as docs the rubbing of sweaters, 
dirty sw eat shirts, or bactcria-ladcn shoulder pads 
and other gear. 

In chronic severe acne in >vhich there is un- 
mistakable evidence of bacterial infecbon, anti- 
bacterial therapy is often effcctii’c and justified. 
As is the case with many chronic bacterial infec- 
tions of the skin, particularly if there is a tendency 
to formation of minute to larger abscesses within 
the skin, such therapy must often be continued for 
long periods of lime and should be initialed and 
supervised wath good medical judgment. Though 
penicillin is useful at times, the inddence of ac- 
quired or potential allergic sensitivity to it is Wgh. 
Sulfonamide therapy is sometimes adequate, but 
It may be necessary to employ broad-spectn.m 
antibiotics. In general, the drug should be given 
in full dosage initially to determine whether or not 
It will be effective, following which the dose may 
be reduced to the lowest level which appears to 
keep the infection under control. 

Hormonal therapy of many types has been used 
in acne usually with indifferent results. The routine 
administration of thyroid extract has long been a 
favorite treatment, but the authors are not ctm- 
vinced of its effectiveness. Mention has been made 
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of the occasional use of estrogenic hormones both 
topically and systemically. Though such thcrap)’ 
may sometimes appear to be helpful, it should be 
usM on the basis of adequate endocrinologic study 
and supervision. More recently, the administration 
of corticosteroids systemically has enjoyed a con- 
sidcrahlc vogue. In the authors’ experience there 
can be no question whatex’er that the anti-inflamma- 
tory effect of such treatment on acne lesions may be 
marked, sometimes with very small doses, but the 
inherent physiologic risks of such therapy must be 
very' carefully weighed against the fact that acne 
is a purely local disease with no systemic mani- 
festations. 

Sunlight and vacation have a good effect in acne 
and may provide a striking demonstration of the 
inadequacies of previous treatment In so-called 
"tropical acnc,” a I'ery widespread and severe 
pustular cniption may develop on the face and 
entire trunk, usually in persons who have had 
some evidence of acnc previously, but not infre- 
quently m those in whom there has been no pre- 
vious sign of the disease Treatment is futile until 
the pabent can be placed in a cool, dry environ- 
ment 

X-ray Therapy. The opinion expressed here on 
x-ray therapy for acne is at I’ariance with almost 
every textbook of dermatology or radiotherapy with 
which the authors arc familiar. It is the authors’ 
belief that the value of such treatment has been 
greatly overrated, but this is a controversial matter 
The authors do not administer x-ray therapy for 
acne. 

Acne ss’as one of the Erst diseases of the skin 
for which x-iay therapy was used. Its popularity 
was based upon a supposed specific selective effect 
on the sebaceous glands The rather limited and 
surprisingly few controlled studies which have been 
done on the therapeutic effects of x-iay therapy in 
acne have failed to demonstrate any immediate 
good effects with doses which may be regarded as 
comparatively safe in so far as late effects on the 
skin are concerned. In these studies ^'arying 
amounts of ionizing uradiabon in divided doses 
have been administered to one side of the face 
while the other side ivas left untreated. No differ- 
ence in the progress of the acne of the two sides has 
been demonstrated. 

Acne Scarring. The treatment of acne scars has 
long been considered unsatisfactory, but tlie tech- 
nique knosvn as skin planing, or surgical planing or 
dermabrasion, is useful. The most popular method 
involves freezing the sldn w’ith an ethyl chloride 
or Freon refrigprant spray foUow'ed by mechanical 
remov'al of the epidermis and upper dermis by' 
mcuis of a high-speed rotary steel brush. The 
epidermis then regenerates rapidly from the numer- 
ous pilosebaceous and sweat gland units which 
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remain The rotating wire brash has almost com- 
pletely replaced die sandpapering melliod formerly 
in %ogue, both bccaase die technique is simpler and 
because of the occasional development of small 
foreign-body granulomas from embedded silicate 
granules after sandpapering. 


SKIN GROWTHS 
Ilemangiomaa 

One of the most common skin tumors is the 
hemangioma. Over one-third of all newborn in- 
fants present this problem for evaluation. These 
lesions are best grouped into three classes for 
prognosis and dierapy. The first is the jyort-iLlnc 
slain (nevus flammeus). Tins lesion appears as a 
perfectly flat blue-red patch of variable si 2 c- It 
represents a diffuse telangiectasis of mature vessels 
in the dermis. No form of treatment is satisfactor)' 
These lesions are of cosmetic significance only, so 
that potentially harmful or scarring modalities 
should not be employed. The parents should be 
acquainted with the fact diat the lesion wd! neiUier 
extend nor fade All efforts must be directed toward 
methods of obscuring lesion li it is m a distressing 
locntion. Several commercially available cosmetic 
products are suitable for this. 

Tile second major type of hemangioma is Uie 
immature angioma (strawberry mark). This lesion 
is usually seen at birth, may show dramatic enlarge- 
ment, and then undergoes spontaneous Involution 
in a matter of months or years. The lesions are red 
to blue and consist of compressible vascular tumors 
Over onc-half are on the face. During the period of 
enlargement the temptation to treat vigorously is 
strong, but this should be resisted in view of the 
excellent cosmetic appearance associated vi jth spon- 
taneous resolution Rare exceptions arc made in the 
case of a bleeding angioma, an extending ulcer, or 
interference with the function of an eye or body 
orifice, c.g , the urethra and anus. In such in- 
stances, one has a choice of treatments: low-dosage 
radiotherapy, local freezing, surgical excision, injec- 
tion of sdcrosing solution, electrocoagulation, or 
compression The immature angioma Is made up of 
immature vessels which may show sclerosing 
changes at any lime. In two-thirds of the cases this 
occurs before the age of one year, but in some the 
involution is not complete until the child is seven 
)cars old The signs of disappearance are subtle at 
first, but later one secs while or gray islands ap- 
pearing in the crimson lesion. 

Mature augtoma, the rarest form, show's no tend- 
ency to involution, nor is it radiosensitive. TTie 
lesion is made up of adult type venous cdiannels. 
Much of the tumor is in the subcutaneous tissue. 
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but parts may be raised in nodules or plaques. These 
lesions are distinguished from the immature t)pc 
die fact that they show no relative increase in 
size with age. The only definitive treatment is 
excision and grafting. Often such radical treatment 
is inadvisable and the lesion is left alone. 

The Ecalustion of Pigmented Ncei 

It may be stated at llie outset that it is im- 
possible to examine any single pigmented nevus 
and state positively that it will never undergo a 
malignant change. On tJie other hand, it is neither 
feasible not justifiable to undertake wholesale ex- 
cision of pigmented moles; some degree of clinical 
judgment must be exercised. 

Pigmented nevi are often not manifest at birth 
but characteristically develop during infancy and 
childhood, and a few do not appear until adulthood. 
Nevi first appear as macules. These lesions are 
ordinarily of two histologic types: (I) those m 
which the sUn appears normal histologically except 
for increased deposition of melanin and a greater 
number of melanocytes at the cpidermal^ermol 
function and (2) lesions which show clumps or 
aggregations of nevus cells apparently "dropping 
oU” or being extruded Irom the epidermal-dermal 
junction into the underlying eonum. The first type 
IS known as an inaciiie function nevus; the second 
may be active or inactive. As the child becomes 
older, these macules may become thickened and 
slightly elevated, and the histologic picture changes, 
with cords or bands of nevus cells becoming aggiC- 
gated in the eonum. This Icswo Is called a csim- 
pound nevus, part epidermal and part dermal. With 
the further passage of time, more elevation of the 
lesion occurs and the nevus cells aggregate entirely 
twthin ihe corium. This is the intradennal nevus, a 
mature lesion which is almost always benign 

In children a pigmented nevus can evolve rapidly 
with cellular features of hyperplasia and anaplasia 
resembling a malignant melanoma of the adult. To 
this lesion the term fuvenile melanoma has been 
applied However, true malignant melanomas are 
50 rare in childhood that it is often justifiable to 
delay decision about removal of a suspicious nevus 
until puberty. 

The presence of pigment alone does not indicate 
that a papule or tumor of the skin is a melanocy'tic 
nevus Certain entirely unrelated tumors, many of 
them benign, may show m.uked hypeipigmenlation. 
The sebonheic keratosis or wart, a very common 
leslOI^ is the best example of this. Histiocytoma, 
a common fibromatous lesion arising from the 
corium (seen on the lower legs of women) m-iy 
also be pigmented. Senile or actinic keratoses are 
sometimes dark, and pigmentation is frequent in 
basal cell epitheliomas (see Fig. 303-1). 



DISEASES or SUrrORTINC TISSUES 

Flal Lesions. These are simply macular, pig- 
mcnlcd spots. On histologic examination they shmv 
junctinii.n] activity in over two-thirds of instances. 
In such lesions even plgmcntatiort and sharp tlcfinl’ 
liort of tlic l>order arc reassuring. In adults a s'crj’ 
high proportion of such lesions will pro\-c to he 
Icntigines and of htlle significance in rcg.inl to 
otcntial malignancs*. HowcNcr, if the pl^mcnlttlton 
ccprncs speckled and the border more haztj and 
irrcfliitar, tlie odds arc in fa\’or of junctional activity, 
and the lesion must be regarded with stispicion. 

Slightly Elevated Lesions. Such moles are Inter- 
mediate between flat pigmented and those which 
are raised above the surface of sunoundlng skin 
The lesion is clearly palpable. Most will prove to 
he compound nevi and will give some cwidcnce 
of junctional nctisity. Many of them, particularly 
in younger patients, will csolve in time into 
“pure" intradermal nc\i. They need not he ctci$e<l 
routinely. 

Neii with Tigmented Halo. These arc ordinarily 
slightly elesated lesions Uic base of which Is sur- 
rounded by a flat pigmented ring with a liorder 
that is sometimes Irri'gular. These lesions arc very 
likely to show junctional actisily and should he 
adc“cjuatcly excised. 

Vcmicoid Lesions, rigmentcd nevi witli a mark- 
edly serrucose surface are raised and often \cry 
dark. Some thri'c-fourlhs of such lesions show* 
histologic es'idcnce of junctional activity while the 
rest are Intradermal. 

liaised nevl tale other forms; these include 
lesions with a pol>*ploid or faspbcrT)**hVc surface, 
a dome-shaped flat lesion, a lesion attached to 
the skin by a thick pedicle, and lesions definitely 
p-ipillomatous, sometimes attached only b)* a thin 
stalk. These four 1)*pes of lesions tend to be of tlic 
intradcnnal t^pc and need not he excised unless 
definite changes arc noted in them. 

Certain general considerations m the assessment 
of nevi apjily fo all morphologic t)pes. A sudden 
change in the pl^mcutatian, citlier In more markwl 
pigmentation, to splotchy irregular character, or to 
fuzziness at the border of tlie lesion must he re- 
garded with suspicion, particularly in Hit lesions. 
Ifowcvcr, it must he kept in mind that mclanocjtic 
nevi show variations in pigment at puberty and 
during pregnancy and, to some degree, after expo- 
sure to sunlight. 

The presence of fulhj developed, stiff hairs in 
the nevus is a reassuring sign. While it is not an 
absolute dictum that hairy moles do not precede 
melanocarcinoma, it can be said that they rarely 
do. Such lesions are often frequently traumatized 
by repeated pulling of the hair or during shaving. 
We have never observed an insl.ancc of melanoma 
arising from such a lesion, though there arc isol.'ited 
reports of this. 
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Fiix 303-1. Vanous morphologic p.nltcms m pigmented 
nevi Tlie le»ions in the left column arc. in general, more 
likely to be Junction new ( After C S/m/fer, A M A, 
Arc/i Dermatol, 72.120. 1035.) 

CIvanges iiv Size. A sigiu/iccnf change in sue of 
a pigmented nevus in adults must almost ahvavs 
be regarded as a basis for excision. The one exeep 
tion to this is the common occurrence of acute or 
chronic follicular infection in hairy nevi with the 
development of tenderness and swelling Such in 
flammator)' changes arc no cause for alarm, but 
if ihc mole becomes repeatedly infected, excision 
is ndvi$.ablc. 

Ulceration and/or bleeding of previously quies. 
ccivt snolcs arc two signs of mohnocarcinoma which 
arc most commonly mentioned in cancer propa- 
g.'itid.'i. However, these are late changes, and it is 
essential to rccogiiirc the more subtle prodrom.il 
clianges in moles jf melanucaTcinoma is to be con- 
trolled 

Pigmented Lesions of the Mucous Membranes. 
Melanocytic nevi may involve the stratified epi- 
thelium of tlie mouth and mucocutaneous junction 
of the nmis Such lesions arc usually flat and may 
lie exceedingly difficult fo interpret clinically. The 
decision is often cnicial because melanocarcinoma 
arising In the mucous membranes is rarely cured 
Pigmentation of the mouth in Negroes is common 
and is ordinarily blotchy and fairly* diffuse. Ilyper- 
pigmcntalion from chrome irritation, e g , along 
the bite margin, is also common and need not be 
a cause for worry. In the Peutz-Jegliers syndrome, 
pigmented macules of the mouth, hf s, and/or digits 
may he associated with intestinal polyposis. The 
most difficult lesions to interpret are freckles on the 
lips or dilated superficial blood vessels, usually 
veins, which arc commonly blue-black and may 
become sclerosed. While these latter lesions are 
usually recognizable, punch biopsy m.iy occ.asionaIly 
be indicated. 
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Cancer of the SUn 

The majority of skin cancers arise in the e^i- 
(Icrmis and arc knorvn as basal cell epithehomtu. 
Long knorni for their chronic tendency to enlarge 
and ulcerate, they are responsible for the public 
injunction, “See your doctor about any sore which 
doesn't heal." It is a destructive tumor which 
presents no immediate or direct threat to life, but 
winch if not removed completely ^'^ll progress re- 
lentlessly, possibly killing by invasion into underly. 
ing structures. The typical basal cell epithelioma is 
recognizable as a discrete pale waxy nodule. Ilow. 
ever, the range of appearances is so great that 
histologic study is regularly demanded of any 
suspicious growth or ulcer. Cnistcd bleeding Icsioiis, 
pearly borders, and telangiectasia, all suggest an epf. 
Atveiisimj TJap iesxyis may he smysiac? asrd may 
multiple, but over 90 per cent are on the exposed 
areas, viz., head and neck. Treatment may be surgi- 
cal excision, curettage, electrocoagulation (ihc-se 
two only for small early lesions), or x-ray therapy. 
In every instance, hov\’cver, tissue must be pre- 
sented for histologic study. 

Squamous cell earcinotna is the active, invasive, 
metastasizing form of cancer of the epidermis. li 
commonly arises on the face and neck, one-third 
being found on the lower hp All these areas are 
overexposed to the elements or are sites of chronic 
irritation. Often the precaacerous change of leuko- 
plakia is the warning signal Treatment again 
complete eradication of all tumor cells. Suig^ 
and/or roentgen therapy should be employed 
\Vhere there is reason to suspect regional lymph 
node metastasis or subcutaneous extension, radical 
dissection may be necessary. 

Li/nip/iomas 

Cutaneous lesions accompanying lymphomatous 
disease are citlicr specific or nonspeafic. In the 
specific lesions, e.g., p-ipules, the lymphoina cells 
are found in the skin on biopsy In the nonspecific 
lesions or leukemids, toxic or allergic factors are 
responsible. Of particular note arc certain cutaneous 
reactions incited by Ij-mphonias: 

Gmernlized pruritus Purpura 

Edcmalous plaques Herpes zoster 

Erytlicina multiforme Acquired icliUiyosis 

Exfoliative dennahUs 

Any of tlicse demand a careful medical examination. 

Mycosis fun^oidcs stands opart, although it is a 
member of the l)’mphoma group. It has a distincbve 
cutaneous evolution and can often be recognized 
clinically before histologic proof is forthcoming. 
The course is uUiniatciy Lital, nlthougb usually 
slow and protracted. It evohes m tlirce distinctive 
phases; 


1. Premycotic (erytliematous) stage character- 
ized by scattering pruritic patches on the body may 
be present for a score of years. The skin changes 
resemble psoriasis or neurodermatitis and are well 
demarcated. Itching is the predominant sign. Histo- 
logic study is not diagnostic, 

2. Tlie plaque or infiltrative stage is associated 
with Ijinphadenopathy and infiltrative lesions- In 
tlus stage tliero may be associated skm changes 
such as erythema multiformc. The biopsy gives a 
distinctive diagnostic patterning of mycosis fun- 
goidcs 

3. The tumor stage presents numerous tumors 
(I to 15 cm), reddish-brown, and at times ulcera- 
tive. Again the histologic picture is clearly diag- 
nostic. The end is near at diis stage. Treatment is 
usually by roentgen rail’s or radiomirnctic drugs. 

PHOTOSENSITIVE STATES 

Discoid Lupus Erythematosus, From a practical 
clinical standpoint discoid lupus erythematosus is 
to bo sharply diilercntiated from systemic lupus 
erythematosus (p. 1892). Although transitions in 
these diseases may occur, they are unusual and 
should not influence the general nosologic distinc- 
tions. Discoid lupus presents a pathognooiomc 
clinical, os well ns histologic, pattern. Occurring 
more often in women between the ages of twen^ 
and forty, tlie disease begins as erythematous scal- 
ing lesions, commonly of the cLeclu and the bridge 
of the nose. The scalp, mucous membranes, and V 
of the chest, fire often involved as well. As the 
lesions extend, they show evidence of depigmenta- 
tion, alopecia, and true atrophy. Telangiectasia is 
an espeaally prominent finding. In nearly all cases, 
sensitivity to sunlight is a primary finding. Exposure 
to ultraxaolet light therapy may set off an explosive 
flare Treatment centers on the anhmaJanal com- 
pounds. In most instances avoidance of sunlight, 
coupled with cWoroqume (250 to 500 rog a day), 
affords tlie patient protection from extension, and 
reduces the acute infiammatoiy element, but does 
not erase the atrophy or depigmentatioii 

Other Photosensitive Syndromes 

Although marked sunburn, freckles, aging, kera- 
toses, herpes simplex, and epithebomas follow ex- 
cessive sua exposuTi in sensitive individuals, there 
are two major classes of cutaneous reaction to sun- 
hght 

Photosensitiz.'ition Bcaction. This is receiving 
considerable attention now because some of the 
nswer drugs induce this sensitivity to sunlight- 
These include demethyl-cldortetracycline, the pso- 
ralens. sulfonamides (including the antidiurelic 
derivatives. Chlorothiazide), and phcnotlnazincs 
Tliese compounds, acting as photodynamic agents. 



DISEASES OF SUPPORTING TISSUES OTHER THAN BONE aup. SD3 1935 


make the patient more sensitive to ultraviolet radia' 
tion. The photodynamic action is a primary physieo' 
chemical phenomenon wherein radiant energy is 
captured in the skin and produces toxic effects. 
Clinically, one sees a brisk and prolonged accentua- 
tion of the sunburn reaction. 

Poljinorphic Light Eruption. In certain individ- 
ua's, exposure to sunlight may induce a wide range 
of eczematous or papular and inSammatoiy 
•'hanges. Unhke the photosensib'zer reaction, the 
cause here is entirely unknowm. Clinically, suspicion 
is aroused by the history of sun intolerance and ap- 
pearance of the eruption in the exposed areas. 
Chloroquin therapy is remarkably specific and 
effective. Indeed, a therapeutic trial may be used 
as a diagnostic test at times. 

SUPERFICIAL FUNGOUS INFECTIONS 
( Ringworm ) 

The resident cutaneous flora is predominantly 
bacterial, but a single fungous genus, Pitijrosporum, 
with two species, is also represented. Pifyrosportim 
ot*a/e, a yeastlike budding organism, occurs in abun- 
dance in the scalp and in areas of high sebaceous 
gland activity, but its etiologic relationship to dan- 
druff or seborrheic dermatitis has never been 
proved. Pityrosporvm orbiculare. while normally a 
skin resident, may play a part in the development of 
the common banal disease tinea versicolor. Sapro- 
phytic mold fungi are numerous in the atmosphere, 
and spores contaminate the cutaneous surface more 
or less continuously. For the most part they remain 
dormant on the slan hut are problems in mycologic 
diagnostic work because of their tendency to over- 
grow culture plates. Common weed fungi, such as 
species of Pcnicillium and Aspergillus, proliferate 
on diseased skin and have often been wTOngly in* 
criminated as the primary cause of cutaneous dis- 
ease. Weed fungi are particularly prone to colonize 
necrotic ulcers, the inflamed ear canal, and disease 
of the subungual skin, but recov'ery of these fungi 
from such areas should not be interpreted as signi- 
fying pathogenidty. 

The importance of the superficial fungi as a 
cause of many cutaneous diseases has been con- 
siderably exaggerated ond has led to many un- 
necessary reactions from treatment by irritating so- 
called “fungicidal compounds/* It is worthy of 
emphasis that mBammalory reactions on the feet 
are by no means a]wa)s due to fungi, and even if 
tlic palliogcnic fungus is recovered, this may be 
only a minor contributor to llic infiammaloiy 
changes which may be present. 

Tlie superficial ringworm infections may be 
divided into two main groups: (1) tlic keratinol^tic 
and (2) tlic nonkeratuvolytic, a miscellaneous group. 
The distinctive property of the ringworm fungi is 


die possession of an enzvTne which enables them 
to digest keratm. W'ith this biochemical equipment, 
the nails can be disintegrated, hair dissolved, and 
the scaffolding of the stratum comeum, the ker- 
atinized cells, demolished. The matrix of the hair 
and nails is not attacked nor the epidermis itself. 
Except in unusual instances, there is no tendency 
vvhalever for these fungi to invade living tissue, 
nor has any toxin been isolated. However, sensiti- 
zation to nngvvomj fvmgi may be induced. This is 
seen most strikingly in inflammatory reactions oc- 
curring during the course of nngvvorm of the scalp 
or in some instances of acute inflammator)' erup- 
tions of the feet. 

The ringworm fungi, or dennatophytes, are 
divided among three genera, Trichoph^on, Micro- 
sporum, and Epidermophyton. At least one patho- 
genic ringworm organism (M, gypseum) has been 
repeatedly isolated from the soil, which it pre- 
sumably inhabits as a saprophvte. By and large, 
however, human infections are contracted either 
from infected animals or from other human beings. 
Certain species, the so-called anfhropophilic orgon- 
isms, show a distinct preference for human beings, 
occurring rarely or not at all in animals. The best 
example of this is the organism which commonly 
causes ringworm of the scalp, especially In urban 
areas, oudouini. The zoophilia ringworm fungi, 
on the other hand, arc frequent pathogens of 
domestic animals from which they may be trans- 
mitted to human beings The anthropophilic species 
have the clinical peculiarity of causing relatively 
noninflammatory and often very persistent types 
of tmgvvorm while the zoophdic organisms tend to 
incite short-Lved inflammatory diseases in man. 

The transmissibility of ringworm infections has 
been greatly overrated It can be demonstrated 
regularly only in certam types of ringworm infec- 
tions of the scalp occurring almost entirely’ in 
children. In adults, the transmission of the common 
types of ringworm infections of the feet, groin, and 
nads remains to a great e.xtent a mystery. It is diffi- 
cult to produce an infection with superficial ring- 
worm fungi experimentally in man regardless of 
the conditions of e.xposure. It is a curious fact that 
ordinary ringworm infections of die feet, thougli 
common in young men, arc relatively uncommon 
to rare in children, in women, and in the aged. 
Familial infections with superficial ringworm fungi, 
with the exception of tinea capitis, are very uncom- 
mon. This is in contrast to some other infections 
such as the virus of vvarts in which infection of all 
members of the family living together Is sometimes 
observed. 

An important principle that provides mneh in- 
sight into certain peculiarities of the hosl-parasite 
relationship in ringworm infections is that if super- 
ficial ringWTjrm infections become markedly inflam- 
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matory, there Is a tendencj’ toward spontaneous 
cure. Marked Inflimmalion is Incompatible with the 
continued proliferation of the fungus because it is 
either desquamated along with other products in 
the wTike of the inflammator)’ reaction or finds itself 
in an inhospitable cn\ironment o«ing to inter* 
fcrencc wlili normal keratin sjaithcsis. The success 
of the ringworm parasite in entrenching Itself on 
the surface is dependent on its not provoking much 
reaction in tlic host. This is particularly well seen 
in one of the most chronic of all common ringwonn 
infections of adults, that due to Trichoph^on ni* 
bnim, in which the infl.immatory changes may be 
minimal, but in \vhich tlie infection, once estab- 
lished. may persist for many years. On the other 
hand, when tlic parasite injures the host to the pomt 
of pro\-oking a significant tissue reaction, it seals its 
owTi doom, and the infection is almost abvays short- 
ly ed. Tills tjpe of spontaneous cure is the basis 
for a clinical rule that such lesions should be 
treated consers-'athcly. Antifungous agents become 
superfluous and unnecessary; the treatment is es- 
sentially tfiat which might be applied to an acute 
or chronic dermatitJe process of any type. 

In an inflammatofy change affecting the skin in 
wiiich a diagnosis of superficial ringworm is sus- 
pected, there axe three essential considerations. 

1. Is a iungtis prcscril? This may be determined 
easily by obtaining an adequate scraping from an 
nctiie portion of the lesion and esamlnation of the 
scales ill a potassium hydro.’iide preparation Precise 
cultural identification of the fungus present is by 
no means al\va)s neerssar}’ to intelligent treatment, 
though It is of value if the facilities for tins are 
readily available. 

2. h the process octite, s»bacti/c, or chronic^ 

In the presencx* of an acute reaction, the inflamma- 
JIA7’ iyJS spentA’fccvfsJr 

proMcled chemical or ph}sical trauma to the af- 
fected skin is avoided- In subacute or chronic ring- 
worm infections iiotliing can be accomplished in 
terms of a compound which is specifically fungicidal 
in Mvo, there are no such compounds as-aiiablc. 
Tlic thcraiTCiilic attack must be by way of making 
conditions less fasor-iblc for the proliferation of 
the fungi, by comb.sting mfitmmation, by assbting 
the exfoliation of infected skin, and by presenting 
sfcond.iiy bacterial invasion. 

.1 Arc factors other than /imgi contribullnn to 
the fii/lflmniaforT/ changes scen^ Examples include 
excessi\-e sweating and maceration, pnmarx’ irrita- 
lions or sensilirations from applied snedicattem, anti 
plirtit-al trauma from shoes or clothing. 

Specific Treatment 

The clinical use of the antifimgoiis antibiotic. 
-.^griJeofulvm, dales from 193S Tlie cxpenmental and 


clinical studies with the compound liavc now been 
sufficient to permit certain conclusions as to its 
efficacy' in various types of superficial fungous infec- 
tions. Though griscofulvin has, to date, provctl to be 
a \ciy safe drug, its final capacity for adverse reac- 
tions must await further widespread clinical use 
under varying conditions. Also, though acquired re- 
sistance of fungi to the antibiotic does not yet seem 
to be a significant clinical problem, further e.xperi- 
cncc may require some revision of this view. 

Griscofulvin is water insoluble and thermostable 
and is obtained as on antibiotic by fermentation of 
several species of penicilha. It is chemically un- 
related to any other antibiotic now m use, and no 
cross-sensitization reactions with other medicaments 
have been observed. Following oral administration, 
Ibe peak concentration ocairs in the blood in 4 hr, 
but traces persist for 72 to 96 hr. Active material is 
apparently concentrated in the stratum comeum, the 
hair, ard the nails, as these structures are formed, 
and is transferred to the pcrinlicry at the same rate 
as tlie normal growth of the keratinous structure It 
is clinically important to recognize that the anti- 
biotic docs not penetrate to infected dead kerati- 
nous structures, particularly nails nod hairs, but is 
deposited only ns new keratin is formed 

Griscofulvin is highly active against all known 
species of rnc/io/ifii/foii, Microsporum, and £;i«fer> 
mophijlon. It is not cjjcctive against Candida alhi- 
cans, the organisms causing tinea versicolor or 
crytlirasma, and the deep fungi pathogens The 
antibiotic is fungistatic and not fungicidal. Some 
antibiotic resistance has been induced m vitro, but 
this IS of a low onlcT, and has not pioxcd to have 
clinical significance as yet 

Toxic reactions resulting from therapeutic doses 
of griscofulvin in man are imeommun, and to d.xte 
.voiw ef Alww Aiw ptvteel AWsw'Avcw.'ivalsg' They 
include: (1) gastrointestinal distress or loose stools, 
(2) headaches, (3) urticaria, (4) an erythematous 
morbilliform eruption. All these re.actions disappear 
promptly on cessation of the drug, or even while it 
is being continued. 

Possibly tlic most significant, though very rare, 
reaction to gnsrofulvin is an ill-defined slowing of 
reaction time and interference with coordinated 
moxemenis. particularly if the dose of the drug is 
raised to 2 0 Cm per liay This may be of im- 
portance in the driving of automobiles, the flying of 
aircraft, and other activities requiring well-coordi- 
nated reactions. In the few patients who have cx- 
peikntcsl this teacVion, lowering of the dose to 1 0 
Cm per day has restiUetl In its disappearance. Tlic 
mcchxnlun is unknown. 

Hematologic studit's, and determinations of liver 
and kidney f unt lion, in patients receiving prolonged 
gnseofiilvin therapy, have not yielded any convinc- 
ing evidence of toxicity on these organs Neverthe- 




(Upper left) Epidermoid carcinoma dc\ek^ag m scar of bum on loner leg. Any persistent ulceralis'e or pro- 
IJcratue process in a scar should be subjected to biop^. (Upper right) Basal cell epithelioma. This is a relatively 
neglected lesion. Surgical excision was curabve. {Center left) Chronic psoriasis and amelanotic melanoma. In ex- 
tensive clironic dermatoses the development of Other sigmficant unrelated skin lesions, particularly tumors, may 
easily go unnoted. (Center right) Severe bullous reaction to sulfathiazole. The lesions arc very similar to those 
- in pemphigus. This pabcnl had been sensitized by previous prolonged topical sulfonamide therapy. (Loicer 
__ ) Noilulcs of melanocaicinoma of scalp occiiTTWg around scar of pre^ously erased jievus. Wide excision was 
, curative. (Lotcer right) Severe industrial contact dermatitu. 
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left) Widespreati mjcoi«s fungoitlcs. TI>is fs die emty lymphoma wliich produces characteristic slln !e- 
tprper r/g/if) Leukemtd eruption m a patient with rapidl/ fataJ acute mjelogenous kulemij. Tliis was the 
wtial sign of illness. The skin lesions showed no leukemic fnSItrate. {Center left) Severe sehonhcic dermatitii 
'* • otitis externa and secondary streptococcal infection. (Center r/ghf) Longstanding hlastom) costs. Tlic patiinl » 
general hwlth was excellent (Latecr left) InHammaioiy tinea profunda {Tr%chophtjton mrn/i7gro//iytcr) infre- 
acquired from a cow. No S)’Steinic reaction. This lesion involuted spontaneously. (Lotcer tight) Atopic def* 
•«atitis. Involvement of the antccubital fossa and surrounding skin is characteristic. Tlic changes seen are al- 
entirely due to scratching and rubbing. 
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less, as has been the case witli many drugs in the 
past, isolated serious reactions insolving these organ 
systems may not be seen until hundreds of thou- 
sands of patients ha^e been treated. The extensive 
initial experience has, houever, been extremely en- 
couraging. 

Griseofulvin when taken by mouth is effective 
against skin, nail, and hair iiifection produced by 
the dermatophytic fungi. It has shou-n no effective- 
ness whatever against other diseases which clini- 
cally resemble such infections, and tlie diagnosis 
should be firmly established before the drug is 
given. Because, in the majority of cases, prolonged 
therapy is necessary for cure, the advisability of 
avoiding futile administration for nondermatophytic 
diseases of the skin becomes particularly important. 

The average dose advised for griseofulvin for 
adult patients is 1.0 Gm daily. There seems little to 
be gained by dividing this into four equal doses of 
250 mg each, and it may be fully effective If the 
daily dose is taken all at once. In occasional pa- 
tients, a lack of clinical response may dictate an 
increase in the dose to 2.0 Gm daily. With doses of 
less than 1.0 Gm daily, relapse of the infection or 
partial failure of treatment is common. 

Ringwonn of the Feet. This is the most common 
typo of ringworm infection and is largely a penalty 
for nearing shoes. The majority of young American 
adult males acquire fungous infections of the feet, 
the incidence being between 40 and 80 per cent. 
Tlie rate is highest in scmitropical to tropical 
climates. Fungous infections of the feet are ex- 
tremely rare in children and are not common in 
Women. 

The favorite sites of involvement in ringworm 
of the feet are the Interdigital spaces, especially 
the third and fourth, the inner side of the arch, 
and the toenails. Scaling is a constant feature of 
subacute or chronic fungous infections of the feet. 
Inflammation in interdigital spaces may be variously 
caused by fungi, by MonlVta, by simple maceration, 
or may be due to psori.isis or some other disease of 
the skin. If inflamed fissures arc present, secondary 
bacterial infection may be suspected. The fungus 
most commonly cultured is Trlchophijion menta- 
^rophytes. Tlic intertriginous involvement may re- 
main chronic and localized or may sometimes show 
acute exacerbations, with the formation of vesicles 
and biilhc extensively over the feet and with ve- 
sicular lesions elscwheie on tlic body, partkmlaily 
the hands (“id" reaction). 

Ringworm infections of the feet may persist as 
occasional patches of vesicles which tend to localize 
on the instep portion of the sole and on the heel 
•and ball of the foot. In severe cases the entire sole 
may be involved. The process docs not commonly 
extend over llie dorsum of the foot. If flic dorsal 
surface of the toes is involved, a contact dcmulUts 


from applied medicaUon or from footgear should 
be suspected. 

During exacerbations of the vesicular t)pe of 
ringworm infection, the lesions frequently fuse and 
contain a yellowish, gelatinous fluid. Fungi are 
often not demonstrable at this phase bcc.'uise they 
are being cast off so rapidly. Wsiclcs on the sole 
may be so deep as to appear papular and may not 
rupture spontaneously. 

The most chronic type of ringworm infection of 
the feet is caused by T. ruhnim. This is frequently 
unilateral. It is characterized by diffuse scaling, 
often of a fine, branny character, b\ reblivc lack 
of inflammation, and by axtreme chronicity. The 
process may become diffuse over the entire plantar 
surface and extend over the sides of the foot in a 
‘'moccasin" distribution. The condition is some- 
times difficult to differentiate from ichthyosis, from 
a congenital keratosis, or from psoriasis 

Involvement of the toenails is almost inevitable 
in any long-standing fungous infection of the feet. 
* 110 $ may be difficult to differentiate from the trau- 
matic distortion which occurs incvitablv m the toe- 
nails of older persons, particularly men Fungi arc 
hard to isolate in scrapings taken from the nails 
because they are ox’ersliadowcd by kcmlinoiis de- 
bris, bacteria, and molds It is prob.ablc that fungi 
in and under the nails are the chief source of what 
appear to be reinfections of other parts of the foot 

Griseofulvin is of considerable value m the treat- 
ment of the dry scaling fungous infections of the 
feet, but it is of lesser lielp m approathing the 
problem of vesicular fungous infections of the feet 

1. Dryness is the most important single f.ictor, 
especially in intertriginous involvement A p.ilient 
With subacute or chrome ringworm should be most 
meticulous and careful about drying the toes after 
bathing. It is helpful to do this vvilh a dry, crash 
waslicJolh, with friction sufficient to remove scales 
and mascerated skin The wearing of tight occlu- 
sive footgear should be avoided whenever possible, 
and during warm w'cathcr the wearing of sandal- 
type or aerated shoes is worthwhile. If there is 
excessive perspiration, the use of a nonabrasivc foot 
powder is helpfulj it may Ixs found advisable to 
change the socks once or twice daily. Socks of an 
absoibcnt variety arc best, though llicy should not 
be too heavy during warm weather. An elalxirale 
ritual of boiling socks has no demonstrable value; 
the sources of reinfection arc numerous enough on 
Uie foot itself. 

2. Rest is helpful in the treatment of infiamma- 
lion of the feet due la fungi. In severe exacerba- 
tions bed rest may be essential. In less severe forms 
tbc patient should restrict walking and athletic 
aetiv-ity. 

Tlie actual treatment of the infection is de- 
pendent upon the dcgri-c of inflammation. In acute 
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bullous exacerbations, foot soaVs of any bland solu- 
tion, oitlier hot or cold, are helpful Vesicles and 
bullae should be opened; this may be done safely 
by the patient himself, with a needle or with carved 
manicure scissors. Tops of bullae should not be cut 
away completely because this exposes the underly- 
ing epidermis. A shake lotion may be used spanngly 
to advantage, and in this phase hydrocortisone m a 
lotion is often helpful Ointments should be used 
only after the process becomes less acute and should 
be applied at night rather than m tlie morning It 
is of particular importance that evidence of second- 
ary bacterial infection be xvatched for For very 
severe acute attacks a short course of systemic 
corticosteroid therapy may be justified. 

In subacute or chronic tjpes of fungous infec- 
tion, whether inlcrtnginous, vesicular, or dry scal- 
ing type, several prcp.arations are useful. The fatty 
acids are helpful and rarely cause irritation. Castel- 
i.infs paint is especially good for intcrlriginous areas 
and for patches of \esicles. If there is thickened skin 
on the soles or macerated debris betw een the toes, 
n preparation which will increase exfoliation should 
be prescribed Care must be taken, however, that 
it is not applied m a concentration wluch will pro- 
duce damage. Between the toes, a preparation con- 
taining 3 per cent salicylic acid and 0 per cent 
bcn 20 ic acid in 70 per cent propyl alcohol is useful 
The same chemicals may be incorporated m an 
ointment-type base yielding a half-strength Whit- 
field ointment. Some patients may find fatty acid 
ointments more helpful An alternate tv-pe of prep- 
aration Is one containing salicylic acid and sulfur, 
usuallj’ in a concentration of 2 or 3 per cent each. 
rrca/«icnf should be directed toward making the 
conditions for the growth of the fungi fess optimal, 
toward allowing the sUn to recover as rapidly as 
possible during acute eaflccrbotions, and loieard os- 
siVrthg’ rtlv sivT rtr tusfcijf Alv /birgi* ak/cA cmr pres- 
ent entirely in the stratum corneum or in the 
nails. 

It has been suggested, though on debatable evi- 
dence, that the presence of a ringwomi infection 
of the feci, particularly that caused by T. nibrum, 
may induce peripheral vascular disease in Hie feet 
and lower legs. The authors are not convinced that 
this is true, but, in any event, n ringworm infection 
of the feet becomes of increased importance In pa- 
tients with peripheral vascular disease or with 
diabetes. The scnipulousness of foot hygiene must 
be redoubled, and particular care should be taken 
not to use cliemicals with possible cautcrant eHecls 
on the skin because a very slowly liealing ulcer may 
result. The services of a competent chiropodist are 
helpful to such patients, not only from the stand- 
point of maintaining good fool hygiene, but in an 
effort to remove irritation from toenails, calliises, 
and footgear. 


DISE.\SES OF ORGAN' SYSTE.Ms 

Maiocclus granidouifl is a distinctive manifesta- 
tion of ringvvorm infection in the form of a graruj. 
lomatous folliculitis and perifolliculitis. It occitrs 
most fiequently in women who shave their legs and 
who have a diffuse T. riibnm infection of the feet. 
Indefinite and rather indistinct scaling patches t|c 
velop on the lower half of tlie lower leg, and in- 
flammatory nodules develop at the borders of tlitse 
patches The nodules rarely exceed a centimeter m 
diameter and are Hat or only slightly elevated If 
the lesion is observed early, it may be seen to be 
centered by a hair, 'fhe nodules are not pruritic 
and usually only sbghtly tender. They do not pro- 
gress to suppuration and persist as long as 3 or 4 
months. They may then become slowly absorbed or 
undergo necrosis and heal with a depressed sc-ir. 
Histopathologic examination reveals a characteristic 
foreign-body granuloma; degenemting fungous ele- 
ments may be demonstrated by the HotchkiSi- 
Mc.Manus method. 

Certain other puzzling conditions of the lower 
extremities are seen in association with fungous in- 
fections of the feet, tliough the precise relation js 
difficvill to establish One is an erysipelas-hke proc- 
ess of the lower extremities occurring in the form of 
a recurrent superficial cellulitis of brief duration and 
apparent])’ representing an “id” reaction. On the 
legs and elsewhere, the following reaction palterhs 
may be in some cases representative of an allergic 
sensitivity to ringworm: (I) erythema nodosum, 
(2) en-theroa muUiforme (rare), and (3) indefinite 
macular rashes 

Ringworm of tJie Noils. When a superficial ring- 
worm infection involves tlie toenails and/or finger- 
nails, topical therapy becomes quite useless Cure 
may sometimes be effected by removal of tlie nad 
pbte, and careful scraping away of all debris in 
the lateral gutters and in the nail base However, 
ffiis procedure is rarefy successfiif in the toenail’s 
and IS not advised. Reinfection is usually prompt 
In fingernails, successful cure of the ringworm in- 
fection b) surgical avulsion is more frequent, though 
probabl} less than 50 per cent It is more likely to 
be helpful if only one or two fingernails are in- 
volved and if there is not an extensive focus of 
nngvvorm infection on the skin of the hand Care 
must be taken not to confuse otlicr nail dystrophies 
with a nngvvorm infection. Tlie most common of 
these arc psoriasis, chronic dermatitis of tlie dist.iI 
phalanges, chronic paronychial infection, and ar- 
tlintis involving tlie distal joint. 

Griseofulvm has revolutionized the treatment of 
fungous infections of tlie fingern.iils. Cure can by 
obtained by Uie administration of gnscofulvin over 
long periods. Because of tivc slow growth rate, it is 
necessary to administer the drag daily for pcriovls of 
as long ns 5 or 6 months in the treatment of finger, 
nail infections. The toenail grows even more slovvij 
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Clinical cure of toenail infections may require a 
period of treatment of 18 months. Hence griseo- 
fulvin is rarely recommended for treatment of ting- 
worm of the toenails. 

Ring^vorm of the Groin. This is a common afflic- 
tion, especially in males during the summer months. 
The characteristic lesions are seen in the crural 
folds and the upper inner thigh, usually with an 
annular, scaling ring in the latter area. Several other 
conditions may be confused, particularly psoriasis 
and seborrheic dermatitis. Anal and vulvar pruntus 
are not, per se, commonly due to fungi, though 
Candida may sometimes play a role. In tinea cruris 
it is particularly important not to use compounds 
which will produce any reaction because the male 
genitalia are very susceptible to irritation, and a 
chronic dermatitis which is protracted by scratching 
may result. 

Ringworm of tlie Body. Extensi\’e ringworm in- 
fections of the trunlc or extremities are uncommon in 
temperate climates, though they are seen with some 
frequency in the tropics. In the presence of a ring- 
shaped, moderately inflamed lesion, the odds are 
generally in favor of some condition other than a 
fungous infection, e.g., pit)Tiasi$ rosea, seborrheic 
dermatitis, or psoriasis. In those instances in which 
a proved extensive fungous infection of the shin of 
the trunk and extremities is observed in patients in 
temperate climates, patients should be subjected to 
careful study for hematologic disease or diabetes. 

Ringworm of the Hands. Though fungous infec- 
tions of the hands are by no means rare, this diag- 
nosis is made ^vith too great frequency. The infec- 
tion in this area has so much in common with infec- 
tions of the feet that it need not be considered 
in any great detail. There are two main types: ( 1 ) 
the inflammatory vesicular and (2) the noninflam- 
matory squamous. The former is uncommon in tem- 
perate climates, though dermatophytids associated 
With infections of the feet are common. Trichophtj- 
(on mentagTophytes is the organism usually recov- 
erable from the acute vesicular type. The course is 
one of spontaneous healing provided the hands are 
not subjected to constant chemical or traumatic 
irritation 

Ringworm of the Scalp. Tmea capitis is prctlom- 
inantly a disease of children and will not be con- 
sidered in detail herein. It is caused by a \ariety 
of fungi. In cases which are transmittcil from man 
to man, and in which the most common cjusaihe 
organism is Microsporum aiidotiini, the course is 
one of great chronicity; healing does not occur un- 
less increased resistance of the host becomes evi- 
dent in the form of mflammatoiy changes. Such a 
local response may become quite severe and pro- 
duce the lesion called a kenon. This has the ap- 
pearance of a bacterial infection and in time in- 
volutes spontaneously with cure of the ringworm 


infection, usually without permanent alopecia. In 
ringworm of the scalp acquired by children from 
animals, in which M. cani-s is the most common 
causative organism, the process is ordinarily in- 
flammator}’ from the onset and is self-limited. 

Ringworm of the scalp in children is a considera- 
ble public health problem, and tlie incidence of the 
infection rises and falls in urban centers for reasons 
vvbidi are not readily apparent. Treatment with 
griseofulvin has been remarkably effective. Some 
clinicians favor a single curative dose of 3 Cm. 

Various fungi are capable of producing chronic 
infection of tiie scalp in adults. Favus, caused by T. 
schoenleini, is relatively common in eastern Europe, 
but is rare in the United States. Another t)pe of 
adult ringw'orm of the scalp, that due to T. ton- 
surans, has long been seen with considerable fre- 
quency in Mexico and is being encountered in- 
creasingly in the southwestern United States and 
California. The condihon resembles seborrheic 
dermatitis or psoriasis, and tliere is usually moderate 
to marked loss of hair. It cannot be detected easilv 
because there is no fluorescence on Wood’s light 
examinabon as is the case with almost all ringworm 
infections in childhood The proper diagnosis is 
made, in most cases, only if the clinical acuity of 
the examiner Is high and if adequate znycologic 
studies are done. 
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Laboratoiy Values of Clinical Importance 


BODY FLUIDS AND OTHER MASS DATA QIEMICAL CONSTITUENTS OF BLOOD 


Body fluid, total volume: 50% (in obese) to 70% 0^^) 
of body weight 

Intracellular: Approximately 67% of total 
Extracellular: 16-20% of body weight 


Blood: 

Total volume: Male: 75 ml/kg body weight 
Female: 67 ml/kg body weight 
Plasma volume: Male: 44 ml/kg body weight 
Fersialw. mi/kg body weight 
Red cell volume: Male: 30 ml/kg body weight (1.15- 
1.21 L per eq m surface area) 

Female: 24 ml/kg body weight 


mEq (milliequivalenl) = 


mg/IOO ml X 10 X valent 
atomic weight 


mg/100 ml 


mEq X atomic weight 
10 X valence 


Afomi'c Weights of Elements Commonhj 
Encountered (n Clinical Medicine 


Calcium .... 

. 40 03 

Magnesium . 

. 24.32 

Carbon 

. 12.01 

Nitrogen 

. 14.008 

Chlorine 

. 35 46 

Oxygen 

. 1600 

Copper . 

63 54 

Phosphorus . . 

. . 30.98 

Hydrogen.. 

l.OOS 

Potassium. . 

. 39.100 

Iodine. . 

126.91 

Sodium. . . 

. . 22.997 

Iron 

. 55.85 

Sulfur 

. 3207 


CEREBROSPINAL FLUID 

CelU; <5 per cu mm, all lympbocytea 

Pressure, initial (horizontal position): 70-200 mm water 

Calcium*: 1.13-1.30 mEq/L 

Chloride,* as Cl": 118-127 iwEq/L 

Cholesterol: 0.06-0 22 mg/100 ml 

Colloidal gold test: Not more than two in any tube 

Cietitininc: 0.4-1.5 mg/lOQ ml 

Olucose*: 44-100 mg/100 ml 

pH*: 7.35-7.70 

Magnesium (average)*: 0 82-1.08 mEq/L 
Nonprotein nitrogen*: 12-30 mg/100 ml 
Phosphorus (inorganic)*: 1.2-2. 1 mg/100 ml 
Potassium*: 2.18-3 38 mEq/L 
Protein: 

(Total): 14-45 mg/100 ml 
Lumbar: 14-45 nig/100 ml 
Cisternal: 15 mg/100 ml 
Ventricular: 10 mg/100 ml 
Sodium*: 217-237 mEq/L 
Urea nitrogen*: 6-28 mg/lOO ml 

* Since tlie cerebrospinal fluid concentrations ate 
ViWium \-aliies, nu-u-ureinenl o1 blood plisma obtained 
.it the Mine time is r<'Comrnenile<l. 


Albumin, aerum: 4 0-5 2 Gm/lOO ml 
Ammonia, whole blood, venous; 30-70 /ig/100 ml 
Amylase, whole blood (Soraogju): 60-1S0 units/lOO nvl 
Ascorbic acid, whole blood: 0.4-1.0 mg/100 ml 
Leukocytes: 25-^0 mg/100 ml 
Base, total, eenim: 145-155 mEq/L 
Bilirubin, total, aerum (Malloy-Evclyn): 

01-0 8 mg/100 ml 
Direct, serum; 0 1-0 2 mg/100 ml 
Indirect, serum: 0 1-0 6 mg/lOO ml 
Calcium, serum; 4 5-6 0 mEq/L; 9-11 mg/100 ml 
Carbon dioxide-combining power, serum (sea level): 

21-28 mEq/L; 60-65 vol % 

Carbon dioxide content, blood (sea level): 

21-30 raEq/L: 50-70 vol % 

Carbon dioxide tension, arterial blood (se.a level) 

42 ± 4 mm Hg 

Carotenoids, serum: 100-200 pg/100 ml 
Chlorides, serum (as Cl): 9S-106 mEq/L, 

355-376 mg/lOO ml 

Cholesterol: Total, serum (Man-Peters method) 

(mean ± 1 SD): 101 ± 36 mg/100 ml 
Esters, serum; 100-180 mg/100 ml 
Cholesterol ester fraction of total cholesterol, scrum. 
63-73% 

Copper, serum (mean ± 1 SD). 114 ± 14 *ig/100 ml 
Corticoids, plasma (Porter-Silbcr) (mean t 1 SD). 

13 ±6#ig/100 ml 

Creatinine, serum (Peters) 1-1 5 mg/100 ml 
Fat, neutral, serum: 150-250 mg/100 ml 
Fatty adds, serum: 380-465 mg/100 ml 
Fibrinogen, plasma; 0.2-04 Gm/100 ml 
Globulins, serum; 1.3-2 7 Gm/100 ml 
Glucose (fasting), blood (Ntloon-Somogjd): 

CO-00 mg/100 ml 
Hemoglobin, blood (sea level) 

Males: 14-18 Gm/100 ml 
Females: 12-16 Gm/100 ml 
Icterus index, serum; 4-6 units 
loilme, protein-bound, serum 4-8 »ig/100 ml 
Iron, scrum, males and females (mc.an ± 1 SD): 

105 ±32.8 pg/100 ml 

[ran-biadiog capacity, scrum (mean + 1 SD): 

350 + SO 8 pg/lOO ml 
Ketones, total; 0 5-1.5 mg/100 mi 
lipsse, scrum (Cherry-Crawd ill) : 1.5 ml .V/2Q NaOH 
(upper limit of norm.il). (However, values nl)Ovc 1.0 
should be regarded with su«pition.) 
lipid pliosphonis (Man-Peters) (mean ± I SD): 

0.2 ± 1.4 mg/100 ml 
lipids, total, serum: 500-000 mg/lOO ml 
Magnesium, scrum: !.5-30 mCq/L; 2-3 mg/100 ml 
MeVhcmoi^olnn': < 18 % 

Nitrogen, nonprotein, «enifn: 15-35 mg/KiO ml 


ion 
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Oxygrn capacity, blood: 18-22 vol % 

Oxjct-n rontcnt: Arterini blood (•>'•» level): 17-21 vol % 
Vtnou» Mood, nmi (sea level). 10-lG x*©! 5e 
OxxgPH per rent Piluralion (sei lox'ol): 

Arterial Wixxl: 97 vol % 

Venoa-* Mowi. arm: 00-83 vol % 

OxvRpn Irn-rion. Woejd: 9^100 mm llg 
pll blood: 7 38-7. 11 

Pbo*5'bata«e, arid, total terum: Bodanaby metbod*. 

0 2-0 8 uiiit/100 ml 

Gutman or Kinc-Armstrcing method. 

1—1 imiia/100 ml 

riio^libal.w. acid, tartrate eendtivc (risliman-Lcmcr). 
<0etmit/100ml 

PhosplialAje, alLiImc. scrum. Bodanylcj metboel: 

1-1 unlli/lOO ml 

K:fig*.\mi«trong method: 8-13 u»ita/100 ml 
Phospholipid.**, senim; 150-230 mg/lOO ml 
Phoiphorua, Inorcame, serum. 1-1 5 mE<|/L; 

3-1 5 mg/100 ml 

rot.a«sium, fcreim: 3 5-S 0 mEq/L, 13.7-20 0 mg/100 ml 
Protein*, total, scrum: 6 3-8 0 Gm/lOO ml 
Proteins, clMlropboretic fractions: 



! Plasma, | 

' Serum, 'J | 

.'krum, '< 


' (Pirrhu*) 1 

(pa|H‘r) 

Albumin * 

532 

58 i 3 1 

45-55 

Globulins: <t| ' 

53 

5*2 j 

.5-8 


s.r 

12 ± 3 

s-n 

5 I 

134 

U t 4 1 

11-17 

ribrinogcn: 

C5 



Globulins: yi\ 

It / ; 

110 

1 a i 5 } 1 

15-25 


ProtViromlnn, plasma ((Jukh. method): 

11-12 wv (cf control) 

Sodium seninr 132-112 mE<|/L; 

303 327 mg/100 ml (ns sodium) 

77l-S)2 mg/100 ml (."w sodium chloride) 
.''iilfuti's, inorpinio, serum" 0 5-1 5 mg/100 ml 
b’ri-a nitrogen, aliole blood: 10-20 rng/lOO ml 
frie acid, rerum, rnrymalic method <l*raelonas) 
(me.an ± 1 SI)). 

Males" 5 0 ± 1.2 mg/100 ml 
hcmnlos 3 8 ± 0‘l rag/100 ml 
I'ne Bcid. wrtim (TallKit). 2 5-5 0 mg/lOOmI 
Vil-amin A, n rum. 50-100 pg/100 ml 


rUNCTION' TESTS 
Etrcf 

nroti'-uljilialcin (3 ing/kg Ixxiv x\ eight, IV): 

5‘'f or h“*a rtti iition at end of do rnin 
(Vphalin-eholotirol n<ieruhlioM. Oor + at IS hr 
Calaricwe (olrrare*-, after iiigi-rtion of 4C1 Gm: 

Exert lioti of r>nl more linn 3 tlw m urine in S hr 


IlipjRiric acid: After ingestion of 6 Gm rodium benroafe. 
Excretion of 3-3 5 Gm hippuric acid in urine in 
4 hr 

After injection of 1.77 Cm sodium benzoate, IV: 
Excretion of 0.70 Gm hippuric acid in urine io 
1 hr 

Prothrombin lest: Increase of 15% or more in protlirom- 
bin concentration in blood in 2i hr after injection 
of aynthetw vitamso K 

Serum glijl.xmic ox.al.icetic transaminase (SCOT) 

(mean ± 1 SI)): 22 ± 7 units/ml/mm 
Scrum glutamic pyruvic Iran’s.'tmmasc (mean ± 1 SD): 

16 + 9 unitx/ml/miu 
Thymol turbidity: 0— I units 
Uroi>iliaogen: 

Urine: Scmifiunntitatlve (2 hr): 0 5-15 units 
QuantiUitix'e: 1-3.5 mg/21 hr 
Stool" Scmiquantitativo (per 100 Gm): <350 units 
QumliUtive. 40-2S0 mg/2| hr 
Zinc sulfate lurbuhty. <4 umU 
CiVcMfflffon 

Cardiac output (Tick). 2 2-4 0 L/sq tn/min 
Qrcuhtion time; Am to Jong, ether: 4-8 sec 
Am to tongue, calcium ghicormte: 12-18 sec 
Deebobn: ID-JC see 
S.iecbaria: D-IC sec 

Pre>aurc< intraeardiac and intraarterial: 

Aorta: Systole; 120 mm Ilg 
Diastole: 80 mm Ilg 
Atnuro: Left (me.'in): 5 mm llg 
Right (mean): 2 mm llg 
Pulmonary artery: Systole: 23 mm Eg 
Diastole: 10 mm llg 
Wedge (mean): 0 mm llg 
VcntfieJo, left: Sj"stoIe J20 inm Ug 
Diastole. 5 mm Ilg 
Ventricle, right: Systole. 25 mm Ilg 
Diastole: 0 mm Hg 
Venous (antccubital): 70-140 mm lIjO 

Casfrotnfcsfi'rutf 
Gaslnc jmee 



Fasting 

Bawl 

M.axiiniim respon’« 
in 10 run folloiving 
ndininv*tTatloi\ of 


Alcohol 

broth : 

I 1 

n”™ 

Volume, 




1 

ml 

Trei* acid, 

10-25 

0-10 

10-25 

15-30 1 10-30 

units 

Total acid, I 

o-:io 

. 10-30 

30-«l 

1 70-1 1(f| 50-100 

units 1 

1 5-10 

15-35 

! 40-M) 

80-120 eo-lio 


Clilorid'-s (iK Cl) (mean and r.ingc) lOt (21-127) 
niEq/I^ 
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Reaction, as pH: 8 

Volume, 2 1 Ur: 2-3 L 
Nocturnal fccrction, COO-700 ml 
Jejunal scjcrelion, lasting: CUlorule: Sfl-HO mEq/L 
nCO,: 2-32 mEq/L 
Total base: llO-ICO mEq/L 
Tubeless gastric analysis with arure A dje: IICI scid 
present if more than 0 0 mg d>c is esercteJ in urine 
over tv 2-hr period, (cautiov : A negative tost is mean- 
ingless and requires performance of the ordinary test 
with a gastric tube.) 

Pulmoftary 


Maximum BrccJjjing Capacity (MBC) (the higher 
values arc for taller individuals) 


Males, ago 20. 
Males, age CO. 
Females, age 20 
remalcs, age CO 


180-200 L/min 
125-150 L/min 
100-125 L/min 
C5-S5 L/min 


Formula: MDC, L/min — 3 30 // (licigbl in cm) — 
1.20 A (age, yr) - 21.4 i 20 (males) 


Measures of effective renal plasma flow and tubular 
function: 

Para-aminohippuric acid (Cpab)- 
Males: Co4 + 1G3 itil/mln 
Females: 591 ± 102 ml/min 
T^ibular ma’clmum for PAll, males and females; 
77.2 mg/min 

Diodrast: GOO-800 ml/min; 

120~20% excretion in 15 min 
Concentration and dilution test: 

Specific gravity of urine: After 12 hr fluid restriction: 
I 023 or more 

After 12 hr water intake: 1 003 or less 
PlienolsulfoDpbth.alein: After intramuscular injection: 
Excretion in urine in 15 min: 25% or more 
Excretion in urine in 2 hr: 55-75% 

After intravenous injection: 

Excretion m urine in 2 hr; 55-75% 

Specific gravity, maximal: 1 022-1.028 
Tubular reabsorption, phosphorus: 

79-01% of filtered load 

Mcfoholic 


Vila] Capaciiy (\'C) (the higher values arc for 
taller subjects) 


Moles, age 20 4 3-5.8 L 

Males, age CO 3 8-1 0 L 

Females, ago 20 3.0-3 5 L 

Females, age CO 2.5-3 0 L 


Formula: VC, L - 0 133 // - 0 22 A - 3C0 ± OC 
(males) 

Timed Vital Capacity 

1 sec: 72 ± 6% of total vital capacity 
3 sec: 95 ± 5% of total vital capacity 


Total Capacity (TC) (supine), in ml 

VC VC 

■IJX 100 at 10-34 yr; ^ X 100 at 35^9 yr 

inn . en cn VC ^ 100 at GO yt and 


Uesidual Volume (RV')> in ml 
liV 

•f^XlOO •>‘20 ^ 4% at 10^4 yr 
23 ± 4% at 33^0 yr 
39 ± 5% over CO yr 


Dasal metabolic rate: - 10% to +10% of mean standard 
Creatine tolerance: "0% ingested creatine retained in 
adults 

Glucose tolerance, 100 Gm glucose or 1 75 Cm glucose/kg 
body weight, p o : Blood sugar not more than 180 
rog/IOO ml after H hr: return to normal in 2 hr, 
sugar not present id any urine specimen 
Radioactive iodine (I*") Uptake 29^0% of admin- 
btered dose 

E-xcretioo: 30-70% of administered dose in 24 hr fol- 
lowiog tracer dose, provided renal function is 
normal 

Protcio-bound, serum or plasma' <03% of adminis- 
tered dose per liter of plasma at 72 hr follmving 
tracer dose 

Conversion ratio; <35% at 24 hr 
Water test (Soffer): 80% excretion of a 1,500 ml water 
load in 4 hr 


HEMATOLOGIC EXAMINATIONS 
(See also Chemical Constituents of Blood) 
Bone Marrow (see Table 23-3, p. 213) 
Erythrocytes (see table below) 


Dead Space 

150-200 cc during tidal breatliing (roughly cquol to 
the body weight in pounds) 

Kidney 

Clearances (corrected to 1.73 sq m boiiy surface BT»)t 
Measures of glomerular filtration rate: 

Inulin clearance (Ci): Males: 124 ± 25 8ml/i»in 
Females: 119 ± 12.8 ml/min 
Endogenous crcatiriine: 91-130 ml/rain 
Urea: CQ-100 ml/mia 


Fragility, osmotic: Slight hemolysis: 0 45-0.39% 
Complete hemolysis: 0 33-0 30% 

IlerRochromogens in plasma: 3-5 mg/lOO ml 
“Life span"; Normal survival: 120 dal's 
Chromium, balf-bfe (T : 28 daj-s 
Plasma Iron turnover rote: 38 rag/24 hr (0.47 mg/kg) 
Protopoqjhyrin, free erythrocyte (E.P.); 

20-38 pg/lOO ml RBCs 
Reticulocj'tes: 0.5-2 0% of red cells 
Sedimentation rale: Westergren: <15 mm/1 hr 
'Wintrobe; Male: 0-9 mm/1 hr 
Female: 0-20 mm/l hr 
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.soRMM, TAirrs AT VAinors aoes 



ItPi! cell 

niiltions/cu 

mm 

Itemoglobm, 
Clm/100 ml 



Corpuscular values 


Age 

1 UBC. 

ml/lOO ml 

1 

MCV, I 

CU|i 1 

MCII, 

yy 

Mcnc, 

% ' 

Mcn, 


51 ±10* 

195 ± 50* 

SIO ± 10 0* 

106 1 

33 

30 j 

80 

2-3 da\» 

51 

1110 

53 5 

105 ' 

37 

35 ' 


4-8d.a\s 

5 t 

183 ± 10 

52 5 

103 i 

36 

35 


o-n diys 

1 50 

1 1C 5 

400 

518 

33 

34 


ItrJldsvs.. 

1 47 ±09 

1 140+33 

420 ± 70 

00 

30 

31 

SI 

3 5 mo 

1 45 ±07 

1 122 ±23 

36 0 

SO 

27 

34 

7.7 

0-11 mo 


11.8 

355 ± 50 

77 

26 1 

33 

7.4 

1 vr 

! 4.5 

11.2 

350 

78 

25 

32 

7.3 


1 *10 

115 

355 

77 

25 

32 


3>t 

4.5 

125 

360 

SO 

27 

35 

7.4 


4 0 ± O.G 

126 

370 

so 

27 

31 



4G 

126 

37.0 

so 

27 

.14 


0-10 yr 

4? 

12.0 

37 5 

so 

27 

1 

7.4 

U-I5yr .. 1 

48 

13.4 

390 

82 

28 

' 31 


Aduh*' ' 

IVmaW . . 

4 8 ± 0 Q 

no ±20 

420 ±50 ' 

87 ±5 

29 ± 2 

1 34 ±2 

7.5 ±0.1 

M.-ilea 

51 ±08 

100 ± 20 , 

470 ± 70 

87 ± 5 

2') ± 2 1 

1 34 ± 2 

7.5 ± 03 


MCV «• mfin rorptu«ruI.ir volume MCll ■ menn conrasntisr licmogtobin MCHC ■ raeon corpiiwulAT homo* 
gtoliin conci'nlration MCI) ■ mcaa corpu-^ubr diameter (Il’in/rol*' "CUmetil Umaiotogy," 5ti ed., Philadtlphin, 
i rn it Ftbtfffr, 1901 > 

• TliP rAtiRC of volues roprescnls almait tlic extremes of observed varialjons (93 per cent or more) at mo lewL 
Tlie blootl v’alueo of healthy persons ebould fall aetl mthia these figures, 


Lcul>octjlc$ 


horuiti. VAtre^ 



Per 

Aver- 

age 

.Mini- 

mum 

' Xfaxi- 

Total mimlx'r, jier 
eu mm 


7,000 

5.000 

10,000 

Neutrophils* 

Juvenile 

3-5 

300 

150 

400 

,s< pmentfd. 

5i-G2 

4,000 

3,000 

5,800 

Eo-inophili) 

1-3 

200 

60 

250 

lK>ophi!« 

IM).7S 

25 

15 

50 

l,\ mphoey tea 

2V33 , 

2,100 

1,500 

3.000 

Mnnoejtw 

3-7 

375 

285 

500 


riaieleli and Coagtdalhn 

pft eu «\m, dirwl counting method*. 

ioo.ttxv-sofl.aio 

iJiK-rlinR time (hy tneihcxl), majority ami range: 

1-5 mm. t>-11 iron 

(lot retraction time: nt-ciiis in 3(1 m'm, complete In 
less thin 21 hr, iiriwlly <0 hr 
Coapilalioii lime {Lee-lVh'iii- method), 
majority and range* 6-15 inin, 2-10 tain 


Schilling Te$i 

Excretion m urine of ornlly administered, mdio'icllve 
vitamin Bjj following "flusluDg" parenteral injec* 
won of B„*. 7-22% 

SEROUS FLUIDS (pleural, 
pcricardini, peritoneal) 
p!I: C SO-7.CO 

Specific gravity: 1.010-1.020 
IVoteio: 

Total* 0.30-4.10 Gm/lOO ml 
Albumin* 60 5-09 8% 

Glolnilin: 29.6-15 S7o 
I'lbrinoecn: 0 3-4 S% 

STOOL 

Rulk: Wet vreight: <107 5 Om/day (mean 115 ± H) 
Dry weight: <0(5 4 Cni/day (mean 31 + 10) 

Fat, on diet containing at least 60 Um fat: <72 Gm/iUj 
when measured on a 0-day (or longer) collection 
{we*m4 0 ± l.fi) 

Aa pcrcentace oi do’ weight: 

<304 (mem 133 ±807) 

Cw'Ricient of f it ulisorption: >93% 

Fatty acid; Free: 1-10% of dry matter 
Combined as soap: 0 5-12% of dry matter 
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Nitrogen: <2.2 Gm/d-ny (mean 1.8 ±02) 
Protein content: Minimal 
Water: Approximately C5^c 
Urobilinogen: -10-280 mg/2-1 lir 
Coproporpbyrin: -lOO-l.OOO aR/24 hr 


URINE 

Acidity, titratabic: 12S-150 niEq/21 hr 
Q-Amino nitrogen: 0 4-1 0 Gm/24 hr 
Ammoni.a: 30-50 mEq/24 hr 
Amjl-ase (Somogj'i): 200-050 mg gluco«e/2-l hr 
Calcium, 10 mEq or 200 mg calcium diet. 

<7.5 mEq/24 hr or <0 15 Gm/21 hr 
Copper: 0-25 ag/21 hr 

Coproporplivrins (tyi>cs I and III). 100-300 hr 


Creatine, as creatinine: Adult males: <50 mg/24 hr 
Adult females: <100 mg/24 hr 
Creatinine: 1,0-l.G Gm/24 lir 

o-Xylose excretion: 5-8 Gm/5 far after oral dose of 25 Gm 
Estrogens (Jailer method): Male: 5-20 ng/2i hr 
Female (nonpregnanl): 

15-100 i‘z/2i hr depending on time of menstrual cy- 
cle 

Glucose, true (oxidase method): 50-300 mg/24 hr 
Ivetonea, total (mean ± 1 SD): 60.5 ± 30 7 mg/24 hr 
17-Kctosleroids (IIollorf-Kocb method): 

Male: 8-20 ing/24 hr 
Female: 6-15 ing/2} hr 

ll-Oxysieroids or corticoids fPorter-Siiber method): 

2 2-80 mg/^4 hr 
Protein: <50 mg/21 hr 
UroUilinoecn: 1-3.5 mg/24 hr 
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Abdominal distention, 124, 159 
acute, 1622 
in cntctocolitis, 1657 
in gastntis, 1618 
and aeropbagu, 125 
agangliontc mcgacolon, 1641 
ileus, 1635 
and indigestion, 124 
intestinal obstruction, 1634 
intussusception, 1657 
irritable colon ^drome, 1643 
in pancreatitis, 1662 
m Kgional enteritis, 1628 
in ulcerative colitis, 164S 
Abdominal emergencies, acute, 136 
and induration, 124 
duodenal ulcer perforation, 16Q4 
Abdominal muscles in defecation, 1 3( 
Abdominal pain, 39-^3, 125 
in Addison’s disease, 613 
alterations in breathing and, 40 
bile ducts and, 41 
tausalm and, 43 
eentral nervous system, 42 
classification of, 40 
eyitieductand, 41 
differentiation of, 39 
m familial Mediterranean fever, 
food poisoning and, 41 
gallbladder and, 4l 
hollow organs and, 41 
intestine and, 41 
inttaetaWc.43 
in ieiunal oivcrticub. 1624 
lancinating, 153 

b liver disease, 152, 153, 1675, 
1693 

lobar pneumonia and, 40 
m mesenteric lymphadenitis, 1633 
mesentery and, 42 
tneUbolie, 42 

in motor function disorders, 1579, 
1715, 1716 

muscle spasm and, 41, 42 
myocardial bfarction and, 41 
myositis and, 42 
neurogenic, 43 
pancreatic duets and, 41 
parenchymatous, 40 
and perforation, 1605, 1710 
pencarditis and^ 36. 41 
and peritoneal inflammation, 1637 
peiitonitis and, 41 
(See also Peritonitis) 
in polyarteritis, 1891 
porphyria and, 41, 43 
psychogenic, 43 
in pylephlebitis, 1705 
referred, 40 

tettopeiiloneal tissoes and, 42 
sensory changes and, 43 
sickle cell anemia and, 42 
spider bite and, 43 
surgical incisions and, 41 
tenderness and, 41 
time intensity curve and, 42 
treatment of, 43 
ureter and, 41 

Abdominal spasm (see Spasm) 
Abiotrophy, 44Q 
definition, 427 
Abortion, in brucellosis, 960 
and clostridial infection, 996 
10 syphilis, 1076 
in Vibrio fetus infection, 972 
Absces5{es). 1026-1035 

1,197, 1198, 1698 
anaerobic streptococcal, 923 
of anterior dosed space, 1030 


Bezold, 1032 

brain, 589. 955, 1047-1049, 1064 
Drodie’s, 897 

in chtonic ulcenbve colita, 1647. 1650, 
1652 

eoliform bactenal, 932 

colbr-button, 1030 

and colonic turnon, 1656 

cutaneous, in chromoblastomycosis, 1066 

ertradunl. 1046 

iliac, 1033 

intnmedullanr spinal. 1049 
and klebsiella infectMiis, 933 
livcf, 152. 1197. 1684.1693-1699, 1702. 
1703 

. 142 lumbar. 1033 

lung, 1047. 1065. 1699 
from forcim body, 1552 
myocardial, 1044 
nocacdial, l064 
pancreas. 1663, 1698 
perunai, 1650, 1652 
perinephric, 1034 
penreclal, 1652. 1658 
peritonsiibr, 908, 1031 

pleural (se ” * 

pyogenic, 
rectal. 1034 
in legtonal enteritis, 1627 
renal, 1033 
retrobulbar, 1512 
retropenloneal, 1033 
retropharyngeal, 1032 
1686, ulmonella, 948 

spinal epidural, 1049 
splenic, 1032, 1198 
subdural, 1(H6 
subphrenic. 1032-1033, 1699 
subungual. 1030 
1625, supralevalor. 1034 

treatment, 1028-1029 
Absinthe poisoning, 821 
Absorption studies in sprue, 558-559 
Abstinence syndrome, m alcoholism, 799 
in opute addictiOo, 805 
Acantbolysis in pemphigus, 1929 
Acanthosis, of larynx, 1513 
in pellagra, 542 
Acanthosis nigneans, 789 
and cancer, 446 
and esopbagos, 1588 
juvenile, familial mcideoce, 72 
Acceleration, body, problems, 848 
Accelerator globulin (AcC),2]9 
Accelerm, 219 
Accessory nerve, 297-298 
AccIimatizalMa, 833 
cold, 837 

increased barometric pressure, 844 
AceUnilid, as cause of metbemoglobincmia, 
1311 

as cause of cnlfliemoelobmemu, 1313 
poisoning, 818 

reactions associated with. 1272 
Aectazolcamide. m beait failure 1390 
for pancreatitis, 1663 
Acetoacetate metabolism, 480 
Acetonucia. 775 

Acetuphenetidin poisooing. 818 
Acetyl eoeozyme A, metabotisra, 481, 484 
metabotism of pyrunc acid to, 478- 
479 

Acetylcholine in depolarization, 248 
in epilepsy, 335 
Ki myasthenia eravis, 249 
in neuromnscniai tiansroiKian, 237, 248, 


Achalasia, 132, 1 587-1 538 
(See a/so Cardiospasm) 

Achlothydtia, 755 
absolute, 1591, 1619 
and adrenal insufficiency, 1593 
in chronic gastritis, 1619 
m gastric benign tumors, 1621 
in gastric cancer, 1591, 1615, 1619, 1620 
in gastric ulcer, 1610 
in gastritis, 1618, 1619 
Acholuric jaundice, 151 
(See also Hemolytic jaundice) 
Acnondioplastie dwarfism (see Divarfism) 
Achrestic anemia, 12S6 
Achromycin (tetracycline), 874 
Acid(s), poisoning by, 81$ 

Acid base equilibnum, 462-475 
clinical considerations, 467-474 
in hypothermia, 836 
physiologic considerations, 462-467 
regulation of, by ion exchange, 464-465 
renal. 465-467 
respiratory, 465 

Acid hemolysin test of erythrocytes, J293 
Acid ^lihospliatase, senim, normal values. 

Aridity, gastric (tee Stomach, secretion, 
acidity) 

Acidosis, and alkalosis, 464 
chronic, in nckets or osteomalacia. 713 
diabetic (see Diabetic acidosis) 
in formaldehyde poisoning. 824 
byperpbosphatemia and, )75 
and intestinal obstruction, 1634 
metabolic, 469-471 
in methyl alcohol poisoning, 825 
nausea and vomiting, 136,137 
in phenol poisoning, 828 
renal, 175 

renal failure and, 1476 
respiratory (see Kespiratory acidosis) 
sulfate excretion ana, 175 
Acne. 75-76, 1930-19J2 
infiuence of age, 72 
scarring, 1931 
seasonal incidence of, 73 
tropical, 76 
Acne rosacea, 76 
Aconite poisoning, 618 
Acoustic nerve. 293-294 
Acoustic neuroma, 1823 
Acromegaly, 568-569 
chnica) findings. 568 
dental signs, 1581 
diagnosis, 568 
osteoporosis m, 707 
treatment, 569 
Acroparesthesias, 327 
ACTII (see Adrenocortieotropfn) 
AcHuobaciilus mallei, 969 
Actinomyces bovis, 1052 
Actinomyces israe/i, 1052 
Actinomycosis. 1052-1053 
oral drainage, 1582 
of Stomacli, 1622 
treatment, 1053 
Actinoporphyrm, 758 
Action tremor, 245 

Acute abdomen (see Abdominal emergen 

Acute pulmonary edema (see Pulmonary 
edema) 

Acute renal failure (see Renal failure) 

Acute respiratory emergency, 1 576 
Acute tubular necrosis, 1193-1498 
acute cortical necrosis and, 1198 
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Aciife fubulir necTOiij. anhyfhmuis and, 
H9» 

clmial feiturcf. 1493. H9^ 
di/Iacnfut dusnmis, M9> 
dmretic pluw, H*??. H97 
r'cctrolyte ehanset, H9> 
ctiolotr, H9J 

heart fjiIuTeand. H9-}, H97 
honoliiij and, HOI 
hrpCTleniion and. H94 
iiiicctmn and. 1494 


mjTJSlobin and, 1494 
tiemulots TOitidOititvanv H95 
pjtltnccncjii, 1491 
ratboliTry. 1491 
patliOl'hyiirj'oCT, 1495 
rcncardiiis and. M94 
jMwnnj and, 1495 

potasnum intoxiation and, 1494, 1497 
pmention, 1499 
proeno^u. 1495 
p>croiicplintn and. 149S 
icnal blond and, 1493 
renal irehemu and, 1495 
tijndrand. 1491 
tuxieagriittand, 1493 
transluaion rcactiom and, 1495 
tieatmait, 1496 
uTcniu and. 178 
urinary todiuin and, 1496 
Anrte undiRmntuted icn’iratory diicaw, 
1117.1118 

Acute jellow atrophy {see U'ct) 
Adami-Slokes atucu (see btola Adams 
attacLO 

Adaptation, metabolie and etuynalic, 4$^ 


Adrrtul cortex, cold jtimuTalion of, 856 
control of function. 612 
dunses of. 609-450 
and i{astiic sccictKm. 1595 
iOT^unction, 617-62$ 

(See sdso Cusbias'a syndrome, Ily- 
penidmterenis n 1 
hypertension and. 1 549 
liypnfunction. 612-417 
ante insuKeiency, 61 5 
adrenal ernis, 61 5416 
chronic, 612 

front metabolic failnre in hormone 
twdncl*on,6\6 

from penphe^ inbiliition of steroid 
action, 617 

(See also Addison's disease] 
neurohvpoph]rseal rclatronships, 577-578 
tXMmal Innction. 610-4)1 
reactions to stress and miuf), 629450 
and sodium ctcnttion, 154 
tests of function, 6l4 

Adrenal cortical insofhacncy, acute, 615 
anemu in, 207. 1 505 
dehydration, 459 

didcfcnliation betneen primary and see- 
ondary, 617 

and duodenal nicer 1594 
in Itvct disease. 15/ 
in myxedema. 586 
10 thyroid eniis, $95 
Adrenal emit, 6|^|6 


486 


Addiction, alcohol (tee Alcoholism) 
baibituratcs, 80* 
opiates, b06 


Adrenal (eminizalton. 625 
Adrenal iicmoithaec. 616 

Adrenal byperpLisu, congenital, plasma 

ACnim, 571 

m Cnshmg's syndrome. 619.620 
sintism and. 625 
Adrenal taituIBciency. 612417 
Adrenal intuffiticncy, plasma ACT]] in. 


-Adrenocortical steroids, in lupus trytliema- 
fosus, IS9), 1S96 
m mumps, 1 185 
in nephrons. 1491 

neurohypophyseal telafionshi'pt, 577-578 
nonspecific use, 6254 50 
in obesity, 196 
oslnipofosis from, 626427 
rn Paget's disease, 719 
for pancreatitis. 1665 
in pemphigus. 1930 
pcrmissiseaction of, 630 
as phamiacolosic agents. 625 
^stua, normal valors. 1945 
in polyarteritis nodosa, 1892 
preparations, 626-628 
psychoses caused by, 571-372, 627 
in Reiter’s svndrome, 1909 
m renal disease, 626 
m fheumatic feser, 918 
in rheumatoid arthritis, 1915 
in rheumatoid spondvlitis, 1915 
m nnssrorm of feet, 1933 
in sclerodetma. 1 898 
synthesis of, 610 
in temporal artentis, 1699 
therapy, 625450 
complications, 626427 
supplementary adjuvants, 628429 
in thrombocytopenic purpura, 1515 
m tuberculosis, 627. 1011 
m typlioid (ever, 944 
for ulceistive colitis, 1651 
unnaty composition altered bv, 475 
Adrenoeorticotropm (ACni). 561 
in Addison’s disease, 6154i4 
in adrenal vinlism, 625 
blood levels, 566 
■n cirrhosis, poshiecrolie, 1691 
control of adrenal function. 612 
Cushing’s sy-ndroine, 570, 620 


Addiion's anemia, I2S0 
Addiion’s disease, 612415 
clinical signs and irnpioms, 156, 157, 
6124 15,1581 


tTStemie lupus erythematosus, 1894 
,fScc afso Adrenal eoitet. hypofunction) 
Adrenal^ ^medulla, and biluty dysUnesia. 

diseases. 650455 
hormones, 651 


course and prognosis, 615 
dugnoiii. 61 5 


difterentui diagnosis, 614 
etiology and psiliogencsif, 614 
incidence. 612 


and iiiyxMema. S 
pigmentation in, /ov 
special therapeutic pmblenis, 61 5 
treatmenl, 614415 


hypCTfcnsion and, 1 548 
tumors, funetiomng. 651454 
phcochromiscyionia, 651454 
nonfunctKminit, 654455 
Adiensl vuilism, 625-615 
(hnscal siras and symptoms, 625 
congenital fonii, 625 
incidence, 625 
postnatal form, 624 
Adrenal ntight factor. 565 
Adrenalecioiny. bilateral, 620 
in CiuI..t.A evn 


Adeiioma(s), baropi 
of btonclmi, 1 561 
chtouKsphobe. 566. 567420 
eosiiioiiiiilif. 565, 569 572 
hHui cell (Lcydig cell), 679480 
in hypcraldoireronniii, 622 
m hyperpirathysoidiim, 604 
niixeJ eeU. 568 

of pafttliyroid in mediaitmum, 1571 
pituitary, >72. 1824 
thyroid, 550, 596 

Adenoma lebaecum in tubetoui sclerosis, 
1755 

Adenosine tripliosphatc f ATD, 49$ 


Cnsliing's syndrome, 570. 571. 619- 
620 


d muscle action potential. 249 
Adenovsrvs I Cl ) . 1116-1117 

and epidemic leratocorua'ietiMtls, U76 
immuniai'ion. 1 121 
types, 11"6 

ADH (recAntidiuietic hor-nonc) 

Adhcsnina and inirvtinal obitroetKm, 1655 
decomptesuon. 1616 
AJIicsne plfoniii. 1565 
* ’ ynpi!, 2S$ 


Adip 


192 


Adipmogmitif dystrophy, 274 


nitniUry tumors foDouius. 571 
AdienocoiSital bormonex. 610412 
aiidingcns and estrogenv 612 
m bone metaboinni, 698499 
glucocorticoids. 610-61 1 
inineralocoitiwids. 611^1) 
AdicnoceiSical )!err>idt. in ame, 1950 
m acute ^omciuloiirphntis, 1 452 
in abnn iraclion, 271 
airhytbmus and. 1597 
in breast deselopment. 680 
for bronchia) nhslrncSMin, 1574 
m brucdlout, 962 
III caidiovaKralar disease, 626 
in cl'clenpox. 116$ 

in cbrooic densabtis and eczema, 1928 

MS diaheSonxKttm, 627 

dosage, 626 

in enteniH. 1650 

for csophagiiir. ) 5S6 

and gasinc ulcer. 626. 1603. 1609, 1614 

Istars Ueth and. 1 597 

in liemoIytK anemia, 1294 

in herpes coster, 1170 

in tepTosy. 1025 

in teuLrau, 1554 


m Cushings sy-ndroni' 
deficiency, 567-568 
m enluitis, 1650 
eicess, 570 

*nd psinc teerction, 1593 
glucocorticoid action on. 611 
hepatitis after, 1676. 1682 
inctastd sceiction, 5W-57!> 
test, 567 - . 

and mclanoeyte-sttraulatiBg hormone, 7S7 
■n nephrosis, 1491 
nonspetifie use, 625450 
an pancrealiiu, 1665. 1666 
m panhypopituitarism, 566, 567 
ana pigmentation. 572 
plasma, increased. 571 
psychosis from. 571 
secretion, regubition of, S/b 
stimulahoii, 624, 629 
stiinulslion test. 617 
for ulcerative colitis, 1651 
Adrenogenital syndrome, 675 
Adynamia, hereditary penodic, 759 
Adynamic Ocus, 1655, 1654 
(Sec a/so Ileus) 

Aedcs argypti, in dengue, 1 183 
in yellow fever, 1184 
Aedes cineret/s and tularemia. 955 
Aerobactcraerogenes, 951-912 
and cheledochohihusis. 1715 
infecrioiu, 931-952 . 

Aerophagu, and abdominal distention, ie> 
m imtable colon syndrome, 1645 
palpitation and. 9U 

Aerosol inhalations for respiratory obstiue 
lion, 1574 

Actosiionn (polymyxin), 876 , 

Afebnlc nonbaclcfial gartrocntcrito tv'rs' 
dysentery). 1154, , 

Affect disorders, 544-345 
Afibnnogcncmrj, 225 
African tick4xime (ner. 1102 
treatment, 1102 
Aeammsjlobuhncmu, 752 
bronchiectasii and, 1549, 1550 
ctmccmtal, 1258 
Agan^ionic megacolon, 1641 
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Agglutinogen A, ^-arictics of. 4J7 
Aging, 440-442 
c«diae reserve and, 1378 
cmplij-sctna and, 1518 
lung cinph)sema and. 1 517 
Agnogcnic mjeloid metaplasia, 1325 
Agnosia, visual, 286, 349 
Agouti as reservoir of Lefsfimania brasilien- 
»s. 1204 

AgTanuiocj-fjc angina, J 332 
Agranulo^tosJs, 1322-1 324 
oral ulceration, 1581 
AnF,219 
Anc.219 

Ait-bome particles, movements of, 1540 
penetration of, 1540 
phagoc>tosis and, 1540 
sue of, 1540 

Air embolism, traomafi'c, 845 
Air Cow, measurements of, 103 
resistance to, 109 

Alt passages, lorcign bodies in, 1553 
Air pollution, 1540 
Air travel, headache and, 24 
for patients, 843 
problems, 847-550 
Aircraft accidents, 849 
Aircrew selection, 843 
Airway obsttutlion, intubation and, 1577 
relief of. 1 577 
steam inhalation and, 1573 
treatment of, 1573 
Airway scaetions, removal of, 1573 
Akinetic mutism, 345 
Abrni reactions, 271, 629 
Alastnm, 1164 

Albamytm (novobiocin), 876 
Alben SeliBnberg disease (sec Osteopetro* 
»s) 

AJbmum, 78, 750 
biochemical defect in, 436 
melanomtes jn, 783 
.ocular, 750 

Albright » disease, 677. 789 
Albfight'l syndrome, 716 
Albumin, bilirubin binding and split, 147 
mtujion^^for blood vomme in cirrhosis, 

salt free human, for diuresis in Lacn* 
necs cirrhosis, 1688 
serum, m biliary obstruction. 1702 
m eanecr, 1615, 1620, 1698 
in cirrhosis, 1687, 1691, 1693, 1694 
m gastritis. 1620 

globulin ratios, 162, 1683, 1687. 1699 
in hepatitis, 1675 
normal values, 1943 

A bumin ratios, globulin (see Globulin) 
Albuminuiia (see Piotcinnna) 

Alcaiigenes faeca/is, 931-932 
Alcohol, alherosclerosis and, 1363 
and bilirubin coniuealion, 147-148 
and digestive tract function, 130 
and gastritis. 1618, 1619 
hemonhage, 144 
and irritable colon, 1644 
isopropyl, poisoning by, 825 
liver effects, 152. 1685-1656, 1695 
methyl, poisoning by, 825 
and pancreatitis, 1661, 1662, 1665. 1666 
pharmacology and metabolism, 795 
psychologic and physiologic effects, 796 
vvood (see methyl, above) 

Aleoliolic epilepsy, 800 
Alcoholic mama, 799 
Alcoholic polyneuropathy, 1843, 1876 
Alcoholism, 795-803 

abstinence oi withdrawal syudiome, 799- 
802 

and acute pancreatitis, 1661, 1662 
and anorexia, 125, 16S6 
ccitbellar degeneration, 802 
and cirrhosis, 1685, 1687 
susceptibilitv, 1686 
classification, 798 
tlmieal manifestations, 797-793 
dchnum. 355, 358 


Alcoholism, dehnum tiemcns, 801-S02 
drug foicranev, 797 
epilepsy, 800 
fatty liver, 1695 
liallucmosis, 799 
hepatic coma. 158 
MarchiafavaBignani disease, 802 
morning nausea, 79i^ 1587 
nutritional diseases, 802 
panacatic pscttdocftts, 1665 
pathologic intoxication, 798 
and pneumonia, 883 
klcbsiclb, 939 
pontine mydosis, 80Z 
treatment, 803 
tremor, 799 

Aldactone in Laenncc’s curhosis, 1688 
Aldmamide, 1704 
Aldosterone, 6113^11 
in antenos pituitary disorders, 568, 570 
edema and, 184, 622-623 
ecCTction. acute glooicnilonenhiitis and, 
MSO 

at high tempentures. 833 
hypertension and, 1349^ 1351 
radioactive, administtation, 621 
secretion. 612 

excess (see Hypcraldostcronism) 
oephiosis and, 1489 
regubtion of, 576 
sodium absorption and, 1389 
Aldosterone soctcling adicful tnmors, 582 
Aldrin poisoning, 823 
Aleppo button, 1202 

(See also Leishmaniasis, cutaneous) 
Aleukemic leukemia. 1 330 
Alevia, congenibl. 378 
Algid malaru. 1201 
Alimentary tract, 1577-1669 
(See abo Castrointestinal tract; speoffe 
conditions and sites) 

AIUli, and blood cataum levels, I59S 
dieUfy, for ulcers. 1593. fS99. 1603, 
li07, 1603. idlO 
and gastroiDicstinal bleedmg, 1610 
poisoning, 818 

Alkaline conosive agents and csephaptis, 
1585 

Alkaline pliosphatase, in amyloidosis, 1696 
in avitaminosis D, 552 
in bone formabon. 694 
in carcinoma, 1697, 1693 
in cholangitis, I7I)> 
in cholecystitis, 1711 
in eirstiosK, biliaiy, 1691, 1693 
Laennee’s, 168/ 
in hepatitis, 1675 
drag induced, 1631 
in )i)T>cTv)t3in>iKis» D, 553 
m uitectious mononudeosis, 1683 
in laundiee, 163-164 
normal values, 1944 
postcholecystectomy, 1717 
in pyogenic abscess. 1699 
line in, 495 
Alkdosis, 464 
m gastric dilatation, 1623 
hypochloremic, m heart failure 1390 
rnduced with sodium bicarbonate 472 
intestinal obstiuctson, 1634 
metabolic, 472-474 
(rom loss ot gastnc secretion, 473 
potassium dclicil. 474 
respiratory, 471—472 
tetany and, 601, 602 
Alkaptonuria, 746-747 
biocbemiciil defed in, 436 
mhentance of, 433 
in ochronosis. 791 
treatment, 747 
All-or none law, 245 
Allele, defimtiOD, 436 
Allergic purpura, 1316-1317 
Allergic rcartioos, biochemical, in disease, 
1258 

to drugs, 1270 

immunologic mechaiusiiis (table), 1259 


Allergic rhinitis, 1259 
Allergic skm disease, 1266-1267 
Allergic state, passive transfer of, 1257 
Allergy. 1257-1259 
and biliary cinhosis, 1691 
to cold, 80 
m diseases of skin. 80 
food (see Food allergy) 
to heat, 80 

(See also Hypersensitivity) 

Allescheria boydii, 1066 
AWodersus sanguineus, vector of rickettsial- 
pox, 1101 
Alopecra, 85-86 
in discoid lupus, 1934 
m myotome dystrophy, 733 
in pemphigus foliaceus, 1929 
m secondary syphilis, 1071 
in thallium poisoning, 815 
Alopecia areata, 66 

Alpha ammo nitrogen, normal values, 

1947 

Alpha-lipoic acid, 479 
Alpha rays, radution infury, 850 
Altitude, high, 845-^47 

erythrocytosis from, 1308 
hypoxia and, 636 

Aluminum inhalation m silicosis, 1546 
Alveofai-capillaryWock, 110 

acute pulmonary edema and, 1529 
asbestosis and, 1 547 
granulomatoses and, 1527 
Aheolar<apillary block OTsdrome, causes of, 
J 526 

Alveolar cell carcinoma, 1561 
Alveolar hyperventilation, measurement of, 
110 

Alveolar hypoventilation, 110 
anesthesia and, 1522 
aitenal CO, tension and, 1 521 
6nig% and, 1522 
kyphoscoliosis and, 1524 
Pickwickian svndrome and. 1525 
poliomyelitis and. 1522 
produced by oxygen therapy, 1523 
restrictive disease and, 1521 
Alveolar microlithiasis of luog, 1533 
Alveolar ptotemosis, 1530 
alveolar block and, 1526 
Alveolar ventilation, carbon dioxide ten- 
sion and, 110 
disturbances of, 109 
mechanics of, lOS 
oxygen tension and, 110 
Alveoloaitcnal gradient, UO 
AUheimer’s disease, 16>5 
Amamta museana. 826 
Amanita phaf/oides, 826, 827, 1630, 1690, 
1704 

Amaurosis, 286 

(Sec also Bhndness) 

Amaurotic familial idiocy, 775, 780-782, 
1859-1861 

adult form (Kufs, Halletvordco), 781 
clinical features, 782 
differential diagnosis. 782 
etiology. 781 

luverulc form (Spielmeyer-Vogt), 781 
late infantile form (Bielschowsky), 781 
patfio/ogy, 7S2 
Tay Sachs disease, 781 
Ajublyomma americanum, and Q fever, 
1108 

and tularemia, 963 
AmWyomma fieoraeum, 1102 
Amblyopia, 286 
causes. 417 

nutiilsonal, 1845-1844 
(See a/so Blindness) 

Amebiasis, 1196-1199 
and colitis, 1650 
colon cancer differentiation, 1655 
and diarrhea, 1 40, 1 650 
fever in, 66-A7 
and liver abscess, 1670, 1698 
plcuTopulmonaiy, 1193 
relapse, 1199 
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Acute tubular necrosis, anh>tbmias and, 
H94 

clinical features. M99. 1494 
diflercnlial diagnosis, H9S 
diuretic pliase, I49>. H97 
clectroljte changes. 1495 
rtitjlogy, 1495 

heart failure and, 1494, 1497 
licinolvsis and, 1495 


mfection and, 1494 
multiple mjcloinaand, 1495 
mjoglobin and. 1495 
neurolosic inimfesUtwns. 1495 
pathogenesis. 1495 
patliologs, 1495 
P3thoph}Siology, 1493 
pericarditis and, 1494 
poisons and. 1495 

potassium inloaicalion and, 1494, 1497 
prcscntion, 1493 


pteroneplintu and, 1495 
renal blood flow and. J493 
renal ischemia and, 1495 
slio^ and, 1495 
fosic agents and, 1495 
transfusion reactions and, H95 
treatment, 1496 
uremu and, 178 
unnai 7 sodium and, M96 
Acute undiSecentutea tespicatary disease. 
1117-1113 

Acute )el1ow atrophy (see Um) 
AdamvStokes attaclcs (see StoVes Adams 
attacit) 

Adaptahoo, metabolic and enzymatic, 4S5- 


Adrenal cotta, cold slunnlatioa of, 856 
control of function, 612 
diseases of, 609^50 
and gastne secretion. 1595 
hyperfDOCtion, 617-625 

(See also Coshinz's syndrome. Hr* 
rnaldoUttooisni) 
hypntcmion and 1549 
liypofunction, 612-^17 
acute insnfEciency, 615 
adrenal ains. 615-616 
chronic^ 612 

from metabolic failure in hormone 
prodnetvm, 6(6 

from pcni^ral luhibition of steroid 
actmi. 617 

(See also Addison’s disease) 
neurohvpopbyscal relationships, 577-578 
normal fnnction, 610-612 
leatbons to stress and miuty. 629-650 
and sodium acretion, 1 54 
tests of function, 614 

Adrenal cortical iiuuSaoicr. acute, 615 
anemu m, 207, 1501 
dchydrahoti, 459 

difierentiation fcetnecn pnmary and seo- 
oodaiy, 617 

and duodenal ulcer. 1 594 
in Iner disease, 157 
m myxedema, 536 
III thyroid ensis 595 
Adrenal crisis, 615-616 


Adrenocartfcil steroids, in lupus eiythcTia- 
losus, 1S95, 1S95 
in mumps, 1 185 
in nephrosis, 1491 

neurohypophyseal relationships, 577-57$ 
nonspcafic use, 625-630 
in obesity, 196 
osteoporosis from, 626-627 
in Paget's disease. 719 
fur pancreatitis, 1665 
in pemphisu*. 1930 
peiinissise action of, 650 
as pharmacologic agents, 625 
plasma, norowl nlucs, 1945 
in polyarteritis nodosa, 1892 
preparations, 626-62S 
psychoses caused by, 371-572, 627 
in Reiter's syndrome, 1909 
m iCTul disease, 626 
m theumalie fever, 913 
m rheumatoid artlmtis, 1915 
m rheumatoid spondylitis, 1915 
in rtnjttonn of feet, 1958 
in sclesoderma, 1898 
lymthcsis of,6l0 
in temporal arteritis, 1899 
tlierapy, 625-650 
complications, 626-627 
supplementary adiuvants. 62S-629 


n thrombocytopenic purpura, 1515 
n tuberculosis, 627, 1011 


456 


Addiction, alcohol (see Alcoholism) 
baibituntei. 807 
opiates, 806 
pam and, 20 
Addis count. 919-920 

AJdisoDian orsu u paohypopituitaruni, 


Adrenal femioiotion, 625 
Adrenal hemonhage, 616 
Adrenal bnxrplasM. congenital, plasma 
Apll 10. 571 

in Cushing's svndrome. 619, 620 
iinlum an^ 625 
Adrenal insuRciency. 612-617 
Adreiul insufficiency, plasma ACTll in. 


567 


Addiron's anemia, 1280 
Addison's disease, 612-615 
clinical signs and symptoms, 156, 157, 
612^15, 1581 
coorse and prognosis. £1 5 
di^osis, 615 
differential dugnonS. 614 
etiology and pathogenesis, 614 
incidence. 612 
Ubontocy bndings, 613 
and myiMcma, »SS^ 
pigmentation 


. . systemie lupus erythemalous, 1894 
jSee uso Adienal eorta. hvpofunction) 
AdfCMl meduUa, and biliary dyskinesi. 


(716 
diseases. 650-655 
hormones. 651 
hypertensioa and. 1543 
turnon. fonctioiuDg, 651-634 
pheochromocytoma. 651-654 
flonfunctioning. 654-655 


tieahnenf, .. . 
Adenocarcinoma o! prostate, 670 
Adcnoma(s), basophOic, 572 
of bronchus, 1561 
ehromophobe, 566, 567, 620 


Adrenal iiribsTn, 625^25 
clmKal sipii and nmiptoms, 625 
congeniial form. 623 
incidence. 623 
poitsalal fonts, 624 
Adrenal weight factor. 565 
iVirenalectomT, bilateral, 620 
IQ CoshsD^s syndtome, 570, 57!, 619- 


in typhoid fever, 944 
for ulcerative colitis, 1651 
urinaiy composition altered by, 475 
Adrrnocorticotrepin (ACTH), 565 
m Addison's disease. 61 5-614 
m adrenal vinlism, 625 
blo^ levels. 566 
m cirrhosis, postoeerobe, 1691 
control of aorenal fanction,612 
ID Cushing's syndrnme, 570, 620 
deficiency, 567-568 
u) enientis, 1650 
excess, 570 

and gastnc secretion, 1 595 
alueocotticoid attion on. fill 
hepatitis after, 1678, 16s2 
increased secretion, 569-570 
test. 567 

and melanocyts-stHnaUtiogliotiaone, 7S9 
m oephrosis, M91 
nonspecific use, 625-650 
in pancieatitts. 1665, 1666 


620 


eosinophilic. i63, i69. 571 
hilus ceil il-eydig celi), 679-6S0 
in hyperaluostcronism, 622 


.d ceil, 563 

ol y^ratiiysoid ns mediastiinun. 5571 
pituitary, 572. 1824 
thyroid, 590, 596 

Adenoma sebaceum in tuhnous sclerosis. 

1755 

Adenosine triphosphate (ATP), 49S 
■n glucose activation, 4*6 
and muscle action potenlial. 249 
Adcnovirusfcs). 1116-1117 
and epKlcnnc IcntoconjonetivitM, 1176 
iramunmtion, 1121 
type 8, 1176 

ADli (sec Antidinretie hormone) 

Adhesions and mtestirol obrtnsction, 1633 
decompression, 1656 
Adhwvc pleuntis, 1565 
Adie'i pupil, 23S 
Adipose tissue, 192 
.Adipos og enital dystrophy, 274 


ircnocortical himones, 610-612 
androfciu and estiosens. 612 
m bOBc metabolnin. 698-699 
glucocorticoids, 610-611 
minmlocotticoids. 610-611 
AdrenocortKal stetosds. in acne. 1950 


pigmentslion, 572 

plasma, inaeased. 571 
psychosis from, 571 
secretion, regplabon of, 576 
SUmuliticnv, 624, 629 
sLraolation text, 617 
for ulcerative colitis, 1651, 
Adrenogenital syndrome, 67> 
Adynamia, hereditary poiodii^ 739 
Adynamic ileus, 1 653, 1 654 
(See also Ileus) 


m alarm leadion, . 
arrhythmias and, 1597 
in Iveast devtlo^eut. 6S0 
(or bsonthia] obstsuctioii. 1574 
m hroccllosis, 962 
in cardtovascolar disease, 626 
iss cl ’Clenpox, I16S 

m chronic denoabtis and eaema. 192S 

in diabetes mdlituS. 627 

dosage, 626 

in cncentis, 1650 

for esophagitt^ ISS6 

and gavtnc oka. M6, 1603, 1609, 1614 


heart Iflock and. 1 597 
in hemolytic anema, 1294 
m heqKS zoster. 1170 
in leprosy, 1025 
in Icuhemia, 1334 


...yellow fever, 1--. 

Aedes cineteus and tulasemia, 951 
Aerobacter aerogenes, 951-932 
and choledochohthrasis, 1715 
infections, 931-952 , 

Aerophagia, and abdominal distention, f2> 
m initable colon syndrome, 1645 
palpitation and, 90 

Aerosol mhalations for respiratory obstiuc- 
tion, 1 574 

AeiQSponn (polymyxinl, 876 . , 

Afebrile nonbacte^ gastroeotentis (vinl 
dvscnteiyj, 1154 
Affect disorders, 544-545 
Afibnnogeneoia. 225 
Aincan tidiborae fever, 1)02 
lieaCment, 1102 

Agammactobulinemia. 752 

bronchiectasis and, 1549, 1550 
congenital, 1258 
Aganglionie megaeolon, 164! 
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Agglufinoecn A, 
Aging. 


A. Mrietirt of. 4J7 


cardiac rcsmc and. 1378 
cniplo-scma and. 1518 
lung cinplij-jema and, 1 517 
Agnogcnic metaplasia, 1325 

Agnosia, snsual, 286, 549 
Agouti as Tcsenoir of Z/cishmania brasilicn* 
SIS. 1204 

Agranulocjlic angina, 1322 
Aennuloc) tosis, 1 322-1 3 24 
oral ulceration, 1581 
AJIF, 219 
AUG. 219 

AisMirnt particles, rntncTTitnls ol, 
penetration of, 1 540 
phagocytosis and, 1540 
size of. 1540 

Air embolism, traumatic, 845 
Air flow, measurements of, 103 
resistance to, 109 

Air passages, foreign bodies in, 1553 
Air pollution, 1 540 
Air travel, headache and, 24 
forpatienb, 843 
problems, S47-SS0 
Airwaft aetidenfi, 849 
Airaew selection, 843 
Airway obstruction, intubation and. 1 577 
relief of, 1577 
steam inhalation and, 1573 
tratment of, 1573 
Airway seetetions, removal of, 1 573 
Alinetic mutism, 34S 
Alarm reactions, 271, 629 
AUstnm, 1164 

Albamyetn (novobiocin), S76 

Albers Seh6tib«8 disease (see OsteopetfO- 

SIS) 

Albminn, 75, 750 
btochemical defect In, 436 
mdanontes in, 788 
ocular, 750 

Ajbnght s disease. 67^ 789 
Albright 8 svndrome. 7I6 
Albumin, bilirubin binding and split, 147 
infusion, for blood souime in cirrhosis, 
I6S8 

salt free human, for diuresis in Laen* 
nec*s ciftliosis, 16SS 
SCTum, in biliary obstruction. 1702 
in cancer. 1615, 1620, 1693 
in cirrhosis, 1637, 1691. 1693, 1694 
in gastritis, 1620 

globulin ratios, 162, 1681, 1687, 1699 
in hepatitis, 1675 
nonnal values, 1943 
Albumin ntios, globulm (see Globulin) 
Albuminuria (sec Proteinuria) 

AJca/igenei fae^is, 9h-932 
Alcohol, atherosclerosis and, 1 363 
and bilirubin conjugation, 147-14S 
and digestive tract function, 130 
and gastritis, 1618, 1619 
hemorrhage, 144 
and irritable colon, 1644 
isoprop)!, poisoning by, 825 
liver effects. 152, 1685-1686, 1695 
methyl, poisoning by, 825 
and pancreatitis, 1661, 1662, 1665. 1666 
pharmacology and metabolism, 795 
psychologic and physiologic effects. 796 
«ood (see methyl, above) 

Alcobohc epilepsy, 800 
Alcoholic manta. 799 
Alcoholic polyneuropathy, 1843, 1876 
Alcoholism, 79S-SQ3 
abstinence or withdrawal syndrome, 799- 
802 

and acute pancreatitis, 1661, 1662 
and anorexia, 125, 1686 
cerebellar degeneration, 802 
and cirrhosis, 1685, 1687 
susceptibility. 1686 
cUssiEcation. 798 
clinical manifestations, 797-793 
delirium. 355, 358 


Alcoholism, deluiam tieineos, S01-S02 
drug tolerance. 797 
epilepsy, SOO 
fatty liver. 1695 
liallucinosts, 7519 
hepatic coma. I5S 
Afarchiafava Dignani dtsase. 802 
morning nausea, 797j 1587 
nutntianal diseases. 602 
pancreatic pscudocysH, 1665 
pathologic intoxication, 798 
and pneumonia, SS8 
Llebsiella, 939 
pontine n>}e)osis, 802 
Xica\TnCTi»,8&'i 
Ifcmor, 799 

AIdJctone in Laenncc's cuibosis, 1655 
Aldmamide, 1704 
Aldosterone, 630-6)1 
in anterior pituitary disorders. 563, 570 
edema and, 184.622-623 
excretion^ acute glomeniloncphntis and, 

at high temperatures, S33 
hypertension and, 1 349, 1 3>l 
rauioactisc, administration, 621 
secretion. 612 

excess (scellypcratdoslcronism) 
nepliiosis and. 1439 
tcgulation of, 576 
sodium absorption and, 1339 
Aldosterone secreting adsciul tumors, 562 
Aldrin potsotiing. 523 
Aleppo button, 1202 

(5ce al» Leishmaniasis, cutaneous) 
AleuLemie leutcmu, 1 330 
Alexu, congenital, 375 
Algid mabtu, )20) 

Alimentary tract, 1577-1669 
(See also Castromtcstmal tract; specific 
conditions and sita) 

Alhali, and blood calcium levels. )593 
dietary, for ukers. 1593, 1599, 1603, 
1607, 1603. 1610 
and gastrointcslind bleeding. 1610 
poisoning, 8)8 

Alkalirre corrosive agents and esophagitis, 
1585 

AlLalme phosphatase, in amyloidosis, 1696 
in avitaminosis D, 552 
m bone formation, 694 
m carcinoma. 1697. 1698 
in cholangitis, 170s 
in cholecystitis. 1711 
in cmliosis, bilury, )69), 1693 
Laenncc's, 1687 
in liepatilis, 1675 
drug induced, 165) 
m liroenitaminosis D, 553 
in lofectious mononucleosis, 1633 
in taundice, 163-164 
normal values, 1944 
postcbotecystectomy, 1717 
in pyogenic abscess, 1699 
zinc in. 495 
Alkalosa, 464 

sn gastric dilatation, 1623 
hypochloremic, id heart failure, 1390 
induced with sodium bica(baaate,472 
intestinal obslruction, 1634 
mebbohe, 472-474 
from loss of gastric seeretion, 473 
potassium debcit, 474 
respiratoiy, 471-472 
tetany and, 601, 602 
Alkaptonuria, 746—747 
biochemicd defe^ ill. 436 
inhaitanccof.433 
in ochronosis, 791 
trrotment, 747 
AH-os none law, 243 
Allrie, definstKm, 436 
Allcigic purpusa, 1316-1317 
AJIergic reactions, biochemical, in disease, 
1255 

to drugs, 1270 

immunologic mechaoisnu (table), 1259 


Allergic rhinitis, 1259 
Allergic skin disease, 1266-1267 
Allergic state, passive transfer of, 1257 
Allerm;, 1257-1259 
and biliary cirrhosis, 1691 
to cold, 80 
m diseases of lUn, 80 
food (see Food allergy) 
to heat, 80 

(See also Hypersensitivity) 

Alfeschciia boydii, 1066 
Ailoderrus sanguineus, vector of nckeltsial- 
pot, 1101 
Alopecia, 65-86 

in discoid iupus,')^')^ 
in myotonic dystrophy. 733 
in pemphigus foliaccus. 1929 
in secondary syphilis, 1071 
m thallium poisoning, 815 
Alopecia areata, 86 

Alpha amino nitrogen, normal values, 

1947 

Alpha lipoic acid, 479 
Alpha rays, radiation injury, 850 
Altitude, high, 645-847 

erythroeytosis from, 1303 
hypoxia and, 836 

Aluminum mhalatmn in silicosis, ‘546 
Alveotar-capilUry block, 110 

acute pulmonary edema and, 1529 
asbestosis and, 1547 
granulomatoses and, 1527 
Alveolar-capilLiry block syndrome, causes of. 
1526 

Alveolar cell carcinoma, 1 561 
Alveolar hypeneoblatioo, measufonsent of, 
110 

Alveolar hypoventilation, 110 
anesthesu and, 1522 
artenal CO, tension and, 1521 
drugs and, 1 522 
lypnescoliosis and, 1524 
Pickwickian syndrome and, 1525 
poliomyelitis and, 1 522 
produced by oxygen therapy, 1523 
restnetive disease and. 1521 
Alveolar imcrolitbmis of lung, 153> 

Alveolai proteinosis, 1530 
alveolar block and, 1526 
Alveolar ventilation, carbon dioude ten- 
sion and, 110 
disturbances of, 109 
mechanics of, 103 
oxygen tension and, 110 
Alvcoloartenal gradient, DO 
Alzheimer's disease, 1855 

Aaiamta oiuscaria, 826 

Amanita phallotdes, 826, 827, 16S0, 1690, 
1704 

Amaurosis, 286 

(Sec also Blindness) 

Amaurotic familial idiocy, 778, /su-zaz, 
1859-1861 , ^ 

adult form (Kufs, Hallervorden), 781 
clinical features, 782 
differentizl diagnosis, 782 
etiology, 781 ,, , 

juvenile form (Spielmeyer Vogt), 'o‘ 
late infantile form (Bielschovvsky). '0» 


DOS 
and tularemia. 963 
Amb/yomma heoracum, 1102 
Amblyopia, 286 
causes, 417 

nutritional. 1843-1844 
(See also Blindness) 

Amebiasis, 1196-1199 
and colitis. 1650 

colon cancer differentiation, 1655 
and diarrhea, 140, 1650 
fever tn, 66-67 
and liver abscess, 1670, 1698 
plearopulmonaiy, 1193 
relapse, 1 199 



AncmJafs), megaloblastic, in pregnane>-, 
12S6 

refractoo’. 1286 

in scurvy, S41 

megaloblastic macrocj-tic, 214 
defined. 12S0 

responding to folic acid only, 1281 
responding to vitamin Bu and folic 
acid, 1281 

microcytic, 214, 1687 

(See also hypochromic, above) 
myelophthisic, 207, IJOJ, 1325 
in myxedema, 207, 586, 58S 
neuromuscular system in, 209 
normocytic, 214, 16S7 
nutritional stale in, 209 
oral signs, 1581, 1582 
oxygen dissociation curve in, 208 
palpitation and, 90 
paresthesias in, 209 
pathogenesis, 204—207 
m pellagra, 542 

pernicious. 1280-1286. 1614, 1615, 1619 
achlorhydria in, 1283, 1591 
Addisonian, 1280 
and bile pigment production, 147 
hone marrow in, 1282 
m cancer, 1614, 1615, 1619 
diagnosis, 1591 
histamine anacidity, 131 
oral signs, 1581 
diet in. 1285 
etiology. 1280-1282 
and gastric carcinoma, 446 
and histamine anacidity, 131 
and indigestion, 131 
and laundice, 152 
nevNous system m, 1282, 1283 
onlsims, 1581 
pathology, 1232 
pepsin Inels, 1591 
posteastrectomy, 1617 
Schilling test in, 1284 
symptomatology, 1282 
treatment, 1255 
vitamin in, 490 
zinc levels, 496 

physiologic zdiustments to, schematic 
diagram, 207 

in plumbism, pathogenesis, 206-207 
in portal hjpeitension, 155 
postliemorrhagic. 204, 1277-1280 
acute, 1277-1^8 
chronic, 1278 
ptitnaiy, 1280 

with protein deficiency, 1304 
in pulmonary diHusion, 1526 
pyridoxine-iesponsne, 205, 1280 
refractory, 1325 
megaloblastic, 1286 
with tcnal disease, 1303 
chrome, 206 
renal failure and, 1476 
respiratory system in. 208 
in schistosomiasis, 1227 
in scurvy, 540 
sicVk-ccH. 1297-1301 
abdominal pain and, 42 
air travel in, 849 
angioid streaks and, 419 
duenosis. 1299 
patiiogcnesis, 1299 
patlioToey, 1298 
prognosis, 1299 
renal disease and, 1 506 
ssTuptomatology, 129S 
Ircalment, 1299 
"sidcroblastie," refractory, 1325 
splicrocsfic. 1295 
spleen in, 209 
splenectomy in. 217 
splenic. 13>6 
and hcinorrliage, 144 
in sprue. 539 

study of patient with. 210-214 
5}Tiptomalolocv, 207-209 
tapcflomi, 1232 


Anemia, target-cell. 1301 
thalassemia, 1301-1302 
therapeutic agents (table), 215 
in ulceratne colitis, 1651 
uremia and, 179, 180 
with vitamin deficiency, 205 
vitamins is treatment of, 215, 217 
"Anergy,” in Hodgbn's disease, 667 
in sarcoidosis, 867 

Anesthesia, alveoli hypoventilation and. 
1522 

sensory, deCnitibn, 265 
AncstbeU^ and bepablis. 1704 
local, poisoning by, 825 
Aneurysm, of abdominal aorta, back pam 
and, 51 

of aorta. 1365-1367 
and abdominal palpation, 1634 
ntlic medial necrosis and, 1 366 
dissecting, 1365-1366 
blood ptessoie and, 1366 
diagnosis, 1366 

cystic m^ial necrosis and. 1365 
double barrel aorta and, 1 365 
hypertension and, 1365 
manifestations, 1366 
Marfan syndrome and. 1365, 1884, 
1885 

pain and, 1366 

paricreatitis differentiation, 1663, 
1664 

lescmbliog myocaidial infarction, 
1454 

surgical treatment. 1 366 
and dysphagia. 133 
hfarfan's syndrome and, 1 363 
of aortic sinus, 1368 
aiterioselerotic, 1567 
ceiebtal, mycotic, 1789 
saccular, 1783-1787 
differential diagnosis, 1793-1794 
in fnediasltnum. 1566 
smos of Valsalva and, 1368 
syphilitic, 1366 

ventricular, and myocardial infarction, 
1454 

Angiitis, 1481 

allergic (see Polyarteritis nodosa) 
cenu disease and, 1501 
syphilitic, 1074 
(See also Vasculitb) 

Angina, agranulocytic, 1322 
Ludwigs, 1032 
preinfaictional, 1449-1452 
(See also Coronary msuSciency) 

Angina pectoris, 31, 1443-1451 
air travel for patients, 843 
anemia an^ 1444 
aorUc insuffictcncy and. 35. 1435 
aortic stenosis and. 1434 
arising in right ventricle, 34 
and cardiac insufficiency, 1654 
cholesterol in, 1449 
clinical picture. 1444 
cor pulmonale and. 1 539 
coronary dilators and, 1449 
dugnosis, 1445 
diuretics and. 1449 
drugs and. 1449 

electrocardiogram and, 1445, 1446 
donng attack, 1446 
crerose, 1443 
pitfalls in diagnosis. 1446 
emotional stress and, 1443 
ergot and, 29 

exercise in. beneficial effects, 1444. H4S 
hannfol effects. 1444, 1443 
hypertension and. 1444 
■ “ ■ ’ ■ ’ in, 593 


intractable. 1451 


« inhibilora and, 1450 


without myocaidiri ischetnu. 1414 
in myxedema, 533 
niiroglyccnnand. 37,1447 
oitemtenosis and. 35 
physical findings and. 1445 
prreordul bulge and, 1445 
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Angina pectoris, prccordisl movements and, 

premature beats and. 1449 
prognosis and, 1447 
pseudoxanthoma dasticum and 18 SS 
quinidme and, 1449 
ladioiodine and, 1451 
skeletal pain and, 1445 
sutmcal treatment, 1451 
syphilis and, 35 
tachycardia and, H44 
thyrotoxicosis and, 1444 
tobacco and, 1449 
treatment, 1447 

Angina pectoris vasomotoria, 391 
Anginal attacks, eating and, 1444 
postural hypotension and, 1445 
precordial movements and. 1406 
recumhency and, 1444 
at rest, 1445 
deep and, 1444 

Anginal pain, bradycardia and, 34 
coexistence with chest wall pam, 38 
cleefrocardiogram and, 35 
heart block and, 34 
hypertension and. 34 
kinetocardiogram and, 35 
myocardial hypoxia and, 35 
paroxysmal tachycardia and, 34 
precordial movements and, 35 
sleep and. 34 
sudden dtolb and, 36 
systolic bulge and, 36 
Angiocardiopaphy, congenital heart dis 
ease and, 1418 
Angioedema, 1266, 1267 
Angiofibroma, lui'cnilc. 1512 
of nasal pharynx, 1512 
Angiography in brain abscess, 1048 
Angionemophilia, 1317 
Angioid streaks. Groenblad Strandberd syn 
drome and, 419 
Paget's disease and, 419 
in pseudoanthoma elasticum, 1887 
in retina, causes of. 419 
sickle-cell disease and, 419 
Angiokeratoma corporis diffusum Fabry, 

1 320 

Angioma of vkin, 1932 
Angiomatosis, encephalotrigcnimal, familial 
occiinence. 72 
Angioneurotic edema, 182 
and dysphagia, 134 
Ai\potensia. h.vpertension and. 1 345 
Angular stomatitis (see Siomalitis) 

Anfiidrosis. 84-85 
■n leprosy, 1021 
neurologic basis, 273-274 
Anliidrolic cctodcmial dysplavu, 275. l"43 
Aniline poisoning. 819 

fliethemoglobineniia m, 1311 
Animal poisons associated vvith licmolvlic 
anemia, 1289 

Ankylosing spondylitis, 1915 

(See also Kheuniatoid spondvlitu) 

.Anaylosis, 765 

Anomalous atnovenlncular cxcifafi m ] 40’ 
Anomalous origin of coronary artcficv. N2S 
Anomalous pulmorury arterio, brfirKlin.ii i 
sis and, 1 550 

Anomalous pulmonary venous dtima-c 
1426 

xray and, 1419 

Anopheles mosfluito in mabru. 1 199 
Anorectal disorders, 165S 
proefosigmoidoscopy, 1640 
straining at stool. 142 
*nd vuliintiry defecation supptesvron. 

1645 

(See alio Anus; Jtectum) 

Anorexia, in alcoholism. 125, I6S6 
in appendicitis, 1636 
and cancer, colon, 125, 1654 
panaeav. 125, 1667 
stomacli, 125, 1620 
in cholangitis, 1702 
in cliolcdochohthiaiis. 1713 
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Anorexia, in colitix, 16-18, 1651 
digitalis and. 1 5S7 
m Dubin Jolin-ion srndrome, 1700 
ID g-astntis, 1618 
in hepatitis, 1680 
siral, 1673 

m Laennci^s cinhosis, 1686 
in metabolic disorders, 136 
and nausea, 135 
parenteral feeding. 1678 
poslgaslrecloiny.l&l? 
in postliepalie syndrome, 1677 
ana pyogenic abscess, 1603 
in regional enteritis, 1673, 1630 
rcni! failure and, H76 
and satiety, 125 

after subtotal gastric resection. 1606 
tumors of small intestine and, 1633 
uremia and, ISO 
and \omitmg. 135 
Anorexia nervosa, 137, 200-201 
and duodenal molor disoidtt, 1625 
panhypopituitarism confused nith. ’^5- 
567 

Anosmia m head iniurj, 1796 
Anosojnosia, 343 
Anoui (sceiljTOXu) 

Ant bite. 1242 

Antacids, for eholceyrtilis, 1713 
for gastric leaetion acidify, 1689 
in rastrie ulcer, 1612 
m peptic ulcer. 1597. 1593 
Anfliew. 973-975 
blood cultures, 974 
prophylaxis, 974 
serologic reaetions, 974 
tieatmcnl, 974-975 
Antibiotics, 868-887 
m acute gastritis, 1618 
in scute glomerulonephntis, 921 
tn appendicitis, 1638 
bacterial resutanee to, 871-872 
in biliary obstruction. 1703, 1703 
and blood ammonia imcli. 153 
and cholangitis, 1702, 1703, 1714 
in eholen, 952 

in eoliform bacterial infection, 932 
combinations of, 8$l-S32 
in diverticulitu, 1646 
in duodenal ulcer, 1605 
and enterocolitis, 1657, 1658 
in esophagitis. 1 536 
moniliil, 1585 

and fecal urobilinogen exaction, I4S 
m fetor hcpalicus, (57 
TO taWAofie TO-svi-agCTixxvX. Y1\A 
in hepatitis, 157, 1678, 1704 
misuses of, 885 
m prophylaxis, 882-883 
ana pruritus am, 1658 
m pseudomonas uifcction, 934,935 
rn pyogenic abscesi. 1693, 1699 
in pylephlebitis, 1705 
m regional enteritis, 1630 
resistance of staphylococci to, 896 
in sUcumatic fever. 921 
scnsiliMtv tests for, 871 
after subtotal gastrectomy, 1606 
topical, SSI 
toxicity, 883-885 
in ulcerative colitis, 1651 
Antibodies, blocking, 12SS 
“cold and "warm,” 1290 
demonstration of, in infectious di5«sc, 
866 

fluorescent, 864 
following radution, 852 
Aniichtdmagic drugs, in biliiry dyskuv^iaj 

in cardiospasm, 1587 
contraindication in gastric obstrucl'Of, 
1603 

in Initablc colon, 1644 
m panacatitis, 1666 
postgaslrcctomy dianhea, 1618 
and ulcas, 1597, 1613 
peptic, 1598-1599 


Anticbolincstcfasc drus in myasthenia, 

249 

AnltcoaguIanU.atlietfiscIetosisflnd, 1364 
atrul 6bnllition and. 1399 
m bscterDidea lafectionx. 933 
III cerchij) thromberas, 1771 
cuculatios, liemonltoSK diithcsts {tarn, 
226 

mitral stenosis and. 1438 
myocardial infarction and, 1455 
Antiroagulition, artcnal disease and. 1373 
preinfaictional angina and. HJl 
Anttconsulsants. in epilepsv, 335. 341-343 
liepalitu mduetion, l70t 
macrocytic anemia with, 1287 
AntidiurctK effect of postenof pituitary 
extracts, 573 

Antidiutctic hoimone (AD(I, vasopressin), 
573. 574 
absence of, 57S 
aciioii. 167, 576-577 
activit), 168 
de/iaenev, 578 
elaboration. 575 

excess, m diabetes iniipidai. 581-582 
ID bemt failure. I3S9 
prcpatalloni, 57$ 
seaetion. -454 
inappfoptate. 453 
regulation, 575-576 
structoic, 574. 575 
and K-ala tclenlion, 1 54 
Antidotes, 818 
BAUbn-812 
CDI'a. $12 

univenal, 816 
Antifrceae poivoning, 824 
ARtigen($).aubome, 1260 
ptoteelive (anthrax). 973 
•publnr," 433 
roaions to, 1257-1274 
for skin testing In infectious diseases, 
867 

Antialobiilm test. 1293 
Aotill.437 

Antiliemophilic factor, 219 
AatihcmopUilic globulin. 219 
AnWiutammes, poisoning by, 819 
reactions associaled watb. 1272 
in tralment of liay fna. 1263 
Afttimetabolitcs. megaloblastic anemia as- 
sociated with. 1287 

Antimony compounds m liealmcnt of 
schi^osomiasis. 1227 
Antimony poisoning. $12, 1704 
NnXvO.AVl 

Antisaum. clostridial, 993 
gas gangrene, 998 
rabies, 11 51 
tetaoos, 5*90 

Aoti^wmodic drugs, in bfliaiy dyskmesis, 

for chronic ctiolecystitis. 1712 
for imtabic coloii, 1644 
■n prolapse of mucosa. 1622 
m ntofsc stenosn. 1623 
in Blccntive colitis, 1651 
Antistieptolysm titer in acute glomerulo- 
nephiitis, 1433 
Antithrombm, 22t 
Anlithioinbwtoin, 221 
ar cause m hctnonhagic diathesis. 226 
Antitoxm, dipblhena, 987 
Anttvenm, 1240 
Anton's syndrome, 349 
Aotreetomy, 1606-1607 
Anlrypol m trypanOsomiaSit. 1206 
Anuns.acnle tnbular necrosis and, 1496 
causes, 1496 
.Anus, earanoids. 1655 
carcinoma. 1616. 1654, 1655 
Assures, 1658 

hrmonboids (see llemonhoidi) 
lesions, and Ue^ng, 1655, 1659 
lympboma, 1655 
melanoitu, 1655 

mucosa, in ulcetaUve practihs. 1648 


Anus, pain, 139, 1639 
pruritus, I65S 

sphmeta, in tncgacolon. 1641 
and straining at stool, 143 
sIncturCJ, in chrome colilis, 1 650 
Anxiety state, 390-397 
civixcs, 393 
classification, 391 
diagnosis, 393 

eleclrocaiiliogram and. 1447 

liypcncntiUtion and, 307 

and irritable colon syndrome, 1644 

mcchanisin, 39 J 

niyoardial Inlarclioii and, 1457 

palpitation and, 91 

and syncope, 307 

ivndromc, 391 

tliynitostcovis and, 591 

treatment, 395 

Aorta, aneurysm (see Aneurysm) 
coarctilion, 1430-1432 
hypertension and, 1351 
reverse, 1367 

dilatation in Mstfan ivndrome, 1SS5 
diseases, I365-I36S 
and ayspliagii, 1 33 
and pain, mcsaitaic insufficiency, 
1626 

and pancrcatilis, 1663, 1664 
(hrombosis. 1 36S 
trauma. 1 368 

Aottic arch anomalies. 1432 
am) dysphagia, 133 

Aotiic arch ryodrome, 1367-1368, 1756 
Aortic alresta. 1432 
Aortic insulficicnry. 1415-1436 
angina pectoru and, 35 
aliul fibrillation and, 1436 
Austin flint murmur and, 1436 
bactcnal endocarditis and, 1436 
eansrt. 1456 

diagnosis, 1435 . 

distinction between rheumahe and syph- 
ilitic. H36 

m llurla syndroine, 1889 
in Marfan syndrome, 1885 
mimicking mitral stenosis, 1436 
miinnun ui, 14)2 

K heral signs, 1436 

minatoid ipondylilii, 1915 
symptoms and natmal history, 143$ 
syncope and. 1435 
sypluhtic, 1436 
treatment, 1436 

Aortic regurgitation (sec Aortic iniulu- 
iiency> 

Aortic sinus, annirvsm of, 1368 
Aortic stenosis, 145-f-1435 
angina pectocu and, 1434 
bacterial endocarditis and, 1435 
congenital, 1434 
diagnosis of, 1434 
hypttkiopUic, 1435 
iscliemic heart disease and, 1444 
meclianisms of symptoms, 1434 
muscular, 1435 
myocardial liv|ioxia and, 34 
prognosis. 1435 
signv 1454 
subaortic, 1434 
hypertrophic, 1435 
syncope and, 1434 
treatment, 1435 

Aortitis, m rheumatoid spondyhlii, 1915 
sypliiUlic, 1366-1367 
unusual forms. 1 368 
Apcristalsis, 1587 

(See also Cardiospasm) 

Apert's syndrome, 1727 

Apeu virus, 1194 

Apex beat, mecliamsm of, 1406 

Apex thrust, in left ventricular ddatatioOf 

m left ventnciilar hypertrophy, H06 
Aphasia, 376-378 
clinical approach, 377 
frontal lobe lesions causing, 346-347 



Aplusia, syndromes, 3^7 
types, J76 
Apiol. toxinty, 170> 

Aplastic anetnu, 132'f-1326 
ApoCTine sweat gtands, 85 
Appendintis. 1636-1638 
acute, 1637, 1638 
and gastroententis, 1633 
pain, 160d, 1637 
\omitins. 1 36 

and acute cholecystitis, 1633 
and acute dnerticulilis, 16^6 
and acute ileitis, 1628 
and acute salpingitis, I63S 
Acrobacter acrogenes in, 931 
age tsetor, 1636, 1637 
mamcbiasis. 1197 
atypical. 1637 
and Bacferoidcs, 937 
chronic, and indigestion, 129 
clinical pictore, 1637 
coliform bactena in, 931 
and colon peifontion, 1638 
complications. 1637, 1633 
diafflosis, 1637 
diilcTential, I63S 
and dnerticuiitis, 1633, 1646 
epidemiology, 1636 
Eschrriebu cob in, 931 
pn^ene, 1637 
and pstroententis, 1633 
and hepatic abscess, 1693. 1699 
infarction, 1637 
and kidney stone, 1633 
and mcstntenc lymphadenitis, 1638 
patliogennis, 1636 
perfontion, 1637 
and perforation of colon, 1633 
and peritoneal imtation, 1633 
and pentonitis, 1637 
and pneumonu, 1633 
in polyartenlis nodosa. 139 1 
and pyelonephritis, 1633 
recumng, Iol7 
retrocecal, 1633 

and ruptured gnaSan follicle, 1633 
streptococcal insolvement. 1637 
symptoms, 1633, 1646 
muenee, 1636 

and tonion of ovarian mt, 1633 
and tubal premancy, 1638 
in tularemia. 964 

Appendix, aigentafSne tumors, 1632 
and coloa mattoUtiaai,, 1638, 1641 
perforation, 1637 
and regional enteritis, 1627 
Appetite depressants, 195-196 
Appetite loss, 125 
in cancer, 1615 
and pstric ulcer, 1610 
(5ce aha Anorexia) 

Apraxia, 232, 243-244 
ideational, 244 
ideomotor, 243 
oculomotor, 2S9 

Aprcsoline, hypertension and, 1359 
Aqueduct of Sylvias, atresia, 1726 
stenosis, 1726 
Anchnidism, 1241 
Araehnodactyly, 1584 
(See also Alarfan syndromel 
Arachnoiditis, adhesive. 1045 
from Amplioteiian B, 1055 
Ajalcn (see Cbloroquinc dipbospbatel 
Arbor viruses. 1154 

ARD (see Acute undiffaentialcd rcspira 
tory disease) 

Areca nut (betel nut), 444 
Aieolas, mclanoWaslic cells, 7SS 
ArgcntafEn cell, 753 
Argentaffin tumors, 1632 
L-.Argmine monohydrochloride for Iicpatic 
coraa, 1690 

Argmosuccinic aciduria, 750 
Argyll Robertson pupil, 287, 1074 
Argyna. 8H 

absorption, pigmentation, 790 


Argyria, distinction from cyanosis, 119 
oral signs, kSSI 
Aribolbvinosis, 537-538 
Amold-Chiari malformation, 1726, 1729- 
1730 

Arrlienobtasloma, 679 
Arrhythmias, 1394-1405 
acute tabular necrosis and, 1494 
in Clugas disease. 1207 
chloroquine and, 1 397 
corticosteroids and, 1397 
digitalis and. 1396 
in diphtheria. 935 
drugs and. 1395 
bamviul efterts, 1395 
ssopropylnoicpnitphiine and, 1396 
levartercnol and, 1395 
mechanism, 1394 

myocardial infarction and, 1395, 1453, 
1456 

in polj^rtentis nodosa, 1E91 
potassium and. 1 397 
quinidine and. 1396 
in rheumatic lever, 915 
sinus, 1 397 

syrnpathomimclic drugs and, 1396 
treatment. 1397 

Arsenic, and licipcsxoster, 1169 
poisoning, 612-813 
and sulonhea, 1531 
tn Ironical eosinophilia, 1556 
Atscmcats, and hepatic lesions, 16S0, 1691, 
1704 

reactions associated with. 1272 
Arsobai m Itypanosomiasis. 1206 
Arterul^discase, anticoagulant therapy and, 

Buerger's exercises and, 1 373 
functional dislutbaRCcs, 1369-1370 
organic obsiruetion, 1370-1371 
prognosis, 1372 

spasm of arteries and arterioles. 1371- 
1372 

sympatliectomyand, 1372 
Arterul function distutbance^ 1369-1370 
Artcrul liypotia, mechanums, ilO 
(See afto llyporu) 

Artcrul instifliciency. acute, 1373 
causes. 1 369 
dugnostic Icsb. 1376 
skin temperaluiesand, 1376 
Uatment. 1 372-1 374 
Arterial spasm, 1371-1372 
and advnamic Qcus. 1613 
reflex. h7l 

Arterial spiden in liver disease, 156 
(Sec aiso Spider nevi) 

Arteries, cold and. 1 372 
obstniclKm, 1371 
organic, 1370 

oxygen at vanous altitudes. 847 
KiCTotiC erosion and hemorrhage, 144 
spasm (see Artcrul spasm) 
thrombosis, 1371 
ArteriMiaphy, 1 376 
Arlcnorcs, resulance and. 1 347 
Arteriosclerosis, 1361-1364 
atheroma and. 1361 
diagnosis, 1363 
involudonat type, 1361 
penpberal, 1370 
(See a/so Alheroscicrosts) 

Arteriosclerotic heart disease, ob|Cctions to 
tenn, 1443 

(See aw Ischemic heart disease) 
Artenovenons fistnb, and bactcrul en* 
dartcritu, 1039 
heart disease ani^ 1461 
liypertcnsion andL 1331 
pulmonary, 110, 1534 

Aitcncncnous shunts in portal hypertension, 
155 


cerebral, m polyartentb nodosa, 1790 
in ^hilis, 17S9 

crantaJ (temporal), 1776, 1790. 1899 
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Artciilis, cranial {temporal), blindness and, 

fever in, 63 
headache and. 23 
treatment, 1899 

vascular disorders in, 1790-1791 
icnous involvement, 1899 
gunt<ell. 1791, 1899 
in lupus erythematosdS, 1894 
rheumatic, 1791 
in thenmatoid arthritis, 1909 
in Wegener’s granulomatosis, 1900 
Arteriography in cerebral thrombosis, 

1776 

Arthralgia, in familial hfeditesrarion feset, 
1252 

in hepatitis, 1631 
drug induced, 1681 
lupoid. 1679 
siral. 1671 
Arlliritis, 1902-1923 
acute glomeruIonephn'Us and, 1431 
acute gouty, 764 
anemu and, 1906 
atrophic, 1909 

(See a/so rheumatoid, beloiv} 
back pain and, 50 
in bacterial endocarditis, 1041 
in baefcroidcs infections, 937 
in btuceUosis, 960 
chronic infectious, 1909 
and colitis, 165! 

ulcerative. 1916 
dysenteric. 950 

m crysipelolbm mfections, 981 
in erythema niultiferme. 1924 
erythema nodosum, 1924 


in glanders, 969 
gonocOKsl, 929 
in granoloma inpiinale, 978 
II influmue, 9>5 

in lupus erythematosus. 1893 
m lymphogranuloma venereum, 1177 
mumps. 1181 
ocular vignt, 1905 

osteoarthritis (degcnerabve lomt disease), 
1913-1920 
m pleurodynia, 1131 

pnenmoeocol, 889 

In ^hattenlis nodosa, 1890 
psoriatic, 1916 . . 

in rat bite fever (SpiriJ/um muids) , 1089 
and regional enteritis, 1630, 191^1917 
in Reiter’s syndrome, 1907, 1903 
in theuraalie fever, acute, 914 
rheumatoid, 1909-1914 
cardiovascular ini-ohement, 1910 
clinical manifestations, 1910 
dental signs, 1581 
diagnosis, 1911 
etiology, 1909 


fever 


1. 67 


and gastric ulcer, 1603, 1609 
gold therapy in, 1913 
licadache and, 24 
incidence, 1909 
lomts affected, 1910 
juvenile, 1914 
latex fixation test and, 1911 
ocular lesions m, 1910 
patholoCT. 1909 
physical tJicrapy. 1913 
renal amyloidosis and, 1502 
in Sjogren’s syndrome, 1917 
tieatmcnt, 1912-1914 
x-ray changes in, 1911 
in rubella, 1160 
salmonella, 943 
sedimentation rate and, 1906 
sex arid, 1904 

in StrcpfobaeiZ/cs raomUformii infeetjon. 

976 

streptococcal, 909 
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Atfhfitis, in lyphnis, conecnital, 1076 
secondary, 1071 
in Soxoplasmosw, IJOO 
ukcMtne colitis and, 1916 
in M’cecner’s eranulomatosis, 1900 
in mipple’s disease. 1611. 1917 
Artliritis urethntia, 1907 
Artlitosrynhosis multiple*, 1732 
Artbropalhy, 1902 
psoriatic, 1916 

Arthropod tome siruses, 1154 
,\rtlirospores In actinomycoses, 1052 
Atthus ttartioa, 1258, 1269 
Arlifiaal dulysis (see Dialysis) 

Artiiieial respiration. In electrical injury, 
856 

in poiiomyehtis. 1146 
in respiratory failure, 1577 
•'A S and D." pills, 829 
Ashestosis, aKeolar-cspilbry blocl. and, 
1526. 1547 

dilution delects in, 1528 
Ascanasis, 1217-1218 
Aith liookuorm disease, treatment, 1216 
Ascaris /imibrieoides, 1217 
and biliary disease, 1701, 1702, 1717 
AscKheiin 7/mdek test, 670, 675 
Ascile*. 154-155 
and amyloidosis, 1696 
and carctnoQia, sastric, 1615 
leiunoileum, 1632 

metatasbe, 1698 
pancreas, 1668 
in Chian ‘1 syndrome, 154 
ehyloui, 1 54 

Ciirhosis with, 154, 18li 182. 531 
Laennec's, 1686 
poslneCTOtiC, 1691 
proEnosis, 1691 
licort tailttre and, 1381, 1694 
in liepai tobatum, 1699 
and hepatic \xin occlusion, 1701 
m hepatitis, acute viral, 1673, 1674 
fulminant, 1675 
subante, 1 67 5 

in hepatocellular failure. 1686 
and portal hypertension, 155 
and portal vein thrombosis. 1705 
Bit restriction, 1683 
Ascorbic acid, m byperosalurta, 751 
ifi&uenec on iron absorption, 1279 
normal values. 1943 

relation to adrenocortical hormones, 541 
Ascorbic acid deficiency, 539-Hl 
and alirolar bone loss, 1532 
load lest for detection, 541 
pathologic physiology, 540-541 
Aseptic meningitis (see htcnmgihs) 
Aiialorrhea m nvpcrthyioidism, 1581 
Aspcigillonia, 1065 
Aspergillosis, 1064-1065 
itomach, 1622 
treatmenL 1065 
Aspergillus ftimigatus, 1064 
Aspiration of foreign body, lung abscess 
and, 1552 

pneumonia and. 1552 
Aspiration pneumonia. 1555 
Aspnin, and pstnlis, i44 
and ^strointestmal bleeding. 144, 1610 
reactions associated with, 12/3 
m rheumatic fever, 9! 8 
and SCTum transaminases, 164 
Assassin hues. 1205 
•• Asteroid ■ bodies, 1246 
Assisted bieathing, in carbon dioxide nar- 
cosis, 1523 

m respiratory insufficiency, 1575 
Asthenia. 353-390 
in Addison’s disease, 613 
differential diagnosis. 3SS-3S9 
nenrocircutatory. 392 
Asthma. 1263-1266 
air travel for patients, 848 
bronclml, 1518,1520 
cardiac, 1382 


etiology, 1263 
estiinsic, 1264 
mlnnsic, 1265 

Loefller’s ^drome and, 1556 
ntanifcslatrons, 1264 
in polyactcntis nodosa. 1891 
sputum in, 1264 
treatment, 1265 
Astigmatism, headache ana, 21 
Astrocytoma. 1817 

A^l^s«D5bjd«>ticliysteiol3 
Alabrinc, I7M 

IQ cutaneous leishmantasis. i20> 
dermatitis 76 
in gurdiasis, 1212 
in malana, |202 
reactions associated tsilb, 12/3 
in mtem lupus cry thematostfs, 1 396 
torioty, 1202 
Ataxia, 245 

cerebelbr, 246, 247. 771 
cerebral, 834 

in chicken encephalitis, 1167 
coDgeniial, 1738 


Ataxia telangiectasia, 1734 
AUtic UeiDOt, 245 

Ate5t«isis, bronchial obslsuctum and. 15>2 
displacement of heart and, 1552 
displacement of inediasbaum and, 1553 
in pertussis, 9 >7 
m pneumonia, 889 
postoperative 1552 
treatment, 1553 
Atlsetoma fseeArtcnoscleiosB) 
Alheroscleiosis. 1361-1364 
alcohol and, 1363 
anatomic factors, 1363 
m animals, 1 362 
anticoagulant treatment, 1364, 
in cerebral thrombosis, ]749-1751 
cholesterol and, 1562, 1564 . 

a dub^s meliitos, 633. 656. 1362 
diet and, 1361. 1364 
exercise and, 1364 
familul tendency, 1363 
hydraulic iaclois. 1363 
and hyperlipidemia. 779 
occupation and, 1363 
plasma lipids and, 1 361 
race and, 1362 
saturated fat and. 1361 
sex and, 1 362 
tbrombogenesis and, 1361 
tobacco and, 1 363 
treatment Uiith nicotimc aod, 1364 
triglycerides and, 1 562 
uruaturaled fat aod, 1361 
Athetosis, 255 
double, 1737 
muscle font m, 254-255 
in pertossis, 957 
"Alhirle’s foot,” 1937 
Athyrcosis, 585 

Atomic bombs, isdiation iniury, 6>1 
Atomic Heights, 1945 
Atony, and con^palioa, 142 
esophageal, in sderodmna. 133 
Atopic ^rerpe disease. 1253 
Atopic dermatitis, J926 
Atopy, 1258 

Atnal fibrillation, 1398-1399 
anticoagulant tbetasqr, 1399 
aorbe insuffiacncy and, 1416 
auser. 1393 
diagoous. 1 393 

differentubon from premalare beats, 90 
effects. 1393 
mitral stenosis and, 1437 
paroxysmal. 1 393 

S uinidine and 1 596 
irombombnlism and, 1399 
treatment, IW9 


Atrial gallop, 1408 
Atnal myxoma, 1465 
Atrial septal defect, 1425 
electrocardiogram and, 1430 
bnrt sounds and, 1403 
hemodynamic measurements m, 1421 
Marfan’s syndrome and, 1885 
proJonged P-R intenat and, 14(8 
AtnaJ tachycardia fsee Tachycardia) 
Atnum, depolarization, 513 
excitation, 515 
repolartzation, 513 
Atropine, poisoning, 819 

reactions associated mlh. 1272 
Auditory hallucinabons sn epilepsy, 333 
Aural vertigo, 278 

Aureomycm (cMortefraeyelmc), 874, 1704 
Auricular fibnilation (see Atria! fibrfl- 
latjon) 

Auscultation, technical considerations, 1407 
Austin Hint murmur. 1412, 1436, 1438 
Aostralian Xdisease, 1155 
Autoantibodies, specific, in hemolytic ane- 
mia, 1290 

Autohemolyas of ^ihiocytes. 1292. 1195 

Autolyzed yeast in tropical maaocyrie 
anemu, 1286 

Autonomic nervous syst e m , anatomy, 268- 


TO asthma, 1164 
functional tests, 274-275 
disturbances, 268-276 
in deimum, 357 
in orthostatic hyMteoslon, 305 
Autoprothrombin. 219 
Autosomal dominant trait, 430 
pedigree pattern of, 432 
Autosomal recessive trait, 432 
Avilsmmwa A, 548-550 
causes. 548 

clinical picture. 549-550 
detection, 549 
development. 549 
and hypoplasia, 1582 
pathologic findiDgs, 548-549 
treatment. 550 

Avitammotii D, 199, 550-552 
causes. 550, 551 
clinical features, 551 
diagnosia, 552 
incidence, SSI 
pathology. 551 
Vtcvenlmn, 552 
prognosis, 552 
treatment, S52-SS3 
Axillary nerve diseases. 1879 
Ayetea’s syndrome, 846, 1308 
Axopigment from hilirubin, 147 
Azotemia, 158, 159. 174 
fionj Amphotencm B. 1056 
chronic glomerulonephritis and, 14S4 
In epidemic hemonhagic fever, 1187 
glomerular filtration and, 174 
mhepalitis, 1675, 1680 
in lata ozar, 1203 
m munne typhus, 1104 
relation to uremia, 174 , , 

in Rocky Mountain spotted fever, 
solute diuresis and, 174 
in yellow fever, il8S 
(5ce also Uremia) 

Azul. 1033 
(SeeaisoYaws) 


Bibinvki reflex in paralysis tests, 244 

Babmski'i sign, 13 

Bacillary dvscntcry (see Dysentery) 

Bacillus (bacilli), acid fast fsee Mteo- 
bacteria) 

Arirona, 931 
Ballcrop, 931 
nitfey. 1025 
Defhe$da.931 
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Bacnius, Calmdie-Cuerin, 1019 
(See also BCG %accine) 
n3ton.93l-93J 
Ductc>', 95S 

(Sec also Chancroid) 
infertioni, 931-9J2 
Klcbs'Loeffler. 9S2 
leprosy, 1020 

.931,932 

(see Hemophilus influenzael 
rrofeus. 933-934 
PrOMdence, 931 
s"imiiimg pool, 1024 
Idanus, 9S9 
tubercle. 999. 1000 
BaeiWus anthraejs, 973 
Bacitracin, 875 

reactions associated nitb, 1272 
Back, anatomy, 47 
ecamination, 45 
Back pain, 44^56 
abdominal disease and. 51 
anatomy, 44 
aortic aneumm and, 51 
arthritis and, 50 
in biliary anhosis, 1693 
and carcinoma. 50 
of colon, 1654 
metastatic, 50 
of prostate, 52 
of utenu, 52 
cervical tpiae and, 53 
compensation and, 53 
eonscnital anomalies and, 43 
cough and, 45 
diseases of colon and. 52 
endomctn'asu and, 52 

E idunl abscess and, 51 
im terminate syndrome. 43 
fractured tnnsverse process and, 49 
fractured vertebra and, 49 
Colthnaite’s sign and, 46 
nmccologfc disorden and, 52 
hysteria and, 45, 53 
intervertebral disks and, 49 
la irritable colon syndrome, 1643 
ischemic heart disease and, 52 
kidney and, 52 
laboratory testa and, 47 
Lasigue's sign and, 46 
LeiAin's sign and, 46 
Iipmentous sprain and. 46 
local. 44 

localiaed tenderness and, 47 

lumbosacral sprain and, 46 

lymphoma and. 51 

mahngcringand, 45, 53 

malposition of uterus and, 52 

Mane Strumpcll arthritis, 50 

menstruation and, 52 

metabolic bone disease and, 51 

muscle spasm and, 45 

myelograms and, 43 

myeloma and, 51 

neoplasms and, 51 

nerve supply and, 44 

nucleus pulposus and, 49 

obscure, 52 

osteojrthntis and, 50 

osteomalacia and. 51 

Paget's disease and, 51 

pain sensitive structures and, 45 

pancreatic disease and. 51 

pelvic disease and, 51 

peptic ulcer and, 51 

physiology, 44 

posture and, 52, 56 

pregnancy and, 52 

psychutric illness and, 53 

radicular, 45 

referred, 45, 51 

retroperitoneal disease and, 51 

rheumatoid spondylitis and, 50 

Rogoff's sign and, 47 

ruptured intervertebral disk and, 49 

sacTOiluc sprain and, 49 

Scheuermann's disease and, 52 


paracolon 

FleiBer's 


Back pain, sdatica and, 45, 46 
sneeze and, 45 
spina bihda a^, 4S 
spondyloUsthi^ and, 43 
spond) lolysis and. 43 
sprains and, 48 
straight lee raisins and, 45 
strains and, 43 
tenderness and, 45 
trapezius muscles and, $2 
Iretment, 55 
by exercise, 55 
by traction, 55 
types of, 44 

urologic disorders and. 52 
Bacteremia, Aerobacter acrogenes, 932 
in anthrax. 974 
m bactoiai endocarditis, 1039 
Bactcroides, 937 
in biliary stricture. 1714 
blood culioies, 865 
in brucellosis, 961 
m cholaneilis, 1702. 1703 
in clostridial infections, 997 
cohform bacilli, 931, 932 
cnteroeoccal, 923 
Eichcrichu cob, 932 

f onococcal, 929 
I inRucnzae. 955 
in Laenncc's anhosis. 1637 
in leptospirosis. 1036 
in bstetosts, 979 
meningococcal, 925 
Afima pofymorpha, 972 
in plague, 963 

in pneumococcal infections, 883 
Prcrfeui. 933 
m rebpsing lever, 1088 
Sa/monells. 943 
and shock, 932 

in staph) loeoccal infections, 893 
sticptococcal, 905, 909 
Streptocoectis /cealo, 923 
m tulafeinu,965 
in t)phoid, 940 

Dacterul endocarditis (see Endocarditis) 
Bzcteriaphaee, in typing staphylococa. 894 
and virulence of diphtheria bacilli, 
9S2 

Bacterium anitraturo, 972 
Bzetenuru, 1037-1038 
(See also ryeloncphntis) 

Bzcteroides (ragifis. 937 
Bjcteroidcs fundoWonnis. 937, 1693 
Bacteroides inclamnogtnicos.937 
flacteroKfei necrophorus, 937 
Baeferoides nigrescens, 937 
Bacteroides infections, 936-938 
assocubon nith aoaeiobic streptocoeri, 
937 

bactetemia m. 937 
treatment of, 957 
Bagasse disease. 1543 
Bagdad boil, 1202 

(See a/so Leishmaniasis, cutaneons) 
Baimsdale disease, 1024 
BAL (Bntub anb lenisite), 811 
as antidote for poisoning, 61 1-8I2 
contraindiated for cadmium poisoning, 
813 

for gold intoxicaticHi, 1914 
reactions assooated with, 1272 
Balanitis cucinata in Reiter’s syndrome, 
190S 

Balantidiasis, 1212 
Balantidium cob, 1212 
Baldness (see Alcmeaa) 

Balloon tamponade, 1(91, 1688, 1689 
Bang's disease, 960 
Banthme, and gastric acid, 1689 
reactions associated xntb, 1272 
Banti's syaidronie, 1336 
hemorrhage in, 144 
portal flaw in. 155-156 
in schistosomiasts, 1227 
Barany's postoral vertigo, 279 
"Barber's itch,” 896 


Barbiturates, abstinence svndrome, 81 1 
addiction, 810 

alveolar hypoventilation and, 1522 
m biliary dyskinesis, 1716 
danger of respiratory depression, 1 576 
in epilepsy. 341-343 
intoxication, 807-8 1 1 
treatment, 809 
mode of action, SOS 
reactions associated with, 1272 
Banum, and bone metabolism, 700 
poisoning, 820 

Banum enema, in circinoma detection, 
1654 

in colomc disease, 1649, 1654 
diverticulitis, 1646 
malrotation, 1641 
obstruction, 1657 
polyps, 1643 
ulcerative, 1640, 1648 
in constipation, 142, 143 
in dianhea, difleientiation, 140 
in diverticulosis, 1624, 1646 
m ileocolitis, 1649 
in intestinal obstruction, 1635 
intussusception, 1657 

Barometnc pressure, alterations, acclimatiza 
tion, 844 

disorders due to, 841-847 
decrease, expansion of abdominal gas, 849 
Barotitis. 849 
Barotrauma, 842. 849 
Bartonel/a oaciJlifonnts, 976 
Bartoacllosis, 976-977 
secondary infection by almoncllas, 977 
treatment, 977 
Basal cell carcinoma, 1934 
Baal cell epilhdioma, 1934 
Basal ganglia, diseases oh 251-258 
m encephalitis lethargica, 1154 
Baal metabolic rate, m leukemia, 1331 
in nephrosis 1488 
normal values. 1945 

Base, total, serum, normal values, 1943 

Basedow’s disease. 589 

Basilar impression, 1729 

Basophilic leukemia, 1329 

Bathing pruritus caused by, 83 

Bats, rabies in. 1149 

Bay sore. 1202 

(See also Leishmaniasis, American mu 
CO cutaneous) 

Bayer 205 (in trypanosomiasis), 1206 
BCG vaccine, 1019 
ui leprosy, 1022 
Beau's hne. ^7 
Becker's disease, 1464 
Bedbug bite, 1244 
Bee stmg, 1242 

Bebavaord disorders, from brain disease, 
344-346 

in confusional states. 354-362 
definition of terms, 343-344 
dementia (see Dementia) 
observable aspects, 344-346 
in schizophrenu, 362-370 
Bejel, 1DS4 

Belching, m bilury tract disease, 13S4. 
1707, 1712 
definition, 125, 1534 
m diaphragma6c hernia, 1584 
dietary control, 1715 
and duodenal ulcer, 1596 
and gallstones, 1710 
and indigestion, 124 
and pancreatic disease, 1660 
and pleural pain, 125 
Belladonna poisoning, 819 
Bell's palsy. 292-293, 1882 
Bence Jones protein, 1342 
In urine in osteoporosis, 705 
Bends. 644 
Benemid, 1704 
m hypoparathyroidism, 603 
inhibition of penicillin exaction by, 

873 

reactions associated with, 1273 
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Bciii?n inoculation reticulosis. 1173 
(See also Cat scratch disease! 

'‘Benijn j^iroxysinal peritonitis,'' 1251 
Beorednne, poisoning, 819 
tcacUoMassoaatwf'Mth. 1272 
(See also Amphetamine} 

Benrene poisoning, 820 
Beriben, 54>--547 
clinical picture, 5-16 
diagnosis, SH7 
etiology, 5^5-S•l6 

neonlic (nutritional polyneuropathy!, 
1841-1 8-1 5 

pathologic findings, 546 
pcognosis. S47 
treatment, 5-»7 

Beriben heart disease, 546, 1461 
Bemird Horner syndrome, 287 
Berylliosis, alveolar^apillary block and, 
1526 

Beijllium, in bone metabolism, 700 
pneumonitis and, 154! 
pulmonary granulomatosis and, 1547 
Beryllium disease of lung, diffusion defects 
in, 1523 

Besniet Bcck-Scliiumann disease, 1246 
Bela hemolytic streptococcus, 901 
toxins of, 901-902 
transmission of, 901 
Beta metal-eomhining globulin, 492 
Beta naplith'Iamine, 444 
Beta rays, radiation iniury. 850 
Betel nut in ehalogy of caoetr, 444 
Beta cells. 241, 242 
in epilepsy. 335 
Bezoan. 162i. 1611 
Bezold absecu, 1012 

Bieaibonalei la metaaolio aodosis, 469- 
470 

BiciHin, 872 

BielacbonalLy cbaeaiA 78), '860 
Bicmet's anenna, 1180 
Bwemina! rhytlim, 1197 
digitalis and, 1186. 11S8 , 

Biguanide comnoiinui m diabetes melUtos, 
643 

Bite, eeeretion. 161 
fecal. I66S 
fiOM.lU 

after biliary-uitcstinal anastomosis, 
1714 

fallbladdo concentration, 1707 
m Mstric contents after lomlting, 117 
milk of cataum, 1707 
refills, 150 

and pancreatitis treatment, 1661 

seg'iHita^iOTi, Mffl 

posluhm foi defect, 1 51 
stasis. 1707 

and biliary cirrhosis, 1692 
and chotcdocholithusis, 1713 
and cholcstcsol levels, 16J 
from eatrahepatic obstruction, 1702 
urne content, in tardue archosis, 1694 
in Dubin Johnson syndrome, 1700 
Bile ducts, atresia, 1717 
eanece, 1696, 1701, 1717 
clinical features, findings, table, 1668 
and In et changes. 1 51 
and cliolangitia, pnmary or secondary, 
1702-1/03 

common (see Common bile duct! 
congenital abnoniialitie^ 1701, 1717 
cystic stumps, poitcliolectstectomy, 1716 
dilatation, 1692. 1717 
diseases, 1706-1718 
drainage, in Iner abscess, 1699 
infection by coliform bacteria. 932 
obstruction (see Biliary obstruction! 
and obstructive laondice, 149-150 
parasitic ini-asion. 1702 
proliferation. 1692 
radiology. 1708-1710 
stones, 1701-1703, 1707 
and cholecystitis, 1711 
stiicture. 1714 
poifcholccystcctomy, 1716 


Bile pigments, in chdicdochalithtasts, 1711 
psecipitalHm m anenua, 1710 
produclrrm, 147, 14S 
sources, 204 

Bile vdts. action mbOe. 1710 
and prunhis, 153, 1714 
Biiliatziasis, 1225 
intestinal, 1226 

Biliary eirrhosis (see CiRhon^ biliary) 
Biliary colie, in cbolecysMu, 1711, 1712 
■n ciioledocbolithiasi^ 1713 
differetilia) diagnosis 125, 1710 
and ductal stone, l702, 1707 
in Ballbiadder disease, (28 
stones, 1710. 1711 
and indigestion pain, 125 
and intestinal perforation, 1710 
and mescniefic occlusion, 1710 
and myocardial infarction, 1710 
after opiates. 1716 
and pancreatitis, 1663, 1664, 1710 
and peptic ulcer. 1710 
and pEwtisy, I7l0 
Biliary dyslmesu. 1715-1716 
adtenerpe unbalance, 1716 
and autonomic phenomena, 1716 
postcholeejstcrtomy, 1716 
symptoms, 1716 
treatment, 1716, 1717 
Biliary obstruebon. 149-150 
and ascending cholannlu, 1713 
and bile resorption, 1707 
and bOiar? eongestioii, 1707 
and bilirubin eaccetion. 148 
and e»ti««. 155. 166S. 1701. 1713, 
1717 

sad cholangitis, 1676, 1701, 1702, 1713. 
1717 

and cboledockolilhiasis. 1713 
differential diagnosis 1713 
and dmgsenntiiiff fesMns. 168) 
and ethinoeotcus cysts, 1717 
fat absorpbon and digestion, 1703 
and |locaronides, di* and mono* ratios, 

and hepatitis, 1676 
ebolestatie, 1675 

and infeetion. 149-150. 1701, 1703, 
171? 

and laiindice (see Jaondice) 
and iwer flukes. 1717 
pam, and gradual stenosis, 1707 
(See afso Biliary colic) 
and pruritus, 151 
and ikin bilivetdm, 153 
by alono 1707, 1713 
lealTOts. 1701-1702 
by slTOWie, 1701, 1714 
tieatment. 1702, 1703, 1714 
surgical rdie(, 1691 

Bildry stasis and acute cholecystitis. 1711 
Biliary tract, aWtss mio, (lom h^tic 
tuberculosis. I6S4 
actinomycosis, 1717 
and acute pylephlebitis, 1705 
calculi, and acute ^lec^tiba. 1711 
and cancer, 1663. 1670, 1717 
chemical irritants, 1711 
colic, 1707 

(See abo Biliary coUc) 
congestion. 1707 
disease, 1676, 1701-1702 
aw) acute colrauc obstruction, 27)2 
and belchme. 1584, 1707. 1712 
dillcicniial dagnosit, 1670, 1712 
nmiiHoms, 1706, 1712 
dysLmctie mcchanran, 1715-1716 
fistulas from, and ^Ustoncs, 1711 
ileus, 1714 

infotions, 1693, 1702, 1705, 1717 
inflammatoiy piocess, 1707 
intestinal anartomosis for stnclme, 1714 
intramural lennon and pam, 1707 
and iixcrabsccrs, 1698 
manonictir. 1710, 1716 
radiology, 1708-1710 
septic cmbidi, 1717 


Biliary tract, syphilis, 1717 
tUBCreulosis. 1717 
tumor, 1702 

Bilirubin, albumin binding and split, 147 
and antihiatics, 148 
azopigmenis, 147 

bile content and pigment precipitation. 
17)0 

in biliary obstruction, 1702 
in bilirubmcmu. 1708 
in cholangitis, 1701 
in choledociiolilhiasis, 1711 
coniueafion, 14^148, 1703 
anef alcohol, 147-145 
and Chrlich’s reagent, 14S 
excretion, 146, 152, 153 
fceal, I4S 

by liver, and normal demands, 170) 
urinary, 149 

in biliary obstruction, 1702 
in cholcdocliobthiasis, 1711 
in viral hepatitis, 1673 
formation, 146-145 
"overproduction," 152 
HI Gilbert’s ^diDirie, V52, 1699-1700 
and jaundice (see {iundice) 
plasma, 148 

albumin binding, 147, 149 
regurgitation, 149 
phenomenon postubtes, 150 
m Sclilesinger’s solution, 147 
serum, 146 
10 cholangitis, 1703 
ui eifihosis. biliary, 1693 
tatdiac,l694 „ 

io Dubrndobiuon syndrome^ I/OO 
in hepatitis, lupoid, 1677 
vital, 151. 1673. 1674 
io byperbilinibinemu, 1699, 1/00 
m infectious mononucleosis, 1681 
m newborn, Ul-ISZ 
norma! values. 1943 
■n pernicious anmiia, 152 
poitcholeejsteetomy, 1717 
poahepatitis, 1676 
in premature, 152 
transport, 147 
m hypetbiiimbltiemia, 1700 
den Bergh reaetioa, 147-148 .. .. 

Bnirubinemit, bile dueft or gallbladder 
visualisation. 1703 

BHivetdin. 153. 203 
in deep jaundice, 146. 1701 
in hemoglobin dcgraoition pathway, 146. 

Binsuangn's subcortical encephalopathy. 

1776 

Biochemical genetics, principles t)f.415-4l> 

Biochemistry, metals in, 487-4S9 

Biopsy, m Baimsdale disease. l024 
in eat^CTatch disease, 1 179 
in cryptococcosis, 1055 , , 

in cytomegalic inclusion disease, US-* 
in dengue. 1159 
m fever of nnknov.'n origin, 70 
of fingernails, 81 
■n glanders, 970 
in hepatic granulomas. 1683 
m histoplasmosis, 1060 
in Infectious diseases, 864 
in leirrosy. 1022 
liver, 165-166 
in taranotni, 1697, J69S 
in melioidosis, 971 
in mycosis fungoidcs, 1934 
in neoplastic disease, 446 
in pemphigus. 1929 
in polyartenbs nodosa, 1891 
punch 77 

in pjeloncphntis, 1033 
renal, H7S 
in sarcoidosis, 1683 
in schistosomiasis, 1695 
m scleroderma, 1898 
in sVin diseases, 77 
m sore elbow, 1624 
in swimming pool disease, 1024 
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Biopsy, ijuoml, 1907 
in syphilis, 1078 
m tuberculosis. 16S4 
in tulatmii. 964 
in Weber-Chnstian disease. 1900 
in yellow fescr, 1154 
Biotin, role in man, 536 
Bipolar leads, electrocardiogram and. 507 
Birtlimarls, neurologic conditions with, 
1732-1734 

Bismuth, and herpes zoster. 1163 
poisoning, SI 3 
oral signs, 1581 
reactions associated with, 1272 
Bites, diseases caused by, 1238-1246 
human, 1030 

Bitot spots in avitaminosis A, 543, 549 
Biundulant milk fever, 1156 
■'Black vomit,” 1185 
Black widow spider, 23S, 1241 
action of torin, 250 
(See also Spider bites) 

Blaclwatcr fever, 1201 
hemafm idease, 147 
hemoglobmemia in, 203. 

Bladder (urinary), anomalies. 1504 
autonomic disturbances. 272-273 
colonic cancer invasion, 1654 
infection, 1037 
(See also Cystitis) 

nervous function distwbances, 272-273 
tuition, 1507 
■‘Bladder worm," 1234 
Blalocl-Taussig operation, 1423 
Blastomyces brasilienns, 1067 
Blastomyces dermatiditu, 1055 
Blastoroyeui, 1056 

Btostomycosu. North American, 1055-1056 
serologic reactions, 1056 
treatment, 1056 
South Amenean, 1067 
treatment. 1067 
Bleb, deSnition. 1557 
Bleeding, 217-229 

from alterations of ertnvascular factors 
of hemostasis, 223 

from altctattons of intravascular betors 
of hemostasis, 224-227 
anal lesions, 1655, 1659 
balloon tamponaae control, 1601, 1633, 
16S9 

biliary tract, from gallstones, 1703 
from blood dysctasias, 1^0 
carcinoids of redosigmoid, 1653 
in carcinoma, 1653-1655 
classification of causes (table), 218 
colon. 1639. 1642, 1653. 1654 
differential diagnosis, 1653, 1654 
divcrticulosis, 1624, 1642, 1646, 1650 
esophageal (see Esophageal vaiiccs) 
fissures, 1654 

from hemangiomas, 1632, 1640 
hemorrhoids, 1654 
m.bepalocellatar failure, 1686 
leiomyosarcomas, 1653 
Meckel’s diverti^um, 1624. 1640 
pancreatic tumor, 1660 
polyps, 1640, 1642 
prolapse of gastric mucOsa, 1622 
rectal, 1646, 1650, 1653, 1655 
m regional enteritis, 1628 
ulccratne colitis, 1648, 1650 
salicylazosulfapyndmc for control, 

1651 

uremia and. 180 
(See also Hemorrhage) 

Bleeding disorders, study of patients with, 
227-229 

Bleeding time, normal values, 1946 
significance, 227 

Blepharoclonus in Parkinson’s disease, 
248 

Blepharospasm. 245, 257 
Blindness, legal aspects, 424 
m temporal arteritis, 1899 
transient, 416 
(See also Amblyopia) 


Bloating, 1707 
cholecystitis, 1712 
dietary control, 1715 
and gatlvtoncs. 17)0 
irritable colon sradrome^ 1643 
and pancreatic disease, 1660. 1662 
Blocking agents, 248 
and adynamic ileus, 1633 
and constipation. 1644 
hypertension and. 1557 
Blocking antibody, 1258 
Blood, ammonia, and z.^^*nine, 1690 
and hepatic coma, ISS 
bilirubin, 148. 1708 
m ancmb, 1710 
in chobngitis. 1703 
in cbolcdocholilhusis, 1713 
and eiythroid hyperplasia, 1700 
and laundice, )4v 
bubble foimalion. 843-844 
calcium levels and dietary alkali, 1593 
drugs associated with various reactions 
(table), 1272-1273 

fecal content, 141-145, 1591, 1639. 1654, 
1668 

hemoconcentration in pancreatitis, 1662 
infection source in viral hepatitis, 1671, 
1679 

lipase in pancreatitis. 1662 
macroscopic etauimation, 210 
malema) incompatibilities and drihoiis, 
1695 

nonprotem nitrogen and intestinal hem- 
onhage, 143 

normal vaiues. chemical constituents, 
1943-1944 

in diffaent seres, 1946 
eryihrooies, 1946 
pepsin levels m deer, 1591 
pH. 1944 

platelets (see riatelcts) 
ui serosal cavities, and bQirubin forma, 
fioft, 147 

Stans and cardiac arthosis. 1694 
urea, elevation of, 174, 1478 
urea nitrogen content, after intestirul 
hemocihage, 143 
mechanism of elevation. 174 
uric acid, elevation, 1478 
viscosity, blood ptessuie and, 1347 
lOCTcased, 840 

in vomitus, didercDbal diagnosis, 1 37 
rine m. 494 

Blood clot, dissolution. 221 
retractioa, 220, 227 

BIoad<lot setraetion lime, normal values, 
1946 

Blood coagutaliOR, defects (tabic) , 218 
varieties, 224 

diagrammatic outline, 220 
disorders, simple saecning tests (or, 229 
and hemostasis, 218-221 
m liver disease, 162 
orrhosi% 1638-1689 
tests, significance (table), 228 
theory of, 219-221 

Blood coagulation (acton, in liver disease, 
162 

cinhosis, 1638-1689 
synonyms (table), 219 
Blood coagulation lime, normal values, 
1946 

significance, 227 
Blood donor, oniveisal. 1 306 
Blood dyscrasias, bleeding, 1640 
bematemesisand melena, 144 
Blood flow, artenovenous shunt, and con- 
gestive failure, 1697 
Bsnti’s syndrome, 144, 155-156 
after bile duct obstruebon. 1 50 
bilirubin uptake and romoval. 149. 150 
bowel, m ad^amic ileu^ 1633 
and Bromsulphalein retention, 159 
collateral, 156 

and hepatic vein oedusion, 1703 
and portal tiypatenuon, 155 
and vascular bnut, 153 


Blood flow, coronary, 32-34 
and enterocolitis, 1657 
enterohepatic, and gallbladder, 1708 
and gastric vanccs, 156 
hepatic, 143 

and bed rest, 1677, 1689 
in cirrhosis, 1 56 
cardiac, 1694 

and metastatic neoplasms, 1697 
portal, in Banls’s syndrome, 144, 155- 
156 

porfocaval shunt, 1689 
and pstne seaetion, 1594 
and hepatic coma, 157, 1690 
velocity, circulation time and, 93 
distinction from volume, 94 
volume, distinguished from velocity, 94 
and volvulus, 1656 
Blood group factors (table), 438 
vanety of, 437 
(See also under Factor) 

Blood groups, antliropologic importance, 
43S-439 

clinical importance, 439-440 
distribution in diflcrent races (table), 
439 

and duodenal ulcer, 1593 
and gastric carcinoma. 1614 
medico legal importance, 438-439 
relative importance in transfusion reac- 
tions, 440 
variety. 437-438 

Blood loss, symptomatology, 1278 
Blood pressure, age and, 1 349 
arterial elasticity and, 1347 
blood volume and. 1347 
cardiac output and, 1347 
central nenoiu system and, 1343 
in different parts of body, normal valaes, 
1944 

dusrcting aneurysm and, 1 366 
factors determining, 1345-1348 
and hemonhage, 1600 
gastric, 1602 

in intestinal obstruction, 1634 
measurement, 145, 165 
normal range, 1346 
m panaeatitis, 1662 
peripheral nerves and, 1343 
pulmonary, 1417 
reflaes and, 1348 
resistance and, 1347 
serotonin and. 1348 
shock and, 143 
Valsalva maneuver and, 1349 
vasodilator substances and, 1 348 
venous (see Venous pressure) 
viscosity of blood and, 1347 
(See also Hypertension) 

Blood substitutes, 1304 
Blood sugar, postgastrectomy, 1617 
Blood tests, in cholecystitis, 1711, 1712 
s^imentation rate, and indigestion, 125 
in regional enteritis, 1629 
Blood transfusion, 1304-1306 
and hepatitis, 1670, 1671 
indications for, 1304-1305 
reactions (table), 1505 
acute tubular neaosis and, 1493 
risks inherent in, 1305-1306 
and viral transmission, 1679 
Blood volume, 1690 
acute glomerulonephritis and, 1450 
assessment, and bemodilution, 1602 
blood ptessurc and, 1347 
in cinonsis, 1683 
m esophageal bleeding, 16SS 
heart failure and, 93 
m hematcmesis, 145 
in intussusception, 1657 
normal values. 1943 
in regional enteritis, 1629 
replacement in older age gfoop, 1602 
and shock, 143 

m ulcerative colitis control, 1651 
Blue scleras in osteogenesis imperfecta, 

1887 
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B(xJy compfnifion, ISS 
topper m. ■»■?! 

Piionnc in, •t9I 
nuguRinm m, ■497 

mtiillictleiOEnts m. 

7inc m, 494 
Body fiuidt. 449-462 
hone ailrmtuienlt W mineral conrenlra- 
tioni jn. 696 
cakitrm m, 690 

«'-wiWi T,ViW7.ka\t 

composition, 449-450 
ciclian?«, interoal. of electrolytes, 45) 
pbsma and intetstilu! fluid, 4S4- 

of water, 450-455 

fluid and eleiltolyte balance, 449-456 
climcal considetalionj, 457-462 
nomtal values. J945 
paratImoiJ hormone resolation, 599 
pliojpfiate in. 690 
itjlule fonccnlration, 450 
volume, 449 

Body habitus and tempenmenf, 345 
Bod) licat, 60-61 
tosi cf. 6&-6J, 63 
in cold ininry, 837 
(.^ee afro 1 Ij-potliermu) 
psiiductxm of, increased, 63 
Body temperature (»ee Temperature) 

Body watCT, I8S 
Bohr effect, IMJIS ^ 
coronary blood flow *od> 33 
0aiiri).896 
staph) loeoeeal. 896 

Bone, adiustuients. to minenl concenlca' 
tions of body fluids, 696 


nuns o( Douy uu'ui, u 
to phyiieal activity. 695 
atseofar loss, and mteniie disease, 15S2 
dmleiucaiien in buiwy cirrhoiis, 1693 
diseases, localized, 700 
fomiatnm, 694 
incrated, 714 

lesions in decompression tiekness, 844 
idandi of dense ealcifiutiofl. 844 
hser metastiser, I697_^ 
tnetaV«hc disotdess, 69i3»7t3 
definition and clasnucation, 700-702 
table, 701 

iinclassificd, 71^720 
tSce also Osteomalacu, Osteoporosis) 
metatwhsm, 690-691 
action of endocfine hormones, 697- 
699 

action of parathjToid hormone, 696- 


Bone marrorr, hs petntcMns anemia, 
I2S2 

potential for increased production, 202 
iransplantalkm, in teoVema, 333> 
tn radiation mywy, &53 
BoophiJur cfecobrattis, 1102 
BoiMrignii. 139 
irritable colon syndrome, 1643 
Bordateit) pertussis. 956 
f5ce also Perluua) 

Bordet Ccsi^on medvran m peitmssr. 956 
Doric acid, reactions assoented nith, 1272 
Bomlioim disease, 1131 
(See also rieniodynia) 

Borrelia dottonii. 1033 
Borreha novyi, 1653 
Borrelu fccnrrentzL 1033 
Boston csanlhem, 1163 
Botulin, 993 
Botulism, 992-995 
chemical 1 ms& 250 
dyspham tn. 133 
prophjusis, 994 
treatment. 994 
in nound infections, 993 
Bouba, 1082 
{See also Yaws) 

DourncsiUc’t disease, 1733 
Boutcmneusc fern, 1)01 

(See also African tick borne fever) 
Bowel habits, 139-142 
and aMoininal ram, 1579 
and caccinoina.l43. 1653, 1654 
and eonslipatioo. 142 
and endocrine disorders, 1579 
"rejalatity." 142 
Brachul neuritis, 1832 
Brachul plcnus, pam snd. 53 
Brachul plexus radios, 1379 
m children, 1739-1740 
6nch>cephal>, 1723 
BraiBcuioia. anemaf pain and, 34 


697 

action of vitamin D, 697 
mmeiils in. 699-700 
pruccssci, 693-694 
mmeral compoiition, 692-693 
and nincial liomeostasis, 695-696 
neoplasms, 72tl*721 
and pancjcafic cancer, 1663 
rnstmcnopausal matris defect, 1693 
plijvolojy, 691-696 
piolcin componfion, 691-692 
rcjorption, 693, 69ft 
decreased, 714. 715 
m leprosy, 1022 

rocntpcnoimms, diacnostic significance, 
702-703 
in syphilis, 1072 

in isitcmK: lupuj errtViemaloms, 1893 
rJiyrofosicdiseasc, 595 
tumors ID ladiation iniury, S55 
in W'tsmcTs cranulomafosis. 1900 
Bone marrow, biTc pijmcnt proiliiclion, 147 
colonic carcinoma mvauon, 1654 
di4ctcn*u! counts fn satious duorden 
(taMcK2l3 

cryihroid hyperplasia, hypcrbilirubineniia. 
17U0 

cia-nmation, indieafioni for. 211-212 
m intcctioMS diseaiev b64 
a-fcj hepatic lomos, 1695 
rioniinUnfjc, in Lacnncc i oriliosis, 
1687 


_....i:ii9*r 

in phlrboiomus fever, 1191 
iinus, 1403 
in typhoid fever. 941 
Bsim. akftCCM, 

bfonchieclant and, 1551 
ettebeflar. 1048 

eonaenitai Heart disease and, M22 
E. histolytica, 1047 
etnpicviia and. 155$ 
frontal lobe. 1047, 1043 
It, loffuenae, 955 
m noCiidiosiiL 1064 
pnemnococcal, 839 
sinusitis and. 1513 
(etnporal lobe. 1047, 1043 
trcatirient. 1049 

aotonomie retubtiog mechanisms. 269- 
270 


158, 

pain localization, 1639 
vnctral, 269-270 
(See jfnr under Ccicbral) 

Diatn dHtases, 1746-1795 
ccrcbimoscuLir. course and prcMosti. 

I709-17TO 
diicnosis, 1791-1795 
ciiibolism. 1736-1779 
bemorrfiagc (vfeCeabral Heiaortbaael 
inSammatoTyi 1789-1791 
ischeniic syndromes, 1751-1767 
laboratory findmgv 1763-1769 
stroke syndiomc, 1747-1743 
sympldmatoloey, 1767-1763 
coma m. 515-316. 310-519 
degenerative, 1853-1872 
dernentia (see Oetnentia) 


epdepiT ouscvl by, 336-538 
focal, (lioiial suns. 543-354 
dupiosB, 549-550 


Brain diseases, frontal lobe defects, 3 4 6-347 
hemorrhage (sec Cerebral hemorrliaje) 
interference witli consciousness, 314 
metabolic, 1847-1853 
occipital lobe defects, 349 
parasitic cysts, 1819 
parietal lotic defects, 143-349 
speech defects caused by, 374-375 
subacute combined desecration of spinal 
ford and brain, jS4>-I847 
Itmponl lobe defects. 347-343 
thrombosis (see CCTCoral thrombosis) 
tnumatie, 1795-1803 
fSee abo flead ingury) 

Brain hemonhage (see Cerebral hemor- 
rhage) 

Brain itiiury, 179S-180S 
concussion, 1796 
repeated (punch drunk), 1803 
contusion, 1796, 179S 
(See also Head iniuiy) 

Bram stem, lesions. 29> 

sensory disturbances, 267 
nuclei, 268 
syndtomes, 296 
Brain tissue, infarction. 1747 

(See also Cerebral thrombosis) 

Brain trauma, epilepsy caused by, 337 
hemorrliagc in, 1788 
Drain tumors, 1811-1829 
cbssification. 1811-1813 
confused Mth ittoke, 1792 
epilepsy caused by, 337 
beada^eand, 22, 26 
hemorrhage m, 1789 
sod hydioetphalus, 1727 
management of patients. 1816-J8I7 
papilledema and. 27 
with pobeythemu, 1305 
produong seizures, 1817-1525 
^ treatment, 1826 
Bieast, atrophy, m cirrhosis, 157 
earcitioma metastases (tom, 1697 
eongenitol anomalies, 680 
development, 680 
liotmone action. 630-681 
precocious, 63) 
diseaies, 6S0-685 
eosinophilic granuloma, 682 
fat necrosis, 682 
nbrocystic aiseose, 632 
iniecLious, 681 
inflammatory lesions, 6S1 
mammary duct ectasia, 6S1 
mastitis, 681-682 
tumors, 632-635 
beoign fibroadenomas, 632 
benign intraductal papillomas, oaZ 
careinoma, 682-6S'4 
_ sarcoma. 682 
Breath-holding spells, 1745 
Breathing, assistM. in carbon dioiide narco- 
ais.1523 

In tcspintory insuBinency. 1575 
work of, 109 

(See also Artificial respiration, Respiia- 
fion) 

BretyUmn toysvlate, hspertewion and, 1357 

Dnlt s disease. ilOo 

British anti lewisite (see BAL) 

Broadbenfs law, 242 
Broca'i aphasu, 346. 376 
Brodic's abscess, 89? 

Bromidefs), in acne, 1931 
poisoning, 820 

teartiotw aisoculcd witli, 1272 
Eromo Sdtzcf as cause of sulfliemOclODine- 

Bromsulphalein tests. 161-162, 16S3, 1694 
and amyloid deposits, 1696 
■n carcinoma. >693 
colon, 1654 
m cholecystilis, 1711 
in eitfubrory eohapre, 159 ,, 

in Diibin lohnson lyndrome. 1700. 1701 
and fatty Iner, 1695 
and liver congeition. 1694 



Bromsulphalein tests, in lupoid liepalitls, 
1677 

normal wlucs, 19-1-} 

Brondiial asthma, distinction from emphy- 
sema, 1520 
emphysema and, 1518 
polyarteritis and, 1891 
(See also Asthma) 

Bronchia] obstruction, atelectasis and, 1552 
bronchiectasis and, 1549 
cigarette smoking and, 1574 
corticosteroids and, 1574 
lung abscess and, 1554 
Bronchiectectasis, 1548-1554 
agammaglobulinemia and, 1549 
anomalous pulmonary arteries and, 1550 
brain abscess and, 1047, 1 551 
bronchial obstruction and, 1549 
bronchul pneumonia and, 1549 
bronchography and, 1550 
dmical manifestations, 1550 
clubbed fingers and, 1550 
cor pulmonale and, 1551 
coune of, 1551 
cylindrical, 1 549 

cystic fibrosis of pancreas and, 1549 
diagnosis, 1551 

distinction from chronic bronchitis, 1 550 

emphysema and, 1549 

etiolofy, 1549 

M- innueoaae in adults, 955 

hemoptysis and. 123, 1551 

and hypertrophic osteoarthropathy, 1920 

Kartagener's syndrome and, ] 549 

lung abscess and. 1549 

pathogenesis, 1 549 

pneumonu and. 1551 

postural drainage and, 1552 

pseudomonas bacilli in, 935, 1 549 

pulmonary function and. 1550 

pulmraai^^^uestration and, 1550 

sinusitis’ and, 1513, 1550 
sputum and, 1550 
staphylococcus and, 1549 
treatment. 1552 
surgical, 1552 
tuberculosis and, 1549 
tubular, 1549 

Btoncliiolar ardnoma, abeobtopillaty 
block and, 1 526 

Bronchiolitis, emphyutna and, 1518 
silo filler's disease and, 1533 
Bronchitis, chrome, 1514-1516 
air pollution and, 1 540 
bronchographyand, 1516 
bronchoscopy and, 1516 
cigarette smoking and, 1517 
clinical manifestations of, 1515 
definition, 1510 

distinction from bronchiectasis, 1 550 
emphysema and, 1517 
etiology of, 1515 
occurrence of, 1515 
pathology of, 1515 
nneopeand, 1516 
and cystic fibrosis. 1667 
If influenzae, 95 t 
mitnl stenosis and, 1437 
tuberculous, 1015 
in Irphoid, 940 
Bronchodflator drugs, 1574 
Btonchogenic carcinoma, adenocarcinoma, 
1560 

air pollution and, 1 560 
broneliicctasis and. 1549 
Cigarette smoking and, 1560 
diagnosis, 1560 

otrapulmonary manifestations, 1560 
lung abscess and, 1 554 
xiavm. 1560 
Broncliogenic cysts, 1 570 
Bronchography, in bronchiectasis, 1S50 
in chronic bronchitis. 1516 
Broncliolithusis. Ii-mph nodes and, 1553 
treatment of, 1554 
in taberculous, 1017 


Bronchopletiral fistula, empyema and, 

1 553 

in tuberculosis, lOH 
Bronchopneumonia, from ascartasis. 1213 
pneumococcal. SSS 
(See alio Pneamonia) 

Bronchoscopy, bronchiectasis and, 1550 
bronchogenic casemoma and, 1560 
in chronic bronchitis 1516 
Bronchospasm in emphysema, 1574 
Bronchus, adenoma. 1561 
carcinoid. 1562 

carcinoma (see Bronchogenic carcinoma) 
cylindroma, 1562 

BioivnSfquard syndrome, 54, 246, 266 
Brucella abortis, 960, 16S4 
Brucella mehtenisis, 960, 1684 
Brucella suis, 960. 1^4 
Brucellosis, 959-963 
chronic, 962 
epidemiology, 960 

and liver granuloma, 1633, 1684 
healing and cirrhosis, 1M5 
and pneuTnocbCcal infection, SSS 
prophylaxis, 963 
serologic reactions. 961 
treatment, 961-962 
uveitis and, 417 
Bruit(s). Hll 
aortic, in hepatic tumor, 153 
(See also Murmur) 

Bruit de diable, 203 
Bninhilde (polioiinisl. 1139 
Bubo. 1027 

in cat scratch disease, 1 179 
in chancroid, 959 
climatic, 1177 

in lympbomnuloma \eneieum, 1177 
in plague, 967 
satellite (syphilis), 1070 
in tularemia, 964 
Bubonic plague, 966 
(Seeaiso Plague) 

Budd-Chtan syndrome, 1670, 1703 
Buerger’s disease (see Thtomboangiilis ob 
Tiierans) 

Buerger's eacteues, 1373 
Buden in solutions. 463 
“Bull neck*' m diphtbeiu, 934 
Bullae. 74 
definition, 1557 
emphysema and, 1557 
Bundle branch block, 1405 
electrocardiogram and, 519 
Bundle ol Kent, 1402 
Bunyamvera virus, 1195 
Burdwan fever, 1202 

(See also Leishmaniavis. visceral) 

Burning feet syndrome, 274, 1843 
Burns, severe, as cause of leukcmoid pic- 
tor«^133l 

'Duriowing ulcer,’' 925 
Bursitis, 1922-1923 
phar^gcsl. 1512 
Busulfan in InLcmu, 1333 
Butanol-extractable lodme. 5S4 
in hypcrttiyioidism, 59) 

Butozohdm, 1704 

reactions associated vtith. )273 
in rheumatoid arthritis, 1912 


and Incr ca r ci n o ma, 1697 
Cadmium, 4S9. 497 
poisoning, 6)3 
cal s.gns, 15SI 
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Cadmium oxide fumes, pneumonitis and. 
1542 

Ca/d au bit skin, 789 1040 
Caffeine poisoning, 821 
Caisson uork, decompression in, 845 
CaUbar swellings, 1225 
Calaferol (vitamin Dg) m bone melab 
olism, 697 

Calcification, arterial, in pseudoxanthoma 
clasticum, 1887 

cerebral, in toxoplasmosis, 1209 
hicr. hemangiomas, 1697 
renal, in hypervitaminosis D. 553 
Calcinosis in scleroderma, 1897 
Calcium, bilirubinate, in duodenal aspirate, 
1710 

blood leiets, and dietary alkali, 1 59S 
in liver disease. 155 
in body fluids. 690 
in bone, 692-694 

deficiency, in obstructive laundice, 153 
in pancreatitis, 1665 
(See also Hypocalceraul 
depletion in pregnancy and bctation, 

714 

gallstone content, 1710 
in liypcTparathyToidism. 604-605 
in hipoparatliryroidism, 600. 601 
administration of. 602-603 
and iron absorption, 1 2”9 
metabolism, endocrine hormones in. 
69'’-699 

para'hyyoid hormone in, 696-69’ 
vitamin D in. 697 
neuiomusculat action, 237 
in osteomalacia. 710. 711, 714 
absorption, "J 1-712 
excretion, 712 

parathjToid Iionimne regublion of. 499 
plasma calcium-phospliate rchtionslnr 
690-691 

plasma disturbances, diseases nilh, 6h(), 
601,605 

lerum, normal value, 1943 
in teeth, 693 
la tetany, 600-601 
m trine, normal values 1947 
Calcium laibonate for gastric acidity. 1 595 
Calcium gluconate for itclimg lonirul, 1*14 
Calcium regulating cumpouiidt, 602 
Calciinii test, iniravenoiii, 606 
Calculi ucv Cholclilliusis, Ncphrolithti 

Caloric intake, 194 
alcohol sources and cirrhosis, )6S6 
for chruiue gastritis, >613 
Calonc nquirimenfs, glucose infusion. 

1635 

■ CTamel nose.' 1204 
Camoquin in mabru. 1202 
Campnoi poisoning, 821 
Camptocormia, $3 

Cancer, age factor, 12S. 132, 15S4, 165> 
1665.1717 
and amebiasis, 1655 

and ancoiia, 144. 1615, 1620. 1621, 16') 

and anorciu, 125, 1620, 16J4 

and appendicial abscess, 1655 

and aprcndieitis, 163S 

and ascites, 1615. 1632, 1665, 169*, 

1693 

asymptomalic, 1616 

and biliary cirrhosis, I653._ 1717 
and bilury obstruction, 153, 166s, l“i'>. 
1713. 1717 

...J bleeding, 16 

aid Mood gimips. 1 . . . 
and bowel habit change. 143. 1653, 

1654 

and carcinoids. 16>5 
and cardiospasm, 1 557 
cliemotlicraps, and alopecia. 86 
and tlio'ccs'f.'iv, 1655 
and cbo'et.tbu'.s. 1655 
and co’itii. 1652. 1655 
and cotivipa’ion, 143. 1655. 16/,' 
dugiuMis. 1554. 1615-1616. 1654. lUi 
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Cancer, diagnosis, differential, 12S, 129, 
1579. 15S7. 155,9, 1M0-16U. 1616. 
1619, 1633, 1645, J646, 1655, 1667- 
1669 

and digcslne tract pain, 1579 
and diveitictilitis, 1646 
and duodenal ulcer, 1655 
and displugij, 132, 135, 1584 
and endomctnosis. 1655 
etiology, 443-^44 

familial Icndcno, 1 592, 1614, 1653 
and fecct, 67-6b. 1663, 1697, 1717 
and sallstoncs, 1668, 171 1 
end gastric ulcer, 1610-1612, 1655 
and ejslntij, 1614. 1619, 1646 
and liepatie tein llirombosis, 1703 
’ licpafoin ' 

1693, 17. . 
and iltocolitis, 1650 
incidence, 444, 1614, J6S2-16S3, 1696, 

mi 

and indigestion, 123. 129 
and mfbmmatian. 1651, 1653, 1654 
and tiuodiee, 153, 164. 1667, 1668, 
1697, 169S„17U2, 171! 
inetaslases, 1615, 1620-1621, 1553, 
1654, 1697, 1693. 1699, 1717 
nausea in. 137, 1615, 1667 
and other ttiiUsnanl tumors. 1620-1621, 
1655 

and regional enteritis. 1655 
lyraptomt, 125, 128, 129. 137. 144, 
1584. 1615. 1622. 1632, 1653. 1655, 
1663, 1693 

treatment. 143, 1584. 1613, 1616-1618, 
1653, 1656 
and tnbereulosu, 1655 
and ulceralise colitis, 1655 
and ureinia, 1655 

and weigtit loss. 1615, 1620. 1654, 1667, 
1668, 1697, 1693 
fffee also Caratioma, Neoplasms) 
Canenim oiu Isec Noma) 

Candida albieaiu. 1062 
Candidians, 1062 
Cannabis, 823 
Cantlnndn. 821 
Capillary h; 

Capsulitis, . . 

Carole. 10« 

(5ee also Yaws) 

Carlsarsone, in anielnasis, 1190 
reactions associated uitli, 1272 
Carboli)dnte(s), avoidance, in dumping 
spdionic, 1617 

Caibolisdiatc metabolism, disorders, 772- 
Ti% 

m liepatic coma, 1 58 
metabolic patliM-ays and lesions, 772 
and pancreas, 1660 
Caiboh)dtate metabolism index, 547 
Carbolic acid preparations, 790 
Caibolocbronosii, 746 

Caibon dioaidc, blood and serum, normal 
s-alues, 1943 

elevated concentrations, 843 
Carbon dioxide ussensilisity sis obstructive 
emphysema, 1525 
Carbon dioside narcosis, 1 323 
osygen and. 1523 
oxygen therapy and, 1575 
treatment, 1 523 

Carbon dinvidc tension, alieolar scntQa 
tinn aud. 1 10 

Caibon tnaiioxide poisoning, 821 
Caibon tctraclilonde, and cirrhosis, 1680, 
1690 

and tatty liver, 1691 
and bepalilts. 1630, 1704 
poisoning, 331 

Catliuiuc inoydtise. 494-495 
CatbosjhcinoRlobin, 821 
Caiboxypcrlidase, riPC in, 495 
Cjitunclc, tcnil. 1014 
slapliylcKoctal, &96 
Cjihiila iiidi; and hepr[i[ii, 1704 
*Kmoid(s), anal, 1655 


Caranr^fsl.and duodena] nicer. 1594 
ittiMicmou) awl rectom, 16$3 
Carcinoid adenoma of Itfoncbut, 1 562 
Carcmoid syndrome. 755-758, 1442 
carcinou] tunuyr, 756-757 
elinicai feature^ 756 
diagnosis, 757 
management, 757 
prognosis, 757 
Carcinoid tumor. 756-757 
asthma associated nith. 1265 
metastasis, 757 
Caremoidosi^ 753 

Caictfloma, acantbosts nigricans and. 789 
amMlIa of VatCT, 153 

dinical feature^ Codings, table, 1663 
symptoms, 1667 
Andhra, 444 

Ol anus. 1616. 1634. 1655 
back pain and, 50 
basal ctl^ 445 

of bik ducts. 1696, 1701, 1717 

ctmKal featnres, findings, table, 1668 
and User changes. 153 
of brain, tnetasiatic. 1819 
of breast. 6S2-^3i 
uietaslasis, 1697 
broAchogenie, 1549. 1554. 1560 
of cecum. 1653, 1653 
ef colon, 1620. 1653-1635 
diseases associated nith, 446 
of esophagus. 132, 1584, 1589 
of p^Mbtadder, 153, 1698. 1701. 1711, 

gastrodui^enal. 1 390 
intiaepitheli^, 445 
of leiunoileum. 1632 
of kidney. 1307, 1655 
of Earyns, 1514 

of liver, )25. 164, 1670 1696-1697 
ofluns. 1560-1563, 1697.1698 
tiiicding and. 444 
{See also Bronchogenic carcinoina) 
of naries, 1512 
of nasopltarjox. 1512 
of panCTcas. 1644, 1667-1669 
of parathyroid. 604, 609 
of pharynx, 1589 
polymyositis. 726 
ol prostate. 69D 
back pain and, 52 
radialion mjury, 854, $55 
of rectum, 132, 1653-1635 
Sehneelicrc. 444 
in airu. 44> 
of skin 1934 
0's asnab irittsline.YVy2 
of stomach, 1614-1618 
fbee also Stomach) 
of thyioid. 133. 596-597 
of tongue, 134 
of olerus, back pain and, 53 
(See also Cancer) 

Carcinomatosis, alveolat-capillaiy block and, 
1526 

of lung.Iy’snphaneitic, 1528. 1563 
Catemomatous ccstbellu degeuetation, 

1867 

Cardetmsem (nosobracin). 876 
Cardu. balloon tamponade for massne 
bleeding, 1689 

icsectnn ni esophageal vans licmcirThaec. 
t689 

Cardiac asthma, 1182 
Cardiac betibeti, M6, 1461 
Cardiac cathcteiizalion, in congenital heart 
disease. 1418 

intraeardiaesbonboid. 1420 
of felt side, 1440 
Cardiac einliMs (see Cmhosa) 
Cardise^Gonluston, dedtocardiogram and, 

Cardiac decom p enntion, m faactcrul endo- 
carditis. 1D4I 
in diphtbMia, 983 
m kabazar,1201 
(See also tfeacl failorr, congestive) 


Cardiac disease (see Heart disease) 

Cardiac edema, diagnosis, 1334 
Cardiac failure (see Heirt failure) 

Cardiac insufficiency (see Hart failure) 
Carduic output, blood pressure and, 1 347 
cor pulmonale and, 1 538 
diminution of. 97 
murmurs and, 1412 
normal values. 1944 
Cardiac resenc. 1378 
age and, 1 378 
Cardiac syneope, 306 
Cardiaco negro, 1303 
Caidiomegaly, familial, 1465 
Cardiospasm, 1587-1568 
definition, 1 587 
diagnosis, 132, 1587 
and dysphagia. 132 
symplonis, 132. 1587 
treatment, 1587-1588 
Carotencfsl, as precursors of vitamin A, 
548 

serum level. 787 
and fat absorption, 141 
Carotenemia, 787 
in myxedema, 585 
Carotenoderma, 787, 790 
Carotenoids, serum, normal values, 1941 
Carotid alien, internal, headariie and, 15 
Carotid insufteienoy, ophthalniodynamon*' 
etiy and, 419 

Carotid smus syncope. 306 
Carpal tunnel syndrome, 55 
Cameis, 861 
in Asiatic eholera, 951 
m bacillary dysentery, 949 
in dipbilteria. 987 
Undamoeba histolytica, 1 196 
meningococcal. 924 
m poliomyelitis, 1 1 19 
Kilmonella, 948 
m streptococcal infection, 903 
in typhoid fever, 942 
in viral hepatitis, 1677 
Camon's disease, 976 
(See also Bartonellosis) 

Castration, 675, 676 
effect on hair gronth, 86 
Casts, urinary (see Cylinclruria) 

Cat scr.itch aisease, 1178-1179 
treatment. 1179 
Catalepsy, 327 
Cataplexy, 326 

Cataracts, in bypoparathyroidiun, 601 
in mongolism. 1742 
in myotonic dystrophy, 733 
Irom naphthalene, 826 
in tuberous sclerosis, 1733 
Catalonu, 365 , 

Catethol amine*, reaclmly to, in typtioi®- 
940 

Caterpillar ortieana. 1244 . 

Cathartics, habitnalion, and digestive tra^ 
function. 130 

interdiction for imlablc colon, 1644 
intestinal tract blood clearance. 1690 
in poisoning, 817 , . 

Catheterization, cardiac (see Carduc caK'' 
etcnzalion) 

Cafliomycin (novobiocin), 876 
Cation concentration m body fluids, 450 
Otron, 1705 

Causalgia, abdominal pain and. 43 
causing pain in cxliemities, 59 
Cavernous sinus tliroinbosis, 1512 
Cecum, carcinoid*. 1654 
carcinoma, 1653 
detection, 1615 
diverticulitis. 1646 
entenlii, 1628 _ 
gas fionv smaU vnleslme, 1639 
pain iliinuh. 1639 
perforation. 1654 
from colonic obstruction. 1639 
subacute obstruction, 1657 
tuberculosis imotvcmeiit, 1650 
volvulus. 1656 



Ccliac disease, adult, 5S>. 560 
and diarrhea, HI 
CclluUtw, cloitfidul,99> 
of orbit, ■424 
subphrenic, 103J 
Centipede bite. 1244 

Ccnfnl ners-ou$ s>-stcm (see entries under 
Nenoos sj-stem; also Autonomic nerv- 
ous s)-stcin, Motor sj^stem disorders, 
Sernory disorder)) 

Central vein of retina, gboeoma, 423 
Ccplia)m<hoIesterol floceulation test, 163 
in amyloidosis, 1696 
m biliary cirrhosis, 1693 
in carcinoma. 1693 
and chobnsiti) pcnistence, 1713 
in cirrhosis, cardiac, 1694 
Lacnnccs. 1637 

in Dubm lohnson syndrome, 1700 
in hepatitis, drug induced, 16SI 
normal values, 1944 
Cephalosporium, 1066 
Cerebellar ataxia. 233 
in liepatolentieubr degeneration, 771 
Cerebellar degeneration, IS67 
m alcoholism, S02 
tropical eosinophtlb and, 1536 
Caebclbf put, 231 
CcTcbclbr nemonliage, 1781 
Cerebellar syndromes, 233 
Cerebetlopontme angle syndrome, 1S23 
Cerebelloretiiul hcmangiobbstomatasis, 

1733 

Cerebellum, disease), 

Cerebral aneurysm (see Aneurysm) 

Cerebnl arteries, inflammatory diseases, 
17S9-1791 

Cerebral artery syndromes, 1751-1767 
antenat cerebral artery, 1734 
anterior choroidal artety. 1734-1756 
basOar artery, 1763-1767 
internal carotid artery. 1756-1757 
middle cerebral artety, 1751-1754 
posterior cerebnl artery, 1737-1763 
Cerebral ataxia, 634 
Cerebral atonic dipWia, 1739 
Cerebnl atrophy, I8s5 
Caebnl cortex, motor area. 242 
Cerebnl disotden (see Dram diseases) 
Cerebnl dominance, 375 
Cerebnl edema, traumatic, 1799 
CcTcbtai embolism, 1776-1779 
differential diagnosis, 1793-1794 
hadache and, 23 

and recurrent caebnl ischemia, 1775 
Cerebnl hemisphno, 1752-1753, 1759 
Cerebral hemonhafc. 1779-1789 
from angioma, 1787-1788 
auscs, 1780 
deflnition, 1747 

differential dugnosis, 1793-1794 
dysphagia, 133 
epidural, acute, 1801-1802 
headache and. 28 
liypertensive, 1780-1783 
immediate and delayed, 1803 
pontine, 1781-1782 
putaminal, 1781 
subarachnoid, 1784 
thabmic, 1781 
traumatic, 1783-1789 
in turnon, 1789 

Cerebral ischemia, recurrent, 1772-1775 
and syncope, 307 

(See also Cerebral artery syndromes) 
Cerebral malatu, 1200 
Caebral palsy, 1734-1740 
Cerebral sclerosis, degenerative diffuse (leu- 
kodystrophy), 1861-1862 
diffuse, 1837-1838 
Cerebral spastic diplegia, 1735 
Caebral thrombosis, 1743-1772 
with atherosclerosis, 1749-1751 
causes, 1743-1749. 177_5-177_6 
differential diagnosis, 1/93-1794 
headache and, 28 
ticatmenl, 1770-1772 


Cerebral thiombo^ bcatment. anticoagu- 
lants, 1771 
surgery. 1771-1772 
Cerebral traama (see Brain trauma) 
Cerebrocaebellar degeneration, 1858 
Ccrebrocnprctn I, 492 
Ccrebrosidcs. 778. 782, 1696 
in Caueba's disease. 7SQ 
Cerebrospinal fluid, absorptMO, 299 
in aseptic meningitis \)36 
in bacterial meningitis. 1045 
"bloody tap," 500 
in brain abscess, 1048 
in cerebral hemonhage, 1782 
in ctrebrovaseubr disease, 1792 
chemical changes, 301 
eircublion. 299 
m coma. 317 
cy tologic ciiangcs, 501 
in eastern equine encephalitis, 1155 
fnrmatmn, 298-299 
in Gambian trytianosomtisis, 1206 
in head iniuiy. 1797 
in herpes simplex cneepbalitis, 1172 
m herpes roster, 1 169 
in lapanese B cncephaktis, 1 1 56 
in leptospirosis, 1036 
in lupus ciylhematosus, 1894 
m lyinpbo^ie clxitiofnenmgitis, 1137 
in measles encephalitis. 1159 
in mumps meningitis. 1181 
m mutme typhus, 1104 
in Murray VallcT cncepliaUtis, 1156 
in myxedema. 5»6 
in neucosyphilis. 1073-1076 
normal value^ 1943 
in pleurodynb^ 1132 
in poliomyelitis, 1141 
in polyarteritis nodosa. 1892 
pressure, dynamics. 300 
headache and, 25 
in rabies, 1 1 50 

in Rocky Mountain spotted fever, 1097 
m Russian ticL-bome encephalitis, 1156 
in St Louis enceplulitis, 1155 
in toxoplasmosis, 1209 
in vital meningitis, 1136 
in nestem equine encephalitis, 1155 
xanthochromia m epidural abscess, 1050 
Cerebrospinal ihmorthea, 1 51 1 
Cerebrovascular diseases. 1746-1795 
dcflmtion, 1747 
in diabetes mclhlus. 641, 656 
dianosis, 1791-1795 
epilepsy caused by, 536-533 
Cerebrum, functions, 346-350 
frontal lol^ 346-347 
occipital lobes, 349 
parted lobes, 348-349 
temporal lob^ 547-348 
Cerium and bone mebbohsm, 700 
Caoid storage disease, 783 
Ceruloplasmin, 491, 493, 753 
in W'ilson’s disease, 769 
Cervical cauteiization, 637 
Cervical disk, compression of spinal cord 
, by, 54 
herniation, 54 
Cervical rib, pain and, 55 
Cervical spine, anatomy, 54 
back pain and, 53 
Cerv ieitis, gonoeoccaL 929 
Ccstode infections, 1232-1237 
Chagas disease, 1207-1203. 1465 
in blood transfnswn, 1203 
cardiovascuhr involvement ui, 1207 
and megacolon, 1641 
neurologic lesions ui, 1207 
serologic reactions, 1207 
treatment, 1208 
Chagoma, 1207 
Chancre, m kala^zar, 1205 
soft, 959 
in s^bilis, 1069 
in trypanosomiasis, 1206 
Chancre complex 75 
in anthrax, 974 
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Chancre complex, in cat-scratch disease, 

1179 

diffcicntialiDn diagnosis of, 965 
m sporotrichosis. 1061 
in tularemia, 96-f, 965 
ChanCTOid, 95S-959 
treatment. 959 
Chapping of skin, 82 
Clmbon 973 
(See also Anthrax) 

Charcot joint, 1072 
Charcot Leyden crystals in stools, 1215 
Charcot Mane-Tooth disease, 1870, 1878 
Charcot's intermittent fever, 69, 1703, 
1707 

coliform bacteria in. 931 
Chaulmoogra oil, 1022 
Chalosis, in ariboliavinosis, 537 
and oral ulcers, 1581 
in pellagra, 544 

Chemical agents, m aplastic anemia, 1 324 
in granulocytopenia, 1323 
in hemolytic anemia. 1289 
in hepatitis, 1704-1705 
poisoning by, 81 5-833 
toxicity, 1704-1705 
Chemical potential of body vvata, 451 
Chcmoprophylitis, 692-333 
Chemosis, in cavernous smus thrombosis, 
1046 

in mucormycosis, 1063 
in scicredema, 1901 
in trichioosis. 1222 
m Wegener's granulomatosis. 1900 
Chemotherapy, of infectious disease, 868- 
8S7 

complications, 883-835 
in leukemia. 1332-1335 
misuses, 885 
Chest pam. 31-39 
abdominal disordersan^ 38 
acute cholangitis and. 40 
alleviation of. 37, 39 
approach to, 36 
arising, m chest reaD, 37 
in pectoral muscles, 3S 
in splenic flexure, 39 
behavior, 37 
biiarre radiation, 31 
classiSation, 32 

coexistence of angina end skeletal pam, 33 
cor pulmonale and. 1539 
differential diagnosis, 36 
duration, 33 

emotional disorders in, 33 
episodic, 36, 37 
exeicise and, 37 

m familul Mediterranean fever, 12>2 
gastrointestinal x rays and. 39 
hiatal hernia and, 39 
hyperventilation and, 33 
inflation of colon and, 37 
inflation of stomach and. 37 
intercostal cramp and. 38 
Icft-ann myth and, 32 
left arm radiation of. 37 
local movements and, 33 

localized tenderness and, 38 

myocardial orygen deficiency in, 32 
novocame infiltration and, 37 
observation during. 37 
prcapitation of. 39 
pressure on chest and, 37 
production of, 37 
prolonged, 36 
recurrent, 37 

response to nitioglvcerm, 37 
spinal arthritis and, 37 
subphrenic abscess and, 40 ^ 

Chest nail pam, angina pectoris and. aS, 
1445 

chest pam and, 37 
electrocardiogram after exercise, 3S 
Cheyne-Stoko respiration, aivcobr hypo 
ventiblion and, 1521 
in brain diseases. 1767, 1782 
jncoma. 312, 315 
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Ch<yne-SlQlet trtpitalion, U«tt f34lute and, 
1335 

uremia ami. 160 
Cliiasinal s'lmlionx. 1S24 
CliitltTirci («e Van«5hl 
Clngsw. 1244 

m scrub typhus, 1106 
Chilun$un)a (ever, 1194 
CliiUicn, brara tamon. 1521-1821 
delay m walking. 247 
mental relardition. 1740-1744 
motor duhiitancei, 1734-1740 
cttcbral spastic oiplcpa, 1735 
chofcosllietosis, 1737-1733 
conienital ataxia, 1738 
extrapyianiida! ssiidremca. 1737 
Eacod paralyses. 1739-1740 
infantile liemipicgta. 173S-1736 
qiiaJripIegia, 1736-1737 
neurologic testing, 1722-1723 
paroxstmal nersous disorders, 1744- 
1746 

neurology, 1725-1746 
spcceli disorders, 378-379 
CbiUs, «i amtbic abscess, 3W7 
from amphotericin, 873 
in bacillary dysentery, 950 
aiul baetereinia. 56S 
IT) bacterial endocarditis, 1040 
m biliary cinliosis, 1693 
III biliary obstruction, 1702, 1713 
in biliary stasis and infection, 1707 
and tane«, 1668 
in ebeUngiiis, 1702, 1703, 1711 
thoteeysfeetomy indication, 1716 
in cboieostitis. 1711 
in choledocbolitbiasis, 1711 
in clostridial infection, 997 
in Colorado licti fesei, 1190 


...a. lit. 

m epidemic bemorTbanc fever, 1 187 

m ejiideniie typhus, 1105 

m siandeis, 969 

m liejiatie tuberculosis, 1684 

in infectious mononucleosis. 1633 

m tnOuenza. 1124 

■n Japanese B encephalitis, 1 1 56 

in leptospirosis. 10s5 

in malaria, 1200 

m melioidosis. 971 

m mutme Isplius, 1103 

in Morras Valley encepbaliiis, 1156 

111 nocardiosis, 1064 

in pUIcbatamus fever, 1191 

m plague, 967 

III pleurodynia, 1131 

m pnciimocoeci'i pncumona.bbb 

in psitfacons, 1127 

in pjelonephntii. 1037 

in pylephlebitis. 1705 

and pyogenic abscess, 1698 

in tclapsmg fever, 1089 

■n riclrttsialpox, 1101 

in Rocky Mountain spotted fever, 1096 

in rubella, 1160 

m St Louis encephalitis, 1155 

in scrub tsphiis, 1 106 

in fmallpox, 11 m 

in stanbylococcal osteomyelitis, 897 
in Stills disease. 1914 
in StiepfohaciWus iiioniWonnis infection, 
976 

in lubereiilosis. 1003 
m typhoid fever, 941 
III vcticvilar stomatitiv. 1174 
in viral liepafilu, 1673 
in Weber Cbnstian disease, 1900 
in West Nile fever, 1192 
Chiropractic treatment, harmful elTects, 54 
Clilaniydosnorcs, 1031 
CbUavma.TS 
Chlossnia tilerinum. 789 
Chloral liyxliate, poisouins. 822 
rracsions awocufril xvitTi. 1272 
Chlosambucvt.anJ bepatsUv. 1704 
anl lenkeniij. 1333 
y arvil lymphomas, 1 HI 


Chlotamphenicol (CbtoiQiRycctml, B75 
as cause of aptashe anctma, 1325 
and hepalilis, 1704 
reactions assocuted with, 1272 
vn typhoid, 941 
m vlccrativc colitu, 1651 
Clilorancmu, 1273 
Chlordane potsorung. 823 
Chtoihvdsia. 1501, 1614 
Clilor>ae(t), deftaenry, in excessive von 
itme, 135, 136 
pain in cxtrerniiies and, >9 
»n gastric pyice, noi^ xahics, 1944 
scrum, normal valncs, 1943 
ChloiofoiiR and hepatic lesions, 1680, 
1690, 1704 
CblorOrna, 1130 

differential dugnosa, 615 
ChlurorDycetin (tec Chloiampbenicol) 
ChiorOquine, in anhyilimiaa, 1 397 
effect on hair color. 86 
reactions assonaied with, 1272 
Chtor^Dine diphosphate, m amebtass, 

contiavndicatioo in piotiatit artbnhs, 
1916 

m discoid lupus, 1934 
m ciardtasis, 1212 
m lupus erythematosus. 1896 
in malana. 1202 

m pobmorphic light eruption, 1935 
m tbeumaloid aitliritis, 1912 
toaicrty, 1202 
Chlorosis, 1278. 1279 
Chlorothiazide, heart failure and, 1389 
in Lacnnec'i cinhosis. 1688 
plioloscnsitization by, 1934 
potassium depletion and, 1 389 
Chtorprornazine. 151 
and colieless izundicc, 1713 
and hepatic lesions. 1681, 1691. 1705 
viral hepatitis differentiation, 1676 
reactions associated with, 1272 
Clilonropamide, in diabetes inelbtus. 


Cholecystitis. 1711-1711 
acute, 1711-1712, 1714 
age factor, 1711 
in atypical. 1712 

and appendicitis, 1638, 1646, 1711 
and biliary colic, 1711, 1712 
and cholcdochohihiasis, 1711 
chronic. 1712-1713 
complications, 1712 
and coronary disease, 1711 
in diabetes mellitus, 653 
diagnosis, 1711 

differcnlj^, 1711-1712 
and gallstones, 1711 
heart failure in. 171 1 
mesenteric occlusion in, 171 1 
noncalcuious, 1712, 1713 
and pancreatitis, 1711, 1712 
and peptic ulcer, 1711 
and pleural disease, 1711 
in Polyarteritis nodosa, 1891 
and pulmonaiy disease, 1711 
and pychtis, l/J 1 
from salmonella infections, 1717 
symptoms, 1711, 1712 
treatment, 1712-1713 
antibiotics, 1714 
typhoid, 940 

Cholem’stolinin for pUbladder rmpRinS- 
IW 

Choledocholithtasis, 1701, 1702 
and biliary rohe. 1713 
and chrutuc stricture, 1714 
diagnosis, 1713 
and gallstones, 1710, 1711 
symptoms, 1713 
treatment, 1714, 1715 

Cholcelobin, 203 

Cholelithiasis, and bilian' dyskmesu, 1716 
I diabetes melhtus, o53 


diamostjc procedures, 165 
and profnis bacilli, 933 


645 

end hepatitis, 1704 
Chlartetcacycline (Aureotnyem). 874 
and hepatitis, 1704 
toxicity, 874 

Chlorothiazide, and hepatitis, 1705 
hypertension and, 1357 
Ctioles syndrome, 844 
Chrytingiography, 165 
bile duct and plibbdder visualization, 
1708-1709 

Cholangiolilic hepatitis, 1670, 1675, 1676, 

ClioUngiomas. 1696 

(See also Bile duct, cancer) 

Chobngibs. 1702-1703 
acnle, 1701, 1702 


bacterial oiigin, 1702, 1703, 1717 
and biliary obvtsuebon, 1676, 1701. 1 702. 
1713. 1717 _ 


chest pain and, 40 
and cholecystitis 1712 
in cfiolcdochnlilbiasis 1711 
ctrrboiii, 1692 
diagmwis 1703 
and cchinococros evsts, 1717 
features, 1702-1701 
and galbtones, 1711 
and inlcnnillcot ague, 1707 
m liver disease dasaficatioii, 1670 
liver function tests. 1701 
pain localization, 1702 
and pylcphcbilis, 1701 
suppurative fever, 152 
treatnvtnl, 1702. 1701, 1714 
Cholangitis ieiitJ. 1702 
Clioiccyjtectomv. 1711-1712 
and common duet tnitu}. 1714 
for gallstone zemoval, 1715 
indication for, 1711. 1716 
patient Kdtctmn. 1715 
postoperative syndnnne. 1716 
treatment, 1716-1717 


symptoms. 171- 
and irntakle colon, 1644 
(5cc also Callstones) 

Cholemia, 1 58 
Cholera, Asiatic, 951-951 
prevention. 953 
treatment, 9 52 
vaccination. 953 
bacillus, 051 
carriers, 951 

Cholestatic hepatitis, 1625 
Cliolestatoma and proteui bacilli, 933 
Cholesterol, angina pectons and. 1449 
alherosdeTOSis and. 1161, 1162. 1164 
m bile, and stone tormation, 1710 
and bilury obstruction. I702 
m cirrhosu. 1675 
biliary, 1691, 1693 
Lacnnec’s, 1687, 1691 
postnecrotic, 1691 
m infectious mononucleosis, 1633 
in laundicc, 163, 1637 
pallivvayt at synthesis. 481 
serum, 163 
normal values, 1943 
testosterone lowctme effect, 1693 
and xanthomas. 1692 
(See aim Hyperchofesterotcmia) 
Cholinergic agents, esophageal innervation. 

Choline in Lacnnec'i anhons, 1635. 16S5 
Ciioliiiergic imbalance and biliary dys 
kinesia, 1716 

Cholmesterase iti neuromuscular action, 

249 

Choluria and common duct obstruction. 
1707 

Chondroma, 1570 
Chondrosarcoma, 1570 
Chorea. 254-255 
differential diagnosis, 259 
In cnccplialitiv Iclhatgica. 1154 
m hcpalnlcnticular dcgcneratian, 771 
hcrwitary, 1557 
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Chorea, Huntington’s, 2-H, 253, 1857 
m peitussa. ^57 
S}tfcnham'$, 214.254 
in tT>-panosomia5is. 120<) 

Chorcoathctosu; congenital, 1737 
la hepatolenticular degeneration, 77J 
Chonocaraaoina (chononepithclioma) 
o\ary, 677, 679 
Chonofctinitis, 419 
in toMpUsmosis, 1209 
(Sec also Uvntis) 

Choioidercmia, inhentance of, 434 
Cliotfas in etiology of cancer, 444 
Christmas disease, 1320 
Ctwishms factor, 219 
Climtmasbcrry poisoning, 819 
Chromafinoina (see Phcocliromocytonia) 
Chromate and lung cancer, 444 
Chromium", tagging of red corpuscles, 

Chromoblastomycosis, 1066-1067 
treahnent, 1067 

Clifomophooe adenoma, 566, 567, 620 
Chromophobe cells, 564 
Chromosomes, in mongolism. 1742 
ID normal males, diagram, 423 
''Pliiladelpliia,’' 444 
Chrjsiasis, absorption, 790 
Chrysopa disealis ant! tularemia, 963 
Clirysolherapy (see Gold therapy) 

Clnoslefc’i sign, 237, 601 
Cliytomieroncmia, 7S0 
Chilomicrons. 779 
Cliyloria in Rlattasis, 1224 
Cliylotliora, lymplisngioma and, 1571 
Chylous sscifes, 154 
Chjlurta, 1506 
"Cigaiette napes” aean, U86 
CigarctleJ (see Smoling) 

Cinchonlsm, 1202 
Cmebophen.and gastric ulcer. 1609 
and hepatic lesions, 16S0. 1690, 1691, 
1704 

Circulation (tee Blood flow) 

Circulation lime, heart failure and, 93 
normal values, 1944 
leloaty of blood (low and, 93 
Circulatory failure, 92 
definition, 93 
emptying load and, 93 
rilling load and. 93 
uremia and, 178 

(See also Pcriplieral circulatory failure; 
Slioefcl 

Circulatory resistance (see Resistance) 
Circulatory syndromes, 93 
Cirrhosis, 153, 16S4-169S 
alcoholic, 16S5 
zme and, 496 

(See also Lacnnec's, below) 
and amcnonUea, 1 57 
ammo acid defieteney, 1695 
With ascites, 154, 182, 581 
atrophic, loss 

(See also Lacnnec's, bc/ow) 
nith Banti's syndrome, 1336 
bacteremia m, 932 
biharr. 1690-1694 
ana allergy, 1691 

and bile duct disorders, 1691, 1692 
and bleeding cwpliagcal varices, 1671, 
1693 

and cancer, 1653, 1717 
classification. lC9i) 
clinical features, 1692 
definition, 1691 
diagnosis, 1693 
drugmduced. 1690, 1692 
extrahepatic, 1691. 1693 
and gallstones, 1711 
liepatomegah, 153 
individual susceptibility, 1691 
and pitmtiis, 153 
sccondaty mtraUepalic, 1691 
scnitn lipids. 163 
after stricture, 1714 
transition from bilestans, 1692 


Cinhosis, biliary, treaWeiit, 169^1694 
and uotbomatosis, 153, Vfft 
Brainsulpha)^ riearancr, 162 
brucellosis complication, 1684 
and canter. 44^ 1653, 1717 
cardiac, 1670. 16S5 
features, 1694 

and hepatic blood flow, 156, 1694 
and hepatic vcm occlosion findings, 
1703 

cholanpolit)^ 1676, 1692 
and constnt4tve pericarditis, 1694 
and cor pulmonale, 1694 
and CruvcObicr-Baumgaitcn syisarome, 
1706 

definitions. 1690. 1691 
in de Toni-Fanconi syndrome, 169> 
and diabetes 1635. 1695 
and diet, 16S5-16S6. 1688. I6S^ 1691 
dincienml dnsnons, 156-157, 16 to, 
1672. 1696-1697 

Lacnnec’s and postnenotic, 1696 J691 
and endoenne disluibanees, 156-1>7 
etiology, 16S4, 1690, 1691 
susceptibility, 1636 
fatty. 1635 

(Sccafso Laenocc's. betow) 
ana fibrocystic disease, 1666 
and gaOstoncs, 1711 
granulomatous, 1690, 1695 
lianot's hypertrophic, 1692 
heart disease and. 1465 _ ___ 

hcmoehroniatosis. 735, /S6. 16/0, 16S5 
and hemorrhage, 144 
hepatobihan' pruritus, 1701 
hepatoecllular failure and coma. 1 5S 
in hypertrophic osleoaitliropathy. 1920 
infantile, 1695 
Loennee*!, 1685-1691 
andcogfiKStrogcn imbalance. 667 
eollaleralcircuLition. 1686 
and cong«tiv« licart failure. Im 7 
and consinclive peiiarditis, 1637 
definition, 1685 

diagnosis, diiffcrentul, 1672, 1690, 

1691 

features, clinical, 1686-1687 
laboratory, 1687 
LE cell test, 1679 , 

and liver disease classification, 1670 
and .\fiota pofymorpfu infections, 

972 

pathology, 1686 
prognosis. 1637 
treatment, 1658-1690 
in tuberculovu, 1634 
lipotropic theory, 1685 
and liver disease clusifieatkm, 1670 
morphologic changes, 1634 
nocluLir, 1690 
and schntosomiaus, 1695 
nutiitional, 1635, 1686 
osteoarthropathy and, 1920 
pcricholangiolitic (see bilory, above) 
portal. 161^. 1635 
ihrombiKu complication. 155, 1705 
(Sec also Lacnnec's, above) 
poitliepatitic. 1676 
postnecrotic, 1670, 1672, 1680 
clinical features, 1690, 1691 
regenerating nodules, 1 53 
residual, 1673 
treatment. 1691 
primary, 1691, 1692 
- -c typo, 1670 
•istosomia' ' 
features. 1 - - . 
patbology, 1695 
seconda^, J691 
in subacute hepatitis 1675 
and thrombosis, 155. 1705 
hepatic soil, 1703 
III von Cicilc’s disease. 1695 
in SVTlson's disease, 1670 
Cwtwn, v!cfinilKm.436 
Claudiniiofu intoreitlent, 57. 1369 
Cleiilacranui dysostosis, dffltal signs, 1532 


Climacteric, female ^see^^enopause) 
Climatic bubo, 1177 

(5ce aho Lympliogianuloma venereum) 
Clitoris, hypertropli)’, 623 
Clonorclitasis, 1230 
C/onarchis sinensu, 1702 
Cioros poisoning, 620 
Clostridial infections, bacteremia in, 997 
puerperal sepsis in. 996-993 
treatment, 993 

Clostridium bifeiracntans, 995 
C/oitridium botufinimi, 992 
Clastndtnm fal/ar, 995 
C/ostridium /nstoiyticwm, 995 
Ciostridium noi-yi, 995 
Clostridium oedetmtienr, 993 
Cfostr/dium per/ringeiis, 995 
sepsis, hcmoglobincima m, 203 
Cfostridmm sepd'cum, 995 
Clostridium sporogenes. 995 
Clostfidiiim lerfium, 995 
Clastrid/iim tcfani. 9S9 
Clostridium iiefchu. 147, 995, 1632, 1693 
food poisonine, 997 
sepsis, hemogrobinetnu in. 203 
Clubbing of fingen (sec Fingers) 

Clubfoot (see Talipes) 

Cluiton’s mints, 1076 
Coaeccletsn, 219 
Coaguljse. staphyloeocnl, S94 
Coapilation (see Blood coagulatmiO 
CoaiwotVers’ pneumoconiosis, 154/ 
emphysema and. 1 547 
progressive massive fibrosis in, 1547 
silicosis and, 1547 
tuberculosis and, 1 547 
Coarebtion of aoita (tee Aorta) 
Cob9lamtn$,4S9,490 
Cobalt, in anemia, 1303 
influence on erythropoicsis. 1303 
mining and lung tumors, 444 
phvsioiogy and oiochemjstr), 489-491 
ana polycythemia, 490 
Cocaine denvalivcs, reactions associated 
wilh, 1272 

Cocaine f^isoning, 825 
Cocndioides immitis, 1056 
Coceidioidm, 1053 
Cocci'dioidomycosis, 1056-1059 
and Addison’s disease, 614 
arthrospores in, 1057 
lever in. 67 

serologic reactions, 1058 
solitary pulmonary nodule and, 1561 
Iteahncnl, 1053 
Cocadiosis, 1212 

Codeine, reactions associated with, 1272 
■'Codfish” vertebra, 1887 
Co-dominance, 433 
Coenzyme A, 479, 430 
Coenaymes, 479 

Coffee, and digestive tract function, 130 
irritable colon syndrome, 1644 
Cogan'i sradronie, 279 
Cogwheel rigidity, 243. 254 
Com lesions of lung. 1561 
Colremidc. 1704 
Colchicine, poisoning. 822 
reactions assocuted with, 1272 
Cold, allergy to. 80 
arteries and, 1372 

behavioral and neural adaptations, 833 
hypersensitivity, 837 
metabolic adaptations, 838 
Cold, common (see Common cold) 
"Cold” hemagglutinin, 1120 
tropical cosmophilu and, 1 557 
Cold iniuiy, 836-^41 
blood and metabolic chances, 636 
cardiovascular responses. 839 
prevention, 841 

lime-lcmperature relationship, 859 
vavoconstnction and dibtalion, 836 
Cold pressor test, 633 
hypertension, 1349 
"Cold sore,” 1171 
(See afro Herpes kbialu) 
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Cfj}«(omT, In cbiotilc recuncnt rol.tis, 

16)2 

far polypptis, 1642 
“Co’i aerosenei'’ bialli. 951 
Ccljc, apixnJicesI, indiscshon diasnoils, 
129 

MiJTjr fjce Biliary colic) 

iBterTOvii.co.t,sfl 1665 

lead. 812 

renal, and tout. ”66 
and rcstleisnciJ. 129 
Coliforra bacteria. 921-922 
Colitu, and amebic dweait 1650 
aud amyifnd dtscaic, 16>1 
and anal Jlncinro. 1650 
and anorccia, 1648 
and artlintic, 1651 
and Ijcillary d«cnle^. 1650 
and canter, 1650, 1652 
chronic Intemvittcnt, 1648 
di'^ctentuil dufnosii, 1650 
diasnosit, 1640. 1641, 1648, 1650, 1654 

duration, and clironic lymrli^dmilu, 

1650 

fulminant, 1643, 1649 
and li-mphacmnuloina \en«eum, 1650 
niicosa friabilitr. 1640 
nmroni.” 1643 
and penrcctal absccu. 1653 
rrSional, 1648 
lran}%crje colon, 1649 
tccrnental, 1648 
tectniicRioid localiation, 1650 
wrtical IreaWifnt, 1652 
‘‘ipastic," 1642 
and tubertrilaui, 1650 
ulcttatnc. 1650, 1652 
abnes. 1647 _ 
perunat. 1650, 1652 
icnte, 1648 
ase factor. 1647 
allcrfic reaction incidence, 1647 
and atietnia, 1651 
andactiintu, 1916 
autoimmune onjin, 1647 
bteedins. 1640 

and cancer, 446, 1650-1651. 1652, 
1655 

clifsnic nonipccrOe, 1646-1643 
elaKiAeation, 1647 
eomp'iniionr, 165(^1651 
and diarrheal leen. Ml 
and duCTlIeulifH, 1645. 1646, 1650 
crperimenul, 1647 
6itulj> in ano, 1650 
m hjTeitrot’li'C ostcoarthropafliy, 1920 
.«vTvA.mv«r, MwV, 
and Lacnnec'i eirrliosn, 1685 
InioR), and iilerratne pioctilu, 1648 
pnforatinnij 1650 
pentonitii. 1650 
pbima cell in6Itt3tIon, 1647 
and prtjmaiicy, 1652 
p»ciidopo1yp<nu. 1649, 1650 
itool esaminition. Ml, 1640 
itrictiircs and larce bond ohrlructlon, 
1655 

treatment, 1644, 1651, 1652 
diemu and. 180.1650 
Collatcn in bone, 691 
Collasen ditcasc, alTcolar-capinary block 
anil, 1 526 


fo er 
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penrarditu and. 1470 
Cnl'iitniw, tlmttWul, 996 
CoJ'jr button ab»ecs«, 1050 
Collcctmc lobolni function cf, 168 
Co/'iiiJcj fnoT^niifia. 972 
Colon, aeanchonic tnrscolon, 1641 
area iruoKcment in ulcerative cohtu, 
IM? 

antptiomic dittuiMncei. 271-272 
b«ir«v. 1647, 1650. 1654 
llcnlms from. 1629. 1642, 1652. 1654 
botleirvemi, 1 29 

tjntrr (oicinomj), 1620. 1652-1655 
and adenomatoot polvp. 1642 


Colon, cancer (cucinoina), and amebiasir, 
16?S 

atictnta, 1654 

and anorctn. 125, 1654 

appcndicial abscen, 1655 

and appendicitis p^oiation, 1623 

bhdder mvasioiL 1654 

Kid Weedvns, 1688 

and blood dyacrasus, 1655 

bond habit cbanK. 1654 

and carcinoids, 1655 

and cholecystitis, 1655 

and cholelithiasis, 1655 

and colitis duritum, 1652 

coRiplicationa, 1655 

and conslipaticm, 142 

duiptosts, 1654 

differential. 1628, 1645-1646, 1655 
and divcTticalibs, 1646 
and divciticulosis. 1685 
and duodenal ulcer, 1655 
and endometriosis, 1655 
etiology, 1652 

and gastnc cancer. 129, M2, 1655 
and nilnc ulcer. 1655 
and Qcocoliti^ 1650 
incidence, 16>2 
and lipomas. 1655 
and lymphomas, 1655 
ptognoMS, 1656 
and regional ententis. 1655 
and teftal caneet, 1658 
scgmcfltil colitis. 1655 
symptofirt, 1652 
treatment. 1656 
and toberralosis, 1655 
and uremia. 1655 
caranotds. 1652 
"celonie neutosa." 1642 
dilatation, acute (osic, emergency surgny, 

diseases, 1623-1656 
age factor, 1641. 1642 
back pain m. 52 

diagnostic procedures. 1640. 1641. 

1642. 1646. 1643. 1649, 1654, 1657 
symptoms. I29-I2I 
dutcntion. tnlcstmal obstruction. 1624 
divertieulosis. 1624, 1656 
acute, 1645 
age factor. 1641 

differcrttul diagnosis, 162$, 1645- 
1646 

meWenee. 1641 
stgrooid, 1646 

and endometriosis. 1652. 1655 

tfwATwyftntrxf, Mff 

fecal content in tonslipalion, 142 
flexures and position, i629 
ni from inteiinCj 1629 
hemangiomas, I6>3 
bype^stne cramps, MO 
intccrions, MO 
inflammation, 1640 
acute, 1645, 1647 
and diarrhea, 140 
initaMe,iJI. 1642-1644 

(See also Imlable colon syndrome) 
leioniyonus. 1653 
lipomas, 1652 
lympliomas, 1652 
nulrotation, 1641 
and appcndicibs, 1628, 1641 
and creal volvulus. I6>6 
mebmm deposits, 790 
motor (Widen, 1629 
eontrol, 1644 
and fedl contents. 1629 
deal content pioccsung, 1629 
mucosa, 1642 
fruMvty, 1640, 1683 
pseiidopmypoid appearance, 1647 
muscle dcstiitnioii. 1629 
obstiuctron. 129. 1629, 1656-1659 
dugumis 1625 

acute cltolceyilitit nmulitism, 1712 
aids. 1641. 1646, 1657 


and nropiaslic disease, 1656 
and obstip.ition, 1624 
sites, 129 
subacute, 1657 
ttcitTOes.t, 1687 
soliulus, 1656, 1657 
pain localiration, 125, 129, 1629 
panaeatic cancer invasion, 1663 
perforation, 1638 
polyposis. 1641 
multiple coi'Seuitsl. 1642 
malignano', 1652 
recurrence after removal, 1642 
"pretanccroiisness” of lesions, 1652 
pseudopoHps, 1649, 1650 
icctosi^ioid, 1648. 1652 
in Ileocolitis, 1649 
treatment, 1651 
redes dislurbaucc, 1 21 
regional ententis msolrement, 165. 
1620 

Sigmoid, distention, 1641 
discttieula, 1642 
gallstone obstruction. I7M 
soliulus, 1640, 1656, 1657 
transverse, 1646, 1649, 1650, 1652 
panneatie tumor invasion, 1660 
tumors. 1652-1656 
age taetoT, 1652 
from ehrooie obstruction, 1656 
cbssidcation, 1652 
colloid, 1652 
medullary, 1652 
papillary, 1652 
Ktnhous, 1682 
’’unstable,' 1642 

Color blindncH, inheritance of, 424 
Colorado licl: fever, 1190 
Columbia bKsirus. 1195 
Coma, 211-221 
and aerate gastric dSation, 1622 
causes, 218 

in cacbral hemorthage, 1782 
in cerebrovascular disease, dillerentul di- 
agnosis. 1792 
classiflcation. 217 
clwveal appspicls, 21V216 
laboricorr tests, 217 
definition, 212 
diabetic (ice Oiabetic coma) 
differential diagnosu, 219 
in clomcruloncphritis, 919 


... hepatocclluiar failure. 1 
hepatorenal syndrome, ISV 
meclianisms, 212-214 
myaedema, 186. 589 
m poisonme, 8l7 
traumatic, 1802 
treatment, 218 
uremia and, 180 
Comatose patient, testing, 1722 
Common bile duct, cliDlcdochal lesion 
widening, 170S 
csploralioii indication, 1715 
gallstone erosion Ihrongli. and fistulous 

injury during cholccystertoiiiy, 1714 
otntructioii, 1707 
carcinomatous, 1701 
(Sec also Biliary obitrurlion) 
atones. 1701. 1702 

(5re a/so Cholcdocliolitliiasis) 
shiclure, 1714 . 

[See a/so Bile duct. Biliary tract) 
Common cold, II 16-1 117 
Comnism peroneal nerve, distosea, 1511 
Compcnation. back pam and. 53 
Concussion, cerebral. 1796 

repeat^ (pnncli drunk), 1802 
Condi (oiiiata acuminata. 1 174 
Cond>limiatJ lata. 1971 
Cone ihetl poivinmg. *245 
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Confusional states, 354-362 
classification, 360-361 
diagnosis, 361 
definition, 312, 335 
pnmary mental confusion, 359-359 
tieatmeat, 361-362 
(See a/so Delirium) 

Congestive heart failure (see Heart failure) 

Conidia, 1051 

Conidiophores in chromoblastomycosis, 

1066 

Conjunctiva, disorders, 420 
petechial hemonhage, 1040 

Conjunctivitis, 420 
adenoMrus, 1176 

in arsenic poisoning, 812 

in chielcnpox, 1167 

in epidemic hemorrhagic fever, 1187 

in erythema multiforme, 1924 

m glanders, 969 

if. influenzae, 955 

in herpes simplex, 1171 

inclusion, 1176 

Koch Weela bacillus in, 955 

in leptospirosis, 1036 

in measles, 1158 

Afuna polymorpha, 973 

Aforaxe/Ia hainata, 955 

in munne typhus, 1104 

Newcastle virus, 1176 

in phlebotomus fever, 1191 

in pleurodynia, 1131 

Pseudomonas, 935 

in Reitcf'j syndrome, 1907, 1903 

in relapsme fever, 1088 

rheumatoid srihntisand, 1917 

m Rocly Mountain spotted fever, 1097 

in scrub typhus, U06 

S ’ ard, 1176 
oraa, 1175 

from ultraviolet light. 854 
in West Nile fever. 1192 
Connective tissue, diseases, 1883-1901 
Conn's syndrome, 617, 740 
Consanguineous mating in loheritance of 
disease, 432 

Consetoutnest, distutbanccs, 311-321 
impaired, syndrome of, 1849-1852 
Constipation, 141-143 
in acute dilatation of stomach, 142, 1622 
and anal diseases, 142 
pain, 139 

in appendicitis, 1637 
atonic, 142 

in biliary tract diwiders, 1707 
and cancer, 143. 1655, 1667 
cecal volvulus, 1656 

and central nervous system degenerative 
disease, 1644 

and cerebrovascular accident, 142 
in choledochoiithiasis, 1713 
in colonic disorders, 129, 1657 
irritable colon syndrome, 142, 1643 
megacolon, 1641 
and congestive heart failure, 142 
and defecation reflex, 133 

voluntary suppression of, 1644 
diagnostic procures, 1 39, 142, 143 
ancfdiet, 142. 143. 1645 
in dncrtieulitu, 1646 
and drug ingestion, 143, 1398 
and enemas, 1645 
and hyperparathyroidism, 142 
and hv-polhyroidism, 142 
in ileitis. 1628 
intestinal obstruction, 1634 
acute, 1633 
in pancreatitis, 1662 
progressive, 142-143 
m p>lonc stenoM, 1623 
rectal. 142 
treatment, 1645 
urgency, 139. 1644 
and sedative drugs, 143 
"■simple,” 1644 
svmptoms, 139 
and tuberculosis. 142 


Constipation, and tuinoa of gastrointestinal 
tract, 143 

in typhoid fever, 941 
urinary tract disease. 142 
Constrictive pleuntu (see Empyema, 
chronic) 

Contusions, cerebral, 1796, 179S 
Convulsions, 329-343 
acute glomerulonephritis and. 1481 
in brain tumor, 1816, 1817 
in Chagas disease, 1207 
classification, 336-337 
clinical approach, 338-339 
m nyptococcal merungitis, 1054 
in decompression sickness, 844 
differential diagnosis. 340 
m eastern equine encephalitis, 1155 
eclampsia and, 1499 
in encephalitis Icthargica, 1154 
febrile fits. 1744-1745 
iR fulminant hepatitis. 1675 
>n glomerulonephntjs, 919 
in H influenzae meningitis, 955 
m hepatK coma, 157 
Jadcsonian, 332 
in lupus erythematosus, 1894 
motor, 332 

pathophysiolon, 334-335 
m pertnssis, 957 

physiologic disturbances, 33S-339 
in poisoning, 817 
ancnic. 812 

cotamine (ntkcthiniide),822 
gasoline or kerosene, 824 
metrazol, 826 
picrotoxtO, S2S 
pyrazinamide. 880 
strychnine. 829-830 

in Rocky Mountain ^tled fever, 1097 

in roseola infantum, 1161 

in St. Louis encephalitis, 1155 

in scleroderma. 1898 

seizure patterns, 331-334 

sensory, 332 

in syphilis, 1074 

in tetanus, 990 

Ueztnvent, 340-342 

ID trypanosomiasis, 1206 

utemu and. 180, 1477 

visual, 332 

in ncsietn equine encephalitis, 1155 
Cooley’s anemia, 1301 ' 

dental signs., 1582 

Coombs' antiglobulm test, 1293-1294 
in Laennec’s arrhosis, 1687 
Coombs’ murmur, 1412, 

C^per, biochenmtiy, 491-493 
iti body, 49l 

chemical pathology, 492-493 
erythrocyte, 493 
physiology, 491 
poisoning of. 813 
serum, 211,491 
deaeasc, 493 
increase, 492 
normal values, 1943 
in urine, nonnal values, 1947 
in Wilson's disease, 769 
Copper deficiency, 49 3 
hypochromic anemia in, 1260 
m infants, 205 
(5cc a/so llypocnpreroia) 

Copper protens complexes, 491-492 
Copper proteins, 491-492 
CoproporphyTiu, 759 
in urine, normal values. 1947 
Coproporpbjnfl III in lead poisoning, 

814 

Cor pulmonalfe 1537-1539 
avbestovK and. 1547 
bronchiectasis and, 1551 
byssmosis and. 1 54S 
cardue cinbosis and, 1694 
cardue output and, 1533 
chest pim and. lSs9 
in chiooic ntoantam sukness, 846 
clinieat ounifestatiORS, 1533 


Cor pulmonale, diagnosis, 1 539 
empliysema and, 1518, 1520, 1535 
hypoxia and, 1S3S 
kyphoscoliosis and, 1 538 
natural history, 1538 
prognosis, 15>8 

nght ventricular hypertrophy and, 

1538 

schistosomiasis and, 1227, 1538 
m scleroderma, 1897 
silicosis and, J>46 
syncope and. 1539 
treatment, 1539 
Cor tri/oetj/arc biatrium. 1424 
Cotamine poisoning, 822 
Cornea, cloudiness in Hurler syndrome, 

disorders, 418, 421 
functions. 421 
Corneal arcus, 779 

Comeal vasculanzation in ariboflavinosis. 
537 

Coronary arteries, anomalous origin, 1423 
electioeardiogram and, H3l 
Coronary blood fiovv, 32 
aortic insufficiency and, 33 
aortic stenosis ana, 33 
Bohr effect and. 33 
exercise and, 33 
heart rate and, 33 
hypertension and, 33 
hypotension and, 34 
owgen need and. 34 
Pheidippidc! syndrome and, 34 
Poiseuilie’s equation and, 33 
reflex vasoconstriction and, 34 
right ventricle and, 33 
suVndocardial left ventricle and, 33 
tachycardia and, 33, 34 
Coronary dilatation, nitrites and, 34 
Coronary disease (see Heart disease, is 
chemic) 

Coronary insufficiency, and eructation, 1 579 
(See a/so Treinfarctional angina) 

Coronary occlusion (see Myocardial infarc 
tion) 

Coronary thrombosis (see htyocardial in* 
farctionj 

Coronary venous blood, desaturation, 53 
Cortical necrosis of lidnoa, acute, 1493 
Cortieobulbar tract, 242 
' Corticospinal tract, 242 
Corticosteroids (see Adrenocortical tteroids) 
Corticotropin releasing factor (CRF), 574 
Cortisone, m Addison’s disease, 614, 615 
dosage, 626 

in glucose tolerance tests, 643 
myopathy, 728 
in pancreatitis, 1666 
preparations, 626-628 
psychosis from, 371 
for ulcerative colitis, 1652 
(See a/so Hydrocortisone) 

Cortisone acetate in anterior pituitary dis- 
orders, 567 

Cortisone test in hyperparatliyroKlism, 606 
Coryncbacfcrium ihp/it/ierue, 952 
Cor>7a (see Common cold) 

Cotton dust, byssmosis and, 154S 
Cough, 121 

in bronchitis, 121 
causes, 122 

congestion of lungs and, 122 
and dirphagu, 1 34 
harmful effects. 122 
mechanism, 121 
pulmonary infarction and. I2i 
syncope and. 1516 
Conmann in aitcnal dncaie, 1 373 
CounciUnsn bodies. H5S 
Countercurrent mulliplicr system, I6S 
Courvoiiicr’s law, in carcinoiiiatoui obstruc- 
tion. 1701 

and palpable gafltiladder, 1 53 
Coventry dacisc, U44 
Corrpox, 1166 
Coxuckie A viruses, 1 1 39 
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CoxMcl{< B vinisa. IIII-UII 
neoTU'al mfect.oos, 1112 
Crabm’. J0S.1 
Ctjmpi, hnt. 8JWI5 
10 Ifp at mdi!. 54 
raoKTilar, 724. 742 
and nerve excitation, 24^ 

Craml nerve dutuibances, 244-29S 
coma in, 416 

diScrentij) diasnosir, 295-297 
multipte, 294 

Cfinul nerves, eijl't^* (acoustiel, 291-294 
e'evenlh faccesvorT). 297-29S 
Efili (tngemmiU, 291-292 
first (olfaclorr), 2S4 
tiintli (sIossopnaiYnseal). 295 
scrond (optic), 244-256 
soentli (facul), 292-291 
stndfomes. 296-297 
lentil (venuj. 295-297 

testinc, 1 /2I 

third, fourth, and Sixth. 256-291 
Cfjnioljcial dysostosis, 1725 
Cuniophs 
Crjruoracl 

Crjniofibes to nclets, 5i._ 

Cranium, (lementi, Monro t^ellie law. ISIl 
nia'/armafions, 1725 
Creatine, «n urine, normal values, 1947 
Creatine lolennte test, normal values. 1945 
Creatinine, meehanirn of excretion, 174 
serum, ronnil values, 1941 
■n urine, normal values, 1947 
Cteaterthra. panaeetic role, 1660 
Cftepinj tnipiion, 1216-1217 
Crrtceotie eloinernloneplintis. 1451 
Crrtmism. 555, 556 
dental signi, 1531 
diflerentui diagnoni, 5S7-55S 
endemit, 555 
iodide trappiog m, 531 
mental retardation, 1742 
spotadiff 545 

Crider Naliar lyndrome, 1670 
hypcilsflitubsrvesnu dilestnlialion, 1700 
Criie de dfglohiifisatioii, 1296 
Croole*} cbaniea. 619 
Cruton Oil. 322 

Crnupin If rniluenzae infections. 954 


Lruirilhier Daumeartert midrome, 155. 

156, 1670. 171)5-1706 
Cijxiclobulin, 1142 
in bicterul endonrditis, 1041 
Crvodobulinemu. 14+4-1146 
m pnlyaften'ii nodou. 1S92 
Cryptococcosis, 1051-1055 
and 4ddi«on s disease, 61 4 
m lupus ersxficniaiasus, 1394 
III pneuniocystis pnrumonsa in adults, 
1210 

Cryptococcur neo/ormans, 1051 
< rvptorchidBm, 645 
( iTfi’pto'ein. 492 
C iirjie as blowing agent, 243 
C iirare le«t for tntasthenu gravrs. 259, 250 
Curium and bone inetaboliun, 700 
( urrent o( mtur), 50l 
i tirwhmann i spirals. 1264 
Ciidimg'i syndrome, 570. 617-4i21 
adrerul sleioid tbeiapy, eoniplicstiona, 
626 

bleeding in, 224 
duc'iosts, 619 
fli^eicntal. 619 
eiyrhtooiosii in, 1303 
etiology and psliiogenaii, 619 
Ixmrione secretriry pa'tnrt. 619 
hypettensttm and, 1151 
utrogenic, 707 
culcnce. 61 S 


Cutaneous larva inssrans, 1216-1217 
Cntaneous Icisbiiiansasis fsee Leishmaniasis) 
Cutis bypefclastica {»ee Ehlen Danloi ms- 
drome) 

Cutis bra. iSS6 
Cutis mamiorata, 1162 
Cyanide poisonmg, B2Z 
CjanmetncmogloMis, 822 
Cyanocobabmin, 12S1 
Cyanosis, 119 
anemia and, 120 
approach to, 120 
causes, 120 

in chrome mountain sicfcness, 846 
clubbed finKrsand. 120 
corigenital heart dneasc. 1416 
di'Tcrenttai diagnosis, 120 
distrnction from argyria, 119 
entetosenous. 1)11 
crythrocytosss and. 120 
“lieliotrepe." 1124 
bypoxu and, 1521 
In mfluenaa, 1124 
limited to Imrr part of bodyr. 1425 
ciecbanism. 1)9 
Cyclic granutocylopetiu, 1252 
Cy etosenne, 8$0 
Cylindroma of broisshus, 1562 
Cylmdniria, diagnostK v^ue, 1478 
meehanion, 17) 
pH of urine and, 17) 
significance, 17) 
types of easts. 1437 
C'vtlsl, amebic. 1J96 
of brain, parasitic. 1819 
bronehMenic. 1570 

sholedoslial.and biliary obstruction, 1701 
colloid, of third srnlricle. 1822 
echmoccus, and biliary obstnsctioo. 1717 

a 'aageal, 1570 
lid. li)5 
oftKlnep, 1504 
of long, acquired. 1557 
congenital. 1557 
oi peiicardium. 147). 157) 
spinal, congenital, 17)0-17)1 
syrwal. 87 

Cyiteinnru, nephrohlhiatis and. 1505 
Cystic disease of lung. 1557 
Msrfsft’ttynsltome and 1585 
treatment, 1556 

Cystic fibrosis (sec MucoMscidosn) 

Cyxtic hygroma. 2)1 

Cystic medul necrosis, aneurysm and. 1)66 
dnsecting. 1)65 
CyvIircrcOMS. 1214 
Cystrccrcns cellnhae, 1254 
Cystinosis, 743-749 
Cystmarra, 746-748 
Itearmcnl. 748 
Cystitis, 10)7 
in rolioinychiu, 1145 
in neiScrs tyndiome. 1908 
Cytograclics m man. 423-4)0 
Cytoid bodies, lupns erythematosus and, 
1393 

CytolofT m cancer, 165, 447. 1610-1611, 


lit> 


S6IS 
7. 707 


rnni'sry turnon fsllowing idrerulectomy 
for. 571 

--yigni and rym.'i'cnM. 618 


1*^6 

Cytomegibc sodusioo ducise, tl8)-1184 


Dacrynadcnitis (are Lacrimal gbnd) 
Oartilitu in yaws, 103) 

Dandy Watkersymirome, 1726 
Daiapivm lot toinplasrKisis, 1209 
Dann's dncaie, /sO 
DUT, poisofuog, 82) 
reactions assoculed with, 1272 
Dead space, phvuolopc. 1 12 
Deafness, tH 

and congenital robetta. Urn 
m llurtcr svndrotne. 1343 
from Kana-iiynn 377 
from ICanlro, 87* 
in nsct'ingococxal |n/-ctions.926 
alter munps, llfi) 


I neiirosyphilis. 1 (j 74 
osfeogenesa imperfecta and, 1337 
from PAS, 880 
and pseudomonas otitis, 9)5 
in Rocky Mminfam spotted fever, 1097 
in scrub typhus, 1107 
from streptomycin, 87) 
tests. 294 

from Vancorin. 877 
from Vancomjem, 877 
Debrd-Semelaigne’s syndrorue, 728 
Decarboxybtion, oxidative pvtuvate, 434 
Detlomycm [dcmeth>lchlortetracyeline),875 
Decerebrate posture, I76S 
Decerebrate rigidity, 25) 

Decompression procedures. 843 
Decompression sickness, S43-S45 
signs and symptoms, 844 
treatment, 84> 

Deer fly fever. 96) 

(See also lulatrmb) 

Defecation, habits, 16)9 
age factor, 1645 
and anore^l disorders, 1645 
and constipation, 142 
liibituat time. 1645 
in icTitable colon syndrome, 164) 
•■fcgubnty,’’ 142 
roeclumsm. 1)3-139 
and nerve destructiori, 1644 
and pain in acute diverticulitis. 1645 
and stnining. 1)9, 142, 1M2, 1648, 165| 
(See also renesmus) 
volunbry reSex suppression. 1644 
Degenerative dueasa of nervous system, 
1553-187) 

Degenerative lomt disease, 1918-1920 
(See also Osteoarthritis) 

Deliydfalioa. 452, 459-462 
ID acute dilatation of stomach, 162) 
m Asiatic iliulsrs, 952 
eharaclcnstjcs. analysis of, 460-461 
in diabetes insipidus, 579 
bean failure and, 1)69 
and hepjtoreru) lyndcoine. 159 
intestinal obslruclion, 16)4, 16)5 
management of, 461-462 
after Mnaeatie secretion loss, 1660 
in pvione vtctiosis, )61) 
renal (aflure and. 1476 
iiteniiaand, 176 

Dehydrogenases, tine-containing, 495 
D6iCTine-Koussy syndrome, 267 
O^iCTvne Sottas disease, 1678 
de Lange's tyndrome, 72) 

Delhi boil, 1202 

(See also Leishmaniasis, cotancous) 
Dclmum, 312. 355-353 
in acute gastric dibtatiart, 162) 
in rhickenpox, 1 167 
definition, 344, 355 
epi'cptic, 3)1 
iiiutbid anatomy, 357 
in murine typhus, 1104 
pathophysiology. 357 
in pleur^ynia, 1131 
in psittacQUS, 1127 
Dehtium tremens. 801-802 
Delusions, in delirium, 557 
in Kht/ophrcnia, 363 

Denieculcin in treatment of leukemia, I > i J 
ITemenlia, 351-354 
bnloudcd, 359 

ccTebrocetebcIlat degeneration, 1859 
cbiiiricalion, 35) 
clinical approach. 351-352 
definiiion, 344 

ditlcrentol diagnosis, 35)-354 
familial niyocionic epilciny, 1563 
Huntington's ehotea, 165. 
iakobU,rcutxfeljt’i d'vea'e, IS58 
iiioibid anatomy, 35) 
in ncuioiyptiilis, 1075 



Dfinenlia, j)ndfomes, 350-351 

combined with oilier neurologic signs, 
1857-1864 

dcmcnlia predominating, 1855-1857 
treatment, 354 
Dcmcnfu infantilis. 1473 
Demenba paralytica, 1075 
(Sec a/so Paresis) 

Demerol (see Meperidine) 
Dcmcrii^khloitetracycline (declomycin), 

photosensitization by, 1934 
Dcmyelinaling diseases, 1829-1838 
Dengue, U88-U90 
prevention, 1189 
treatment, 1189 
Mteroia \n, 1188 
«ru$, 1189 

Dental caries, fluorine in, 493-494 
Dental fluorosis, 493, 494 
Dcntalorubral atropliy. 1867 
Deoxyrilionucleie acid, in radiation injury, 
855 

role in genetics, 436 
synthesis, 851 

Depolarization, additional forces, SOI 
of atrium, 51 3 
canccttation of forces, 501 
deflnilion, 500 
speed of, 504 
spread of, 511 
Depression, 406—409 
and cerebros-ascular accident, 142 
classification, 40S— }09 
in colitis, c/ironic intermittent, 1643 
in congestive heart failure. 142 
in entaitis, 1630 
and hyperparathyroidism, 142 
and bypotli)aoid«m, 142 
in tnanic-dmrcssnc pnchaiis, 4l(Mll 
m medical disease, 40v 
in neurolosie disease, 409 
pain and, 20 
treatment, 412-413 
and tubercutosis, 142 
m urinary (net disease, 142 
Depressne psychoses,406-4l4 
Dennacentor tndenoni, in Colorado tieh 
fever, 1190 
in Qfeser. nos 

in Kocky Mountain spotted fever, 1096 
in tuUtemsa, 963 

Dermacentor occidentafis and tularemia, 
963 

Dermacentor variabilis, and Koeky Moun* 
tain spotted fever, 1096 
and tularemia, 963 
Dermahtu, 19IW927 
from atabrine, 76 
atopic, 76, 1926 
age penodieity of, 72 
pruritus in, 84 
chronic, eczematous, 1927 
of hands oi feet, 1927 
contact, 76, 1926 
plants causing, 72 
pniiitus in, 84 
eczematous, 1927 
lymphoma and, 192S 
erfolalivc, 1927-1928 
arsenical, 81 3 
bismuth, 813 
from NovcfciociTi, 876 
nummular, 1927 
schistosome. 1229 
stbotiheie, 76, 84. 1927 
status, 1927 
treatment of, 1928 
from Vrypatsamide, \106 
Dermatitis factitia in hystena, 401 
Dermatomyositis, 725—726 
dysphagia in, 133 
Dermatophytosis, 1935 
DesacetylTnethylcolchidne and hepatitis, 
1704 

Dcsensitization, 125S, 1259 
in brucellosis, 962 


Desensitiaatioii, and dfpbtbeiia antitoxin, 
987 

nonspedfic; 1259 
in tetanus, 991 
Desert fever, 1057 

(See also Cocddioidomycosis) 

Desmoid tumoi^ 743 

De Toni Fanconi syndrome (see Fanconi 
sradrome) 

Devic's syndrome, 247 
Devil's pip (see Plcuradvaa) 

Dexednne poisonmg. 819 
Dcxedrinc snlfate in depretsne psychoses, 
412 

Dextran, reactions associated with, 1272 
Devttocardia, 1432 
in Kastagentt’s syndrome, 1549 
Dextiothyroxin, atherosclerosis and, 1364 
in ticatmcntof atherosclerosis, 1364 
Dahenese. 1704 
Diabetes insipidus, 578-581 
antidmretic hormone and, 175 
clinical picture, 579 
diagnosis, 579 
diffcrentul diagnosis, 579 
et»)ogy. 578 
with hydrocortisone, 577 
hypothalamic syndrome, 274 
incidence, 578 
nephrogenic, 175, 578 
nicotine effect on, 580 
palliology, 578 
prognosis, 581 
psychogenic, 175 
rote of trauma. 579 
treatment, 531 

Dabetes mellitus. 635-661. 753 
in acromegaly, 568 
acute, 641 

adrenal steroids in, 627 
adult (malurily onset), 641 
ait travel for patient^ 849 
asulonhca, 1581 

aihcroseletosis and, 638. 656, 1362 
bronze, 785 
candidiasis in, 1062 
m eliildliooil, 659-660 
cliolecystitis and cholelithiasis in. 653 
cholesterol stone formation, 1710 
chronic, 641 

clinical picture, 639-642 
cohform bacteiul mfedion in, 952 
Cushing's mdtome and, 619 
definition, 635 

dcReoeratiie ckanees, 655-657 

dugnosis, 642-643 

in dugnosis of diabetes insipidus, 579 

and diaiihea. 141 

dirt TO. 648-651 

diffCTcntul dugnosis, 641, 643-644 
endocrine drf^ in, 637, 638 
epidermophytosis in, 652 
etiology, 636-637 
experimentally produced, 636 
fluid therapy in dubctic acidosis and 
coma, 653-654 
furuncles to, 652 
gangrene in, 656-657 
heart disease in. 656 
and hemochromatosis, 785-787 
hepatic lesions, 1695 
heredity, 636, 637 
history, 635 
incidence, 635-636 
insulin action, mechaoisni. 639 
insulin deficiency, 638-639 
insulm reaction^ 645-647 
insulin resistance, 647 
rnsulm aensstmt^ 64^ 647 
insulin therapy, 644-647 
111 dubetic a^osis apd coma, 653 
luvcnile (prernatatity onset), 639, 641 
and klebsieUa meningitis, 9iS 
and Laennec's cirrhosis, 1685 
latent, sn inditniia, 776 
hpoatrophic type, 641 
met^iolic defects, 639, 640 
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Diabetes mellifus, and tnucoirnycosis, 

1063 

nausea and lomiting in, 1 36, 1 37 
and necrotizing papillitis, 1036 
oral hypoglycemie agents, 647-648 
oral signs, 1581, 1SS2 
and pan«eatic disease, 1660, 1665, 1666 
pathologic physiology, 638^39 
pathology, 637-638 
patient, care of f«t, 651 
general hygiene, 650 
teaching and training, 649-650 
understanding of, 652 
polyuria and, 175 
prcCTancy and, 658-659 
ana protcus infections, 933 
piuntus in, 83, 652, 1658 
and pyelonephritis, 1036 
rectal abscess in, 1054 
renal complicabons, 638, 652-653 
renal papillary necrosis and, 1498 
and sbphyldcoccal infections, 895 
subacute. 641 
surgery and, 657-6SS 
treatment, 644-655 
tuberculosis in, 653 
unnary tract mfeebons in, 652-653 
zinc and, 497 

Diabetic acidosis, 469, 641, 653-655 
a/terearc, 655 

as cause of Icukemoid picture. 1331 
and cerebral mucormycosis, 1063 
fluid tlierapy, 653-^54 
insulm thetapy, 653 
Diabetic angiopathy, 638 
Diabetic coma, 641, 653-655 
fluid therapy, 653-654 
insulm therapy, 653 

Dubetic nephropathy, 638, 642, 656, 1492 
Dubetic neuiopatby, 65? 
dubetie nephropathy an^ 1492 
pain in extremities and, SB 
Diabetic polyneuiopalhy, 1676 
Diabetic retinopathy, 638, 655-656 
diabetic nephropathy and, 1492 
Dialysis, acute lubulaT necrosis and, 1497 
uremia and, 1477 
Dlanior in respiratory acidosis, 469 
(Sec also Acetazoleamide) 

Diaphragm, disorders of, 1567-1568 
displacement of. 156/ 
evcntiaticm of, 1568, 1886 
flutter of, 1568 

Diapliragmatic hernia (see Hernia) 

Diarrhea. 139-141 
acute ileitis, 1628 
and amebic disease, 140. 1650 
and anemia, 141 
ns appendicitis, 1637, 1638 
and bond function, 139-141 
m cholera, 952 

chrome, 140-141, 1628, 1650. 1651 
u colonic diseases, 129, 1650. 1651 
infection, 140 
irritable colon, 1643, 1644 
cramping, 141 
and met, 140, 1651 
differential diamosis, 140, 1594 
age factor, 141 
digitalis and, 13S8 
and endocrine adenomas, 1 594 
in enterocolitis, 1657 
etiology, 140-141 
in gastroentenhs, 1634, 1633 
viral, 140 

inflammatory cholecystic mass, 1703 
neonatal, 932 

osteoarthropathy and, 1920 
and panciea'iic disease, 1660 
pneumatosis eystoides intesbnalis, 163) 
portal vein thrombosis,_170S 


postcholecystcrtomy, 1717 
postgastrectomy, l6l7, 
subtotal, 1606 


1618 


n regional enteritis, 1625 
n salmonella infections, 947 
n shigellosis, 950 
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Durrbtai treatment, 16^^, 1651 
prnentne, 1613 

in trphmd fc\rf, 9'11 
la ijlcmtrve eolilH, 1651 
uTcirns *rKl. ISO 
intinl liepalitij, 1674 
Uliipple'* diTO'C. 1611 
Oi4jtcm2lotn\elu, 1731 
Diaitolic momun (w Murmur) 
Dutliiaranme locLde in tnchimaiir. 1720 
Dibt^Tline, hn>crlC*'sion and, 1359 
Hick test. 903 

• Diciotie pulps" in tj-plioid fes-er. 911 
Dicnmatcl, mode ol action of, 224 
D>c» antigen. 435 
Picfdnn poisoning, 823 
Dirt, allcnnc teaetions and indigestion, 
130-131 

in artcnosclctosis. 1361-1362, 1361 
and biliary colic, ! 710 
carboliydtates, 1678 
m ciidiospasm. I5S7 
m chronie gallbladder disease, 126 
in einbosw, 1690, 1691 
etiology. I6SS-1686 
and tieaHnent, 1635, 16SS, 16S9 
and eonstipalcon, H2 
rectal. 1645 
and teditne drugs, 143 
in diabeta mellitas. 643-651 
and dunlia, 140, 1651 
in diierticulitis, 1646 
and dysphagu, 1533 
and epipstnc prtfiure, 1715 
in ew^nagcal motor function disorders, 

in funeitonal djspersia, 1620 
in gallstofta nianagetnent. 171 5 
giitne ulcer, 1612 
in nMtitn. 1619 
in hemosidereiii, 1695 
and liepatie coma, 158, 1689-I690 
and hepatic lesions. 1678. 1693, 1695 
m Mpertensinn, 135* 
imtible colon syndrome. 1644 
iipntropie lubitanees. 1635, 1636 
low tat. for biliary Inet disorder, 1711, 
1715 

dysLlnesls, 1716 
and malnutniion, 1635-1636 
mill, tn ulcer fieatment. 1S97-159S, 
1603, 1607, 160$. 1610 
and blood calciuin Icscls, 1593 
in pancreatitis, U>66 
tn I'lummer Vinson ivndrome. 1539 
poifgastrecfomy, J6I7 
potassium intake, 155 
ptoUpse of gastric mucosa, 1622 
ptolein content, 158 
tecommended allonances, 189 
in obesitT, 193 
Kxliiiin intake, 1 55 
m uicnative colitis. 1651 
in stral hepatitis, 1677, 1678 
nittUsIcarbamarme in fila'usis. 1224 
DiethyJ'tilbestrol, in menopause, 675, 

leactious assoaated nilfi, 1272 
Didu'ion, pilmonary (see I'ut.iionary dif 

Digrtti'e tract (see Casfiointcitinal luci) 
Diji-al examination. 319, 131. 342. 3579. 

1591-1592, 1640-lMl. 1634 
Digitalis. ]3$6-l3S3 
ailrninniration of, 1337 
anmeiia and, 1 3i7 
aritirttimias and. I 396 
aiiui Sutler and. 1 3S6 
aiirioitjr SbtillaiHsn and. 1 3S6 
bigeminal ilijthm and, 1356 
brxJvcardu and, 15S7 
climral rciponie to. 1336 
rontnmdicilioo to, 1356 
dmage. I 357 

exercise and. 3387 
heart block an^ 1353 


Digitalis, indiofa'ons for, 13S6 
mode of action of, 13S6 
m^ocisdsal vntaidwtt as^ 
nausea and vonutine and, 1337 
nodal ibxihm and, 1 3S6 
paroeysmai tadbjcatdia and. 1386, 1396 
potassium and. 1 5SS 
potassium depletion and. 1 336 
premature bots and. 13S6 
preparationsof, 1387 
reactions assocuied siitli, 1272 
ventricular tachjeardu and, 1336 
Digitalis mloxicatiiM, bigeminal rliytlim 
and. 1383 

manifestations of. 13SS 
parmysmal atrial tacbycaidia sntb block 
and. 1333 

Digitaliration. augmentation, 1387 
uiitial, 1387 
mamtcnance. 1337 

test for, with arctylsbophanthidine, 1333 
di Cughelmo's syodiome, 3339 
Dih}dromesobi]iisibin formation, H3 
Dihydrositrplomynn. 873 
Di!ivdtftSacbysleTo3. in 3>on< snetabotissn, 
697 

in hs-popanlhyroidism, 602. 603 
Ddivdroeyacctonc. 82 
Dili>drosypiien>labn>ne (DOI^A), 631 
in melanin (onnation, /88 
Diiodotyrosine. 584 
Dilantin (tee Diphenslksdantoin) 
Dimereaprol (secBAL) 

2,3 Dimcraptopropanol (see BM.) 
Dimeihoxypnen)l penicillin fStaplicillin), 


Oimorptiism mfungi. .... 

Dimtiophenoi and hepatitis. 1*04 
Diodoetum, m amebusts, 3398 
reactions assoeulcd 1272 
Diphasic milk fever, 1156 
Diphcnylhydanioin, and hepatitis. 1704 
nyperplasu after. 1 582 
and indigestion. 130 
reactions associated with, 1272 
OiphcnTts, tiilofinaicd, and hepatic lesions, 
16W, 1704 

Dipliorphopyndme nicleolide (DPN') me 
tabohsin. 477-479 
Diphthero. 982-983 
complications, 935-986 
grain, 982 
immunity. 933 
iininuniiation, 935 
intermcdiuS, 982 
iaiyrigca!. 9S4 
mills. 9S2 
liist,984 

penpiieral namtis. 935 
peripheral senropathy, 935 
pharyngeal. 954 
preient 1011,935 
skin terts, 953 
treatment. 9S7 

Diphtlientic polyneuritis, 1575 
Dipbrlfobofhimni iarom, 1232 
arid nicgatobbxticaocniu, I2S7 
(.See ilso Tapeworm, £iht 
Diplegia, ceicbral spastic, 1*35 
DipJococcus pneumooue (tec Poramotoc 
s«s) 

Diplopu, 253 
hmocubr, 416 
drugs and, 417 
unioeuUr, 416 

Discoid lupus eiythcToatmas (see Lupus 
erytbematMUt) 

Diaectmg aneuiyim (see .Aneurysm, of 
aorta, disscctmgi 
Diifal dystropliT, 729, 733 
Dithunnme todidcin itrongyloidiasis. 1217 
Diuresis. 190 

acute lulnilai necrutiiand, 1495 
aditwal itetetds and neinobypopliyscal 
honiiODcs Id, 577-57$ 


Diuresis, in alcohol intoxication, 796 
in epidemic hemorrlisgic feier. 1187 
axid t\cpit.o«U\s3ax (vstickm, 353-354 
mechanism of, 167 
osmotic, 170 

salt free human albumin in Laennec's rir- 
rhosis. 16SS 
solute, 170 
Diuretics, 1338 

angina pectoris and, 1449 
electro)} to depiction and, 1 3S9 
hypertension and, 1359 
mechanism of action, 1389 
mercurial, heart failure and. 1 389 
m Laennec's anhosis, 1638 
urmaiy composition altered by, 473- 
474 


potassium depletion and, 1 389 
refractoriness to, 1390 
Diuril. 1705 

Diverticula (diverticulum), and age, 1588, 
1613, 3624 
of duodenum, 1624 
in csopliagus, I58S, 1624 
of ileum, 1624 
of leiunum, 1624, 1625 
Meckel’s (see Meckel’i dncitieulum) 
of pericaromm, 1571 
rapture, 1645 
of stomach, 1623 
Dll ertieuUtis, acute, 1645-1646 
and acute pancreatitis, 1646 
and acute pyeloplilebitix, 1646 
and appendicitis. 1 658. 1 646 
bleeding, 1640, 1646, 1650 
and cancer, 1646 
clinical features, 1645 
cobiorm bacteria in. 931 
and colonic obstruction, 1657 
differential diagnosis, 1635, 1646 
and intestmal obstruction, methanical. 

1646 

and mesenteric infartlion, 1646 
and pesiitctal absttss, 1658 
treatment, 1646 

in utceratiie eohiis, 1645, 1646, 1650 
Diieriieulosis, 1624 
and bartenat mfcttions. 1624, 1645 
and bleeding, 1624. 1642, 1646, 1650 
of colon, 1641 
diagnosis, 1624, 1646 
m Chlers-Danlos syndrome, 1886 
incidence, 1641 
and age, 1642 
Diimg (see Skin diving) 

Diiinyl ether and hepatitis, 1704 
DID (see Degenerative joint disease) 
Dolicliostciiomelia, 1884 
(See also Maifan syndrome) 

Donalh Landiteincr teat, 1295 
Donnan ratio. 450 

Donoian body in granuloma inguinale, 9/7 
Danovacui gnt«iUKnitix,9T7 
DOI'.A (dihydroxypheiiiljlanine), 631 
Domise for digestion ot ipiitiim, 1573 
Double barrel aorta, disserting aneuiysm 
and, 1365 
Dourine. 1205 

DP.V faipbosphopyndine nucleotide) me- 
Uoohsm, 478 

DPS diaphorasc, 1311, 1312 
D1'NI1„473 
DPTiaceine, 985 
Drainage, postural, 1573 
Drano poisoning, alS 
DiinlettcipKatof. 1577 
"Drop scirnres,” 739 
Diug fever, 63 

Driig^hv^encnutivity, and biliary ofrlimis, 

and hepatitis, 1670, 1680-1652, 1704” 
1705 

and indicntion. 130 
and M'lnilice. 151. 1713 
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Drag liypersensilivit)', lesions in biliary ob- 
struction, 16SI 
rueclianisms, 1270 
Drug idiosjucrasy. 1270 
Drag tactions, 1269-1274 
allergic, 1270 

witli apbstic anemia. 1124 
drags associated with (fable). 1272-127J 
of liver, 16S0-I6S2. 1704-1705 
maTiifestalions, 1270-1275 
with methemoglobinemia, 1512 
pruritus in, 85 
wvlli p«tpu»$. 1515, 1517 
tratmcnt and prophslasis. 1271 
Dn sen, optie nerve and, 419 
Dubin-jolvnson sjmdronvc, 151, 1670, 1700, 
1701 

Dubos medium for tuberculosis, 1000 
Duclicnnc’s muscular d>-stToplij , 729-751 
Duercy bacillus, 95S 
(See also Chancroid) 

Duercy 's slin test, 959 
Duffy blood group, 453 
Diim-dum fever, 1202 
(See also Leishmaniasis, visceral) 
Dumping syndrome, 1606-1607 
postgastrectomy, 1617 
symptoms, postprandial, 126 
Duodenum, 1625 
adenoarcinoma, 1632 
atony, 1626 

contraction (reqnency, 1659 
diseases. 1590-1607, 1624-1626 
hematemcsii and mclena, H5, 144 
diverticula, 1624 

drainage, for bile cholesterol crystals, 
1710 

enteritis, 1613 
stenotic phase, 1629 
hcmortliage, 145, 144 
intubation, in diatrliu diagnosis, HI 
motor abnormalities, 162$ 
in nausea and vomiline, 154 
and pain of indigestion, 125 
pancreatic cancer invasion, 1668 
pancreatic tumor im-asion, 1660 
and pancreatitis, 1669 
perforation, 1604, 1624 
spasm, 1626 

and neurogenic nausea. 1716 
after opiates, 171$ 

Stasis, 1626 

ulcer. 144, 1592-1607, 1632 
/Sec also Ulcer, piptw) 

Duplay's disease, 1925 
Dwartfsm, $65, 667 


in cretinism, $85 
dental signs, 1551 
m ranconi syndrome, 749 
osteogenesis imperfecta and, 1887 
m schistosomiasu laponica, 122S 
‘Dye” test in tosoplasmosis, 1208 
Dysarthria, 5S0 

in hepatolenticular degeneration, 

770 

m St. Louis encephalitis, 1155 
m scleredema, 1901 
in trypanosomiasis, 1206 
m western equine encephalitis, 1155 
Dyschezia. 142 
Dysentery, amebve. 1197 
(See also Amebi.isis) 

“asylum,” 949 
bacvllaty, 945-951, 164Q 
and colitis, 1650 
Reiter’s syndrome, 1907 
(Sec also Shigella infections) 
chronic, m Laennec's cirrhosis, 1685 
viral. 1154 
"n-alking,’' 1197 

Dysglobulmemia, purpura associated with, 

2245I317 

DysVinesia, biliary (see Biliary dysUnesia) 
Dyslalia, 579 

Dysostosis, craniofacial, 1728 


Dysostosis multiplei, I8S8 
(See also Iluricr syndrome) 

Dyspepsia, common duct stones, 1674 
functional, 1620 
and dur^enal ulcer, 1596 
(See also Indigestton) 

Dysphagia, 152-134 
and aebabsia, 152 
acute bulbar poliomyelitis, 1 55 
age factor. 152, 158a 
in aneurysm of aorta, 155 
and angioneurotic edema of tongue, 154 
aortic imgs, 153 
m botulism, 155 
bulbar paky, 153 
and cardiospasm, 1587 
cerebral vascular aendents, 1 55 
classi&cation, 152 
in deimalonviositis, 155 
diaphrasmalic hernia, 1 55 
d>p)ithctitic polyneuritis, 153 
and edema, 155, 154, is86 
esophageal. 152. 1585, 1586, 1589 
and food intake. 1585 
and icncign bodm, 1 $89 
bepatolcnlieulat degeneration, 155 
m^iastmal tumor 155 
imiia) stenosis, 155 
and myasthenia ^vis. 155 
neuromuscular disturbances, 155 
erophaiyngcal. 1585 
and pliaryns, atrophic changes. 155 
m Plumnier-Vinson syndrome, 155, 1589 
in pohomyciitis. 1146 
til scleredema, 1901 
and scleroderma. ISSS, 1897 
sideropenic. 1589 
and thyroid ksions. 155 
treatment, 1584, 1586 
and tumors. 1 589 
malignant, 152. 155. 1584 
Wilson's disMSC. 135 
Dysphoma, 581 
Dyspnea, air flow and, 107 
allied manifestations, 104 
approach to patient with. 115 
in asthma, mceliamsm of. 1265 
in bacteremia, 952 
cardiac, 115 

circulation lime and, 1580 
description of. 105 
difTerentuI dugnosu of, 1 1 5. 1 580 
emotional. 115 
euipbyacma and, 1518 
fatigue of respiratoiT muscles and, 106 
heart failure and. 1 580 
in lluiicr syndrome, 1885 
load of breathing and, J07 
maximal brcalliing apacity and, 106 
nt«lv3nwms of, 106 
minute ventilation and, 106 
neuromuscular system and, 107 
oxygen diffusion and, 107 
psychogenic, 115 
pulmona^. 115 
tumors of lone and, 1565 
Dyspnea index, 106 

Dysprolcincinwfs), congenital. 751-753 
agammaglobulinemia, 752 
blood coagulation protem factors, 752 
detection, 752 
metal bmding proteins, 752 
Dysraplwsti with menraeavaTelocelt, 1719 
Dyssebacia in pellagra. 545 
D) stonu (torsion spasm), 255 

in hepatolcntiealar degeneratioti. 771 
Dystono muscuhmim deformans, 244, 1866 
Dystrophia mcsodmnalis congenita. 18S4 
(See also hfarfan syndrome) 

Dysuria, 176 


Cai(s). hearing dnotders, 295-294 
(See also Deafness) 
pressure cSeeb, air tiavd, 849 
barotrauma, 842 


"Ear block," 842 
Eastern equmc encephalitis, 1155 
Eating habits, 191 
Eaton agent, 1120 
Ebstein’s anomaly, 1452 
congenital heart disease and, I432 
Ebumation, 1919 

Eccbymoscs. m Afima polymorphs infec- 
tions, 972 
in plague, 967 

m Rocky Mountain Spotted fever, 1097 
Ecerine sweat glands, 84 
Ecbmocoeciasis, 1254-1236 
Echinococcus cysts, and biliary obstruction, 

and cholangitis, 1717 
and laundicc, 1717 
of kidney, 1 504 

Echinococcus multiioculans infection. 1235 
Echo viruses, 1 1 35-1 1 54 
Eclampsia, 1552, 149S-1500 
as ciutc of leukemoid picture, 1351 
ebnical features of, 1498 
convulsions and, 1499 
edema and, 1499 
heart failure and 1499 
hvpertension and, 1499 
pathology of, H9S 
protiinuru and, 1499 
pvcioneplintis and, 1499 
treatment of, 1555. 1499 
uremia and, 178 
Ecthyma gangrenosum. 95$ 

Ecthima mfectiosum, 1174 
Ectodermal dysplasia, hereditary, 1581. 

1582 

Ectopia lentis in Marfan's syndrome, 1884 
Ecttomclja, 1164 
Eczema. 1^26-1928 
chronic, 1927 
infantile, 1927 
Eczema herpetieum, 1171 
Eczematous dermatitis, 1927 
Eddowes' disease (see Osteogenesis imuec 
fecta) 

Cdeinj. lh. I81-1S6 
of acute glomerulonepbiitis, 185 
m anemia, 208 

angioneurotic, of tongue, 554 
in anthrax. 974 
appiiidiceal serosa, 1656 
m biliary cirrhosis, 1692 
m brain tumon, 1814 
cardiac, 1584 
cerebral, 1045 
tiaumatic, 1799 . 
in Chagas disease, 1207 
m cholcdocliohthiasis. 1715 
of cirrhosis, 185 
in Cushing's syndrome, 618 
in diabetes insipidus, 581 
differential diagnosis. 165 
and divcrlicuhtis, 1645 
and duodenitis, 162$ 
and dysphagia, 135, 154, 1586 
m eastern equmc encephalitis, Il55 
eclampsia and, 1499 
in epidemic hemorrhagic fever, IJ87 
esophageal. 155, 1586 
in fluid exchange, 452 
m gastritis. 1618 
generalized, 181 
of heart favlnie, 18$ 
in hepatitis, subacute, 1675 
viral, 1673, 1674 
humoral factors. 184 
m hyperaldosterorasni, 622-625 
m ileitis, 1628 

intestinal, in Whipple’s disease, 1631 
in kata azar, 1205 
localized, 181, 185 
mesentenefat, 1627 
nephrosis and, 1488 
of nephrotic syndrome, 185 
of nutntional origin, 185 
m panneabtis, 1661, 1662 
pathogenesis, 181, 185 

/ 
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Edema, periorbital, causes of, H52 
m PoisoniuB, 817 

pulmonarj (see I’ulmonary edeina) 
renal facton, 183 

m Rocky Mountain siwltcd feser, 1057 
and salt restriction, 1683 
treatment of, 13S9 
Fdrophonium, action of, 237 
CDTA jefhylenediaminetetraacetatcl, 812 
ro lead poisoning. SM 
TEC (see Enccphilifis, eastern equinej 
rffectue osmotic pressure, 182 
plasma, 182 
tissue uiiids, 182 

CMcrsDanlos ^diome, 1885-1886 
bleeding in, 224 
inheritance of. 1886 
Cbilicb reaction, 761 
for urobilinogen, 204 
Chrlicli’a test, 143 

Ciulhovcn'j triangle, eleetroeatdioetam. 306 
r iscnmcnger'j complex, 142S 
Election sound, pulmonary hypeitension, 
1418 

t>-slolic click, 1418 
(See also Murmur, election) 


EIcctcManliogram, myocardul hypoxu and, 

negative waves, 51 3 
norma), 519 

orthogonal tcfcrence frame aiiii, 506 
PMve. 51 J 
palpitations and, 91 
pericardiluand. 518, 1467 
polaitzation and. 500 
positne waxes. 515 
postprandial charges in, 1446 
rntassiam Intoxication and, H94 
P R interval, 514 
pulmonary infarction and, 1555 
in polRiimic attnoMS, 1430 
Dwase. 513 
QRS complex, 514 
UR.S duration. 5!4 
yRSTanglc. 516 
O T inicrsal, 514 
It «ase, 51 } 

- 1.515 


504 

magnitude of, 504 
Electrical injury, 855-357 
alternating currents, 855 

dirtcl curretits, 855 
grounding, 855 
management. 856 
prevention. 856 
Electrical n«Tosia, 855 
Electrical potentui, lonie Sow and, 501 
Cleclncal veeton, cancellation of, 502 
diagrams of. 502 
Clictrocardlogram, 499-520 
in acute rheumatic fever, 915 
age and, 1418 
angina pectoris and, 1445 
m anginal pain, 35 

wuh anomalous prigiu of coronary i 
tery, 1430 
anxiety and, 1447 
area at vectors, 515 
atri.'il depolarization and. 513 
in atrial septal defect. 1430 
augmented unioolar leads and, 50S 
bundle branch clock and, 519 
cincellation of electrical forces, 500 
cardiac contusion and, 1447 
central terminal and, 507 
ehest leads and, 508 
congenital heart disease and, 1418 
correlation svilli clinical cvioence, 513 
correlation with pathologic evidence, 5 
death of muscle and. 50s 
depolarization and, 500 
in di.igiiosis of cardiac disease, 1413 
Emtboven’t triangle and, 505 
electrode position and, 1446 
electroRtes and. 501 
m emetine intoxication, 1199 
errors m lead sjslcms and. 509 
excitation and 500 
exploring electrode and, 507 
frontal plane and. 506 
general considerations of, 500 
indifferent electrode" and, 507 
infarct and, 517 
iniory and, 517 
injury current and. 503 
mterpretation of. 514 
ischemia and, 517 
istliemic changes fn, 1446 
KirfhhofTs law and. 507 
lead field and, 509 
leads, 505 

left bundle branch block and. 519 
left ventricular hiTscrtropliy, 517 
methods. 513-514 
miimterpretation of, 1379, 1446 


relation of 1 to QR3. 515 

repolarization ana. 500 

right bundle branch block and, 519 

right ventmilat hyperltoplir and, 519 

in Rocky Mountain spotted fever, 1097 

8 nave. 515 

S' wave, 514 

lagitUi plane and, 507 

scalar. 510 

serial records, 518 

of sinsle cell, 500 

spread ot depntanratioit. 511 

S-T segment, 514 

standaid leads and. 506 

T wave. 514 

misinterprelatioa of. 514 
tcehniquea of recording. 505 
terminology, 5IV5i4 
(ransinixsion of clcctrieal forces. 500 
transverse plane and, 507 
U wave. 514 
unipolar leads and, 507 
V lead* and, 507 
vector loops, 511 
vectors and, 501. 510 
venincubr ectopic beats and. 519 
in tenlriailat muscle. 501 
ventriRilar preponderance and, 503 
volume conductor and. 504 
IVjliofl leads and, 507 
Electroencephalogram. 520-526 
sbnotmal record, 523 
m barbiturate intoxication, 809 
■n brain abscess. 1043 
clinical axes. 525 
in coma. 312. 315. 525 
in delirram, 358 
m epilepsy. 331, 536, 339. 524 
with hypercapnia and liypaxia. 1522 
in neurologic diseases, 523 
normal record. 521-522 
technique, 52l 

□cctiplytcs. addibonal rcquifementi,453 
adynamic ilens. 1633 
ascilic Suid plasma exchange, 154 
balance (see Fluid and electrolyte bal 
ante) 

basal rcquircRients, 457 

dcfiacncy, in excessive vi 

depiction, in heart failure, 1 38 . 
exchanges, external. tenaL 456 
sixtli sraier, 455-456 
internal, 455 
fecal loss m diartbea, HO 
m gastric dilatation, 1623 
in intestinal obstruction, 1635 
and psncrcaUC secretion, 1660 
prioperative, forcatieer. 1669 
in pylMK stenosis, 1623 
replacement therapy, l635 
in ganslone management, 1714 
m pstfilis, 1618 
in ncpahceoma, 1690 
m Seram, 4W 
in liver disease, 155, 1686 


and ulcerative colitis, 1651 
riitlroinstigrjpfiy. 526-531 
fjsciculjtion. >28 
fihrfliitimi pattern, 527 
motor unit, 527 
in muscular dystrophy. 529 
m myasthenia gravis, >29 
normal record, 523 
rn peripheral neuropathy, 530 
in poljxnjositis. 529 
Elcttron transport, 482 
rceiilation of, 485 

nepiianlwsis, in thromoblivtomycosis, 1067 
mrilariaiii. 1224 

m lymphogranuloma vcncTCum eslhio' 
tsvetse, 1 177 

riKivortli Howard test. 603-604 
hnibilcn-Mcycthof pathway. 477 
Iliiibolisin, air, tniimilic, o45 
■n bacterni endocarditis, 1040 
biliary tract. 1717 
causes of. 1 371 
cerebral. 1776-1779 
manifestations, 1371 
mesentenc, causes. 1634 
paradoxic, 1417 

pulmonarWsce Pulmonary embolism) 
(S'ee also Tiicomb^niboliiin) 
riiiergmcy and alarm leactioni, 271 
I luetiiie, in amebiasis. I |9S 
learlions avsocia'cd ssith. 127! 

Emotions, and dnndenal nicer, 1593 
and dysphagia, 134 
and gastric motor activtty, 1620 
and pstne secretion, 1590, 1591 
in duodenal ulcer, 1 593 
and gastritis, 127 
ami gasttodiiodenal disease 1592 
and ptlroinlcstirul conplaints, 1 5'’$ 
and indigestion, 130 
and infrtldify, 685 

in irritable colon syndrome, 140. 1641, 
1644 

pjin and, 13 
angina pectoris, 1443 
ihcsl pain. 38 
and paiirrealitu, 1662 
and peptic nicer, 1592, 1599 
and regional enlnitit, 1630 
rSee also I’svchogcnic factors) 
Cmphysetna. 1514-1521 
aging and, 1517, 1518 
bronchial asthma and. 1518 
bronchiectiui, 1549 
bronchinlilii and. 1 518 
bronchitis and (see Bronchitis, cliranic) 
broiichodilator drugs and, 1 520 
bulla and, 1557 
capillary bed and, 1530 
carbon dioxide mscissitivitv and, 1523 
ciguctte smoking and, 1517 
cimica] manifeUaliona of, 1518 
compcnialory, 1516 
tot poimowate and, ISIS. 1520, 1538 
course of, 1520 . 

deetease m pulmonary capilbry bed and, 
1526 

from destruction of walls and airrpaccs, 
1517 

dugnosis, 1520 

distinction from bronchial asthma, 1 ’-9 
disturbances in ventilation pcrfiisioii ftb 
tionslnps, 1520 
dnpnea and. 1 518 
expiratory obstruction and. 1 520 
Bbrocyslicdiscareand, l5iS 
fluoroscopic exammatioti and, 1 519 
focal, 1517 

hypercapnea and, 1520 
hypoxia and. 1520 
ixilerstitul, 1516 

with imgiilar distribution. Im7 

m^iastm-sl, 1516-1521, 1567 
in asthma. 1265 
mucosiscidosis and, 1518 



Emphricma, obstnjrtive, 1517 
anil fibroCMlic disease. 16^6 
onset of, 1518 

ranacinar. from btonclnal obstniclior 

, '517 

dositueliic, 1517 
paradoTic pnlsc and. 1519 
patlmlog- of. 1518 
pjilioplijsiolopv of. 1520 
rcplic ulcer and. 1520 
tlnsiQl sijpss of. 1518 
rot)C>tlictitia and, 1520 
rmstire effects, 852 
pu'iiioiiary, 1516 
put iionar> lesistance and. 1 520 
respiralnr) acidosis and. 1 520 
rnpiraton depression and. 1522 
respiratory failure and, I S2Q 
tcspiratorv function tests and. 1 520 
sende. 1516 
silicosis and. 1515 
iubcti*aneoiis, 1516 


ts-iied M’al capacity and. 1520 
X tav of chest and, 1519 
rmpscina, anactohie sirerlococcal. 923 
brain abscess and. 1 55s 
bioncbonteiiral hstula and. 155S 
and cliofrevs*ilis. 1712 
clitonie, 1555-1559 
plijsical sipii of. 1558 
pneumonia and. 1555 
treatment of. I >59 
liibereulosis and. 1335 
clubbed finjas and. 155S 
and lie|ialie abscess. 1699 

mised, |614 

pteiinl.and brain abscess, 1057 
pncumocoeeal. 559 
acaliosii and. 1555 
Keondary amsioidosis and, 1 555 
itapliyloeoral. 597, 900 
itieptococcal. 909 
iiiMnral, 1055 
m lubereulosis, 1015 
X ray findines in, 1555 
rmpyema necnsitatis, 8S9, 1028 
tncf^liabtu, acute neerotaint beitionha^'c, 

"allCTeie,*' 1166 

biundulant, 1156 

in cal4CTatch disease, 1 1 79 

Central Luiopean, 1156 

in chiclenpox. 1167 

in Colorado lick (ever, 1 190 

Cxeclioslos-akun. 1 1 5o 

in iliplitlietu,950 

eastern es)uine, 1155 

liemorriiagic, 1789 

in herpes iimptcx, 1172 

Japanese B, 1155-1156 

in lymplio^ic chotiocnmineilis virus, 

• . 

m Ij-mpliocranidoina venereum, 1177 
in measles, 1 1 SS 
mcnmcococcal, 926 
m mumps. 11^1 
Murray Valles. H55-1156 
postvaccinal. U66 
m rubella, 1160 
Russnn fai-castcm, 1156 
Russun sprmg-summcK 1156 
Russian tick borne, 11 >6 
.St Louis, 1155 
in smallpox, 1165 
suppurative. 1056 
syndrome of, 1 1 52-1 1 55 
in toxoplasmosis, 1209 
111 varicella, 1167 
sital, 1152-1157 
causes, 1153 
epidemic, 1 1 54-1 1 56 
etiology, 1155-1157 
poliovirus, 1153 
serologic reactions, 1155 


Encepbafitu, viral, somnolence in. 326 
sttemt3,1155 
svestem equine, 1155 
rneepbalitis letharDca, 1152-11 55 
hyperVsneiicsynoromcm, 1154 
pseudop^cltoncurolicsnidrome in, 1155 
seasonal inadcnce, 1 1 5 > 
somnolcnt-ophthalmoplceic syndrome in. 
1155 

Encc^haloliepatomyocarditis neonatorum, 

Enceptialomsetilis, acute disseminated, 1 830 
postexantnematoiis. 1830 
postvacanal. 1631) 

rncephalomyclopatliy, noninfectious, 1055 
Ericrphalopatby, m Addison's disease, 

h52 

vnlh aminoandtirsa, 1852 
in Cushinc's syndrome. 1852 
tiypercalccDiic, 1852 
hyp^eniivc, 1354, 1789 
treatment, 1360 
bvpoglycemic, 1851 
liynoxic, 1859 

sn nypopit'lMroidtsm, 1832 
in poisoning. 813^15 
of IhCT disease. 138 
«tth pulmonary diseases, 1830 
uremic, 1832 
(See also Hnccphalitis) 
rnceplulotngcminal syndrome, 1735 
f'ndamoeba eofi. 1196 
i.tidamoeba Jurfmanni, 1196 
l.'ndamoeba Jiistolytica, 150, 1196, 1650 
-Urge race.” 1196 
“irruD race."* 1 196 
Cndarteritis, bactcrul, 1039 
nlmon<Ila.958 

Endocardia] nbroclastosis, 1533. 1565 
l^ndoardial 6brosit resembling constrictive 
peticatdilis. 1572 
Endocarditis, bactertal. 1039-1045 
acute, Daetemntet, 937 
(losliidut. 997 
trysipc/orhfif. 981 
irmococeal. 9J9 
ilemophWtts, 953 
Luteria monoo tomes. 930 
pneomococeal, 6S9, 892 
i'seudomonas. 936 
staphylococcal, 893 
Sttcpiobaaffus nmittfonnis, 976 
streptococcal, 917 
in tolaremu, 965 
in typhoid. 950 

acute glomerular nrphntis and, 1579 
aortic stenosis and. 1535 
and bacteremia, 1039 
blood cultuics. 1052 
coneeniial heart diseareand, H2I 
ettoiogic agents, 1039, 1013 
fever in, 66 
histoplasmosis. 1060 
lopos erythematosus and. 1895 
in Marfan syndrome. 1685 
meningococcal, 926 
mitral stenosis and, 1537 
in poliomyehtis. 1155 
in polyarteiKis nodosa, 1691 
and pyogenic infections. 1693 
ic1apsc,1053 
subacute, 1039-1043 
m bnjccnosis. 961 
Afima poJymorpha, 973 
Spiril/um niinns. 1089 
V\bno/ctux. 972 
treatment, 1052 
constrictive, 1472 
ffbioptastic. 1464 
monilial, 1062 

rndocardium, diseases of, 1464 
endocrine disorders (see Hormonal dis- 
turbances) 

endocrine insufEciciicy (see Adrenal corti 
cal insnfficieiicy) 

Cndometonvis. 677-678 
back pain arid, 52 


Endometriosis, and colonic disease, 1653, 
1655 

Endometritis and bactcroides mfections, 

937 

Endomyocardilii resembling constrictive 
pericarditis, 1572 

Endophthalmitis due to nematodes, 419 
I'ndoscopy in gastno bleeding, 1600 
Endotoxin, in plague, 967 
in typhoid, 950 

Endotracheal tube for airway obstruction, 

Enema, barium (see Barium enema) 
for intestinal tract blood clearance, 1690 
m rectal constipation, 1655 
warm cottonseed oil in diverticulitis 
treatment, 1656 
Energy formation, 585 
Enfermedjd de foi chieleros, 1202 
(See also Leishmaniasis) 

Enteric fever, 939 

(See also 'Typhoid fever) 

Enteric virus diseases. 1 12^1135 
(See also Carlroenlentis) 

Enterrtis, geotnehenvs, 1065 
and pcrirccUl abscesses, 1658 
pseudomonas. 935 
regional, 1626-1631 
age factor, 1626 
and arthritis, 1916-1917 
bleeding, 1650 

and carcinoma of small intestine, 1632 
and colitis, 1655, 165S 
complication. 1630 
dugnosu, 1627, 1629 
diffetcntial, 1655 
and dianbea, 150-151 
palliogenois, 1627 
perforation, 1627, 1628 
retiirrenec, 1631 
"skip" area, 1629 
stenotic phase, 1629 
surgical therapy, 1630 
nlmonella. 957 
and itaplijlococei, 1657, 1658 
tiatment, 1630 
tuberculous, 1017 
Enteritis necretans, 997 
mterobiasis, 1219 
FnterobiiM vermicularis, 1219 
Enterococci, 923 

Tnlerocolitis, acute necrotuing, 1657-1658 
1 ntcrogenous cyanosis, 1311 
Enterogenous sulfhemoglobincmia, 1313 
Entetuiiruses, 1123 
Enaymatie adaptation, 5S5--4S6 
Enrsmes. m bihrubm metabolism, 157 
m ncuborn. 151 
gene relationstiip. ”54 
nicta!<neyme complexes, 5S9 
pancreatic, in acute pancreatitis, 1661, 
1662 

m diarrbea diagnosis, 151 
in differential diagnosis. 1663 
proteolytic, in colonic inRamnvalory exu- 
dates, 1657 

in snake venoms, 1238— 1239 
Eosinophilia, m ancnic poisoning, 813 
m cat-snatch disease, 1179 
in enterobiasis, 1219 
in erythema infectiosum, 1162 
m ffliariasis, 1224 
in hepatitis, 1682 
in hookworm disease, 1215 
in polyartcntis nodosa, tS9Z 
from pyrazinamide, SSI 
in scarlet feicr, 907 
in schistosomiasis, 1227 
m Taenia solium infections, 1234 
tropical, 1556 
in ulcerative colitis. 1647 
in visceral brva migrans, 1218 
Eosinopliilic cells. 564 
in Wegener’s granulomatosis. 1901 
Eosinophilic CTanuloma, 783, 1337 


sinoptiiiic gran 
.if lung, 1 ^8 
xanthomatous, 782 
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Estrogenfs), calcium, phosphorus, asd ni- 
trogen retention with, 698 
in liver disease, 1 56 
in menopause, 675-676 
in mumps orcnitis, 1185 
in panh}popituit3risni, 567 
in postmenopausal osteoporosis, 706 
preparations for clinical use, 673-674 
protein bound iodine level and, 584 
secretion of, 671 
in urine, normal values, 1947 
Ether and hepatitis, 1704 
Ethionine and pancreatic lesions, 1662 
Etliylcne glycol poisoning, 824 
Ethylenediamineletraacetatc (EDTA), 812, 
814 

Etiocholanolone is familial Mediterranean 
fever, 1251 

rtiocholanolone fever, 1253 
Etisul in leprosy, 1023 
Euglycin, 1704 
Eunuchoid habitus. 666 
Eunuchoidism, 663, 674 
osteoporosis in, 707 
Euouchs, gigantism in, 563 
Evans blue dye in blood loss estimation, 
143 

Eventration of diaphragm, 1568 
in Ehlers Danlos syndrome, 1886 
Ea-art’s sign, 1467 
Ening's tumor, 720, 1570 
Exanthem (see Rash) 

Exanthem snbitnm (see Roseola infantum) 
Excitation, deSnition of, 300 
Excitation waves, spread of, 500 
Exercise, beneRcial effects of, 1444 
coronary blood flow and, 33 
electrocardiogram in, 38 
harmful effects of, 1444 
heart failure and, 1380 
in obesity, 195 
in treatment of back, 55 
Exfoliative dermatitis, 1927'1928 
Exophthalmic ophthalmoplegia, 590, 594, 

Exophthalmos. 589. 590, 594 
pulsating, 424 
treatment, 594 
unilateral (see Froptosis) 
in Von Recklinghausen's neurofibromstO' 
SIS, 1733 

Exophthalmos producing substance (EPS), 
563 

Exotoxin, in botulism, 993 
Ciostndium we/chii, 996 
in diphtheria, 9S3 
from stapliyloeocd, 895 
in tetanus, 989 
Expectorant drugs, 1573 
I-xpiralory reserve volume, 107 
I.xpressivity of inherited cnaraeteTS,43l 
Extracellular fluid, 188,449 
disturbances in heart failure, 1 3S9 
loss in excessive vomiting, 133 
Extraocular muscles, headache and, 24 
Extrapyramidal motor disturbances, differ- 
entut diagnosis, 258-2S9 
diseases of basal ganglions. 251-258 
discasa of cerebellum, 25S-259 
pathology, 253 
syndromes, congenital, 1737 
in orthostatic hypotension, 305 
ExlrapjTamidal motor system, 239 
pathways, 2SZ 

Extrasyxtotcs (see Premature beats) 
Extremities, color changes in, 1369 
ej-anosis of, 1 369 
malformations, 1732 

nodular tuberous lesions in bfliarj cxtrlio- 
sis. 1693 
pam in, 56-60 
causatgic. 59 
causes. 56 

chloride deficiency and, 59 
cold and, 57 

dubetic neuropathy and. 53 
differentul dugnosis, 59 


Extremities, pain ia, "doable response" 
and, 56 

embolism and, 58 
glomus tumor and, 59 
heat and, 57 
ischemia and, 57. 58 
night cramps and. 5$ 
paravotebra) blo^ and, 58 
from phantom hmb, $9 

shoulder hand syndrome, 59 
tabes dorsals amL 5s 
thrombosis and, 53 
redness of, 1369 

vascular dsease of (see Vascular disease 
of extremities) 

"Extnnac factor,” 1281 
Eye(s), antORomic disturbances, 271-272 
diseases, \iial, 1175-1176 
in head iniuty, 1796-1797 
in hyperthyroidism, 590-591 
iritis, ]630 

motility dishiibanccs, 286-290 
ocular muscle patsies, 2S8-290 
oculomotor nerve disorders, 286-291 
optic nerve disorders, 2S4-286 
pain in, 417 
in viral hepatitis, 1673 
(5eeabo Visual distutlsances) 

Eye signs, foffroy, 590 
Mobius, 590 
Stctlway, 590 
von Craefe. 590 
Eye worm, 1225 

Eyelids, xanthelasma in biliary adlio^s, 
1695 

Eyestrain, headache and, 24 


Face, m acromegaly, 568-569 
in cretinism, $85-586 
in myxedema, 586 
Facial bemispasm, 293 
Eanal nerve. 292-293 
Facial paralysis. 292 
congenital, 1740 
Facial sensation. 291 
Facteur antib^oiophilioue, 219 
Factor 1, 219 
Factor II. 219 
Factor HI. 219 
Factor IV. 219 
Factor V, 2l9 
Factor V dcflciency, 225 
Factor VI, 219 
Factor Vll. 219 

Factor Vll (5PCA) deficiency. 225 
Factor YlII, 219 

Factor Vlli deficiency. 1318-1321 
Factor IX. 219 
Factor IX deficiency, 1520 
Factor X. 219 

Factor X (Stuart Prower) deficiency, 225 
FAD (fbvroe-adeniiie dinvcieotide). 4SO 
Fagct’ssign. 1185 
Fainting, 304-310 
hysterical, 307 
(See also Sm«w) 

Fallopian tubes, obstruction. 6S5 
Fallot, tetralogy of (see Tetralogy of Eallot) 
Familial eardiomrcalv, 1465 
Familial cystine dialnests (see Fancom syn- 
drome) 

Familial hf^itesnneaR fever, 1251-1253 
Familial microcytic anemia. 1301 
Familial myoclonic cpilepsr, 246. 257. 1 863 
Familial ncniorascDlar dystrophy. 1671 
Familial pcnodic paralysis. 7>6, 739 
chemical bans. 250 
with IbyroinxKOiis. 727 
Fancom syndcome, 745-747, 775, 1325, 
1695 


hypoparathyroidism, 602 


Fanconi syndrome, with rickets or osteo- 
malacia, 713 
treatment, 749 
Farcy, 969 

(See a/so Glanders) 

Farmer’s lung, 1532 
Fascicular twitclimgs, 245 
Fascicubtion in muscle, 240, 256 
elcctromyograni, 527 
Fasciola hepatica, 1231, 1702 
pulmonary infiltration and, 1556 
Fasciohisis, 1231 
Fasciolopsiasis, 1231 
Fascio/opsis buski, 1231 
Fascioscapulohumeral dystrophy, 729,733 
Fat, absorption and digestion, 141 
in biliary obstruction, 1708 
dietary intake, and gallbladder, 1703, 
1710 

in hyperlipidemia, 779 
examination for, in stools, 558 
fecal loss. HI. f660. 1708 
(See also Stcatonha) 
intolerance, 125 
in cholecystitis, 1712 
and gastroduodenal motility, 170S 
liver infiltration, 153, 1670, 1680. 16S5 
1690 

and diet, 1695 
and fibrosis, 1686 
after pancreatectomy, 1660 
m tuberculosis, 1584 

mab^^|tion and bile salt exaction, 

and plasma, ACTII and, 1362 
emotion and, 1362 
cxereuc and, 1362 
heparin and, 1 362 
scrum albumin and, 1362 
thyroid hormone and. 1 362 
serum, normal values, 1943 
m stool, normal values, 1946 
unsalurated, atherosclerosis and, 1361 
Fat embolism of lung, 1537 
Fatigue, 3S4-3S5 
and chronic indigestion, 130 
in depression, 407 
m Dubin lohnsoR syndrome, 1700 
and dvsphagia, 1 34 
and hepatic dysfunction, 1686 
and indigestion, 130 
m Laenncc's cirthosii, 1686 
postliepatitu syndrome. 1677 
Fatty acids, examination lor, in stools, 558 
mobilization, 4S0 
normal values, 1943 
oxidation, 4S0 

deficient in alcoholism, 1685 
storage, 4S0 

synthesis from coenzyme A. 4S0 
Fatty iivct, 1695 

(See a/so Fat. hva infiltration) 

Fava beau, hemolytic anemu associated 
with, 1291 
poisoning by, 823 
Favus, 1939 
Febrile fits. 1744 

Febrile nonbacteiLil gasfrocnfnitis, 1134 
Feeaiilhs in ileocohtis, 1019 
Feces, bile exaction into, 161, 1668 
in biliary arrliosis, 1692, 1693 
in biluiy obstruclion. 1701 
bilirubin excretion, 14S 
blo^ conlenh 141-143, 1591, 1634, 
1659, 1654, 1668 
and red discoloration, 144-H5 
afla Bromrulphalcin lojertion. 144 
calaum loss, 1693 

itv cancer drteaion, 1653. 1654. 1667 
tby-colored. 149-150. 153. 1701 
cleansing techniques and nunSus ani, 
1658 

in colonic cancer, 1655, 1654 
and colonic motor acfuitv. 1639 
coinpoulion of romal, 1 35 
in constipation doenosis, 142 
in diatihea, 139-MI 
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"Fish moulh" vertebra, 1886 
Fish stmes. 1245 
"Fish in-strcatn," 952 
Fish bpenonn (sec Tapeworm, fish) 

FistuU, 1650, 1658 
artenosenous, of lune, 1 554 
bfonchohepatic, and liepalic abscess, 1699 
and colonic tumors, 1656 
cancer, 1654 

in dssetUculitis. 1645, 1646 
gastrocolic, and weight loss, 141 
and ileus, 1714 
panaca6c, 1665 
postgallbUddet surgery, 1714 
regional cntentis. 1627, 1629 
after surgery, 1651 
in tracts from gallstones, 1711 
erosion, 1715 

and ulcerative colitis treatment, 1652 
Fistula in ano, 1658 
in ulceratise colitis, 1650 
FitzhughCurtis syndrome (gonococcal peri- 
hepatitisi,929 
riaccidity, 25i 
riatulenee, 125 

m biliary disorders, 1707, 1716 
csplosist, vn rmlable colon syndrome, 
1645 

and gastric distenbon, 125 
and mdigestwn, 125 
and Incr disease, 152, 155 
Fleas, bites, 1245-1244 
in murme typhus, 1105 
in pneumonic pbgue, 966 
riCTibilitas cerea, 327 
Flies, poliomyelitis earned by. 1 1 40 
Flow, relation to distance and pressure. 95 
Flutdfs), additional requirements. 458 
administration, techniques, 458 
aWallne loss, and intestinal obstruction, 
1654 

repbeement, 1655 

avaibble for pstenteral administration, 

458 

basal requirements. 457 
body (see Body fluids) 
extracellular loss m excessive vomiting, 

155 

fecal loss in diarrhea, 140 
imbalance in pyloric stenosis, 1625 
paracentesis, IoS8 

patentenh in pllstone management, 

retention, in liver disease, 154-155 
(See also Ascites) 
after prednisone, l6S8 
and salt restriction, 1688 
thoracentesis, 16S8 
(See also DeliYdialion) 

Fluid and electrolyte balance, 449-456 
clinical considerations, 457-462 
in poisoning, 817 
Fluorescein string test, 1600, 1601 
Fluoride poisoning, 825 
Fluorine, in body, 493 
chemical pathology, 493-494 
physiology, 495 
public health, 494 

9 a Fluorobydrocottisone lO Addison'S dis 
ease, 615 
Fluorosis, 824 
denbl, 495, 494, 1581 
Fluorotic osteosclerosis, 495, 494 
Fluiy virus, 1151 
Fogo selvagcm, 1929 

Fohe acid, in Laennec's dnhosis, 1635, 
1687 

nature of, 1281-1282 
in peimcions anemu, 1281 
relation to vitamin C, 541 
Folic acid anbgonists in treatment of acute 
leulemia, 1354 

Follicle stimulating hormone (FSIf), 565, 

lit menstruation, 671-672 
Folhculitw, anal, 1034 
sbphylococcal, 896 


Food^ »piration into larynx and dysphagia, 

intolerance and galTbladdet disease. 128, 
131 

Food allergy, 128 
and biliary cirrhosis, 1691 
and indigestion, 130-131 
Pood poisoning, abdominal pam and, 41 
clostridial, 997 
salraondla, 947 
staphylococcai, 893 
Foot and mouth disease, 1173 
Foramen of LuschLa, atresia, 1726 
Foramen ol Magtndie, atresia, 1726 
Foramen oi Moieagni, bcmiatton through, 
1568 

Forehheimcr spots, 1160 
Foreign bodies, m air passages, 1553 
aspiration, and lung abscess, 1 552 
and pneumonia, 1552 
in esophagus and dyspliagia, 135, 1589 
intestinal obstniction, 1655 
in lung, bronchiecbsis and, 1549 
in Stomach, 1622 

Foreipi substances, reactions to, 1257- 

Foiesl yaws, 1202 
Formaldehyde poisoning, 824 
reactions associated with, 1272 
Formal gel test, in bala-aiat, 1205 
in trypanosomiasis. 1206 
Foshy vaccine, 965 

Fowler's solution (pobssium atsenite), 812 
Fragilitas ossmm (see Osteogenesis imper- 
fecta) 

Frambesia, 1082 
(See also Yaws) 

Fredks, 788 
Fici test. 1177 

Friction tub. perieardial, 1415, 1467 
Fnedlander bacilli, 958-959 
and pyogenic abscess of liver, 1698 
(See also Klcbsietlal 
Fnedman test, 673 
Friedreich's ataxia, 1868 
heart disease and, 1464 
Froehtich's syndrome. 274. 571-572. 667 
Froehheh's type of habitos, 571 
Frontal lobes, functions. 346-347 
Frostbite, 83^.839-840 
sequelae, 840 

Frozen shoulder (see Shoulder hand syn- 
drome) 

rnictoLmase, 776 
Fructose in diabetic acidosis, 654 
Fiuctosuria, 776 
with hypoglycemia, 776 
FSH (see Follicleetimulaling honnone) 

F U (see Urobilinogen, (eeal| 

Fuadin in treatment of schislosOmissiL 
1227 

Fungi, JD5I-I063 
clilamydospores, 1051 
conidia, 1051 
dimorphism in, 1051 
bypeisensrtmtv, 1052 
sins disease, 1935-1939 
Fungizone (amphotericin), 878 
m cryptococcosis, 1055 
Funnel chert (see Pectus excavatum} 

FUO. (seeFeve^of uotnown origin) 
Furadanim (nitrohnantoin), 879 
in pyelonephnbs, 1038 
reactions associalH with, 1273 
Furuncles, in diabetes meUihiS, 652 
staphylococcal, 896 


Gait. 280-284 
atlictobc, 282 
cerebellar. 281 

m cerebral spastic diplegia, 1735 
choreic, 282 
drunken, 283 


Gait, dystotic, 282 
Fournier’s test, 281 
Frankel’s test. 281 
hemiplegic, 281 
hystencal, 283 
paraplegic, 2SI 
senile, 283 
sensory ataxia, 281 
steppage (equine), 282 
testing, 172£ 
waddling, 2S5 

Galactose tolerance in galactosemia, 777 
Galactose tolerance test, normal values, 
1944 

Cabctostmia, congenital, 777 
and fatty liver, 1693 
and Laennec’s cwxhosis, 1685 
mental retardation in, 1742 
Calactosuna, 776 
in hepatic disease, 776 
in hvperthyToidism. 776 
CaUbladdcr. 1706-1718 
acute inflammation, 1711 
bile uptake, 1707 
in biliary cirrhosis, 1695 
canar, 153, 1701, Pll 
and biliary tract infection, 1717 
metastases from, 1698 
and Slones, 1665 1 71 1 
congenital abnormalities, 1717 
diseases, 1706-1 71 S 
diagnosis, 1708-1710 
and indigestion, 125, 12&-151 
drainage, 1/15 

in duct obstruction, 1701, 1707 
and duodenal ulcer, 1597 

S erfpration, 1604 
enterohepatie circulation. 1703 
fatty meal stimulation, 1708, 1710 
fistulous tracts from gallstone erosion. 
1715 

end food intolerance, 128, 151 
hydropic, 1707 

and indigestion symptoms, 1708 
infection spread and cholangitis, 1702 
and iiundice, 149, 151, 155. 165, 1667, 
1707, 1710-1715 
normal, 1 709 

and pam. 125. 1597, 1707. 1710 
palpable, and live: disease, 1 53 
perforation, 1597 
and cholecyslititis. 1712 
polypoid masses, 1717 
and stone formation, 1710 
(See also Gallstones) 

"stiawbeny,” 1712 
traumatic rupture, 1717 
tonior. 1717 
wall erosion. 1712 
Gallop, atrial. 1408 
filling, 1409 
protodiastolic, 1409 
Gallstones, 1703-1711 

and acute cholecystitis, 1711 
and acute pancreablis, 166, 1662 
age factor, 1710, 171 1, 1714 
asymptomatic, 1/11 
and bilcjrycolic, 1707. 1710, 1711 
and ble^ing, 1708 
and cancer, 1668, 1711 
and cholangitis, 1 71 1 . . 

and cholelithiasis. 1710, 1711, 1715 
complications, 1711, 1714-1715 
composition. 1710 
diagnosis, 1668, 170S-17J0 
gallbladder wall erosion, 1712 
deus. 1711. 1713-1714 
intestinal obstruction, 1655 
multiple, 1710 
and pancreatic disease, 1666 
chronic relapsing. 1665, 1666 
passage to duodenum, 171 5 
postcholecystectomy, 17)6-1717 
sue. 1710, 1714 
heatment, 1711, 1714-1715 
(See also Cholelithiasis) 

Camcfccyles in malaria, 1199 
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Gamma aminobutyric acid (CABA), epi- 
lepsy inhibited by, J3> 

Gamma globulin, m gangrenous laccmia, 
116d 

in lupus erythematosus, 1892 
in measles, 1159 
in mumps, ) 185 
in pertussis, 957 
m poliomyelitis, 1H7 
in rlicumatoid arthritis, 1911 
in scleredema, 1901 
m scleroderma, 1B9S 
scrum, in infectious mononucleosis. 1685 
in lupoid hepatitis. 1679 
m Sjogren s syndrome, 1917 
m temporal artentis, 1899 
m lira! hepatitis prevention, 1679 
Gamma motor system m crtrapyramidal 
rigidity. 245 

f.jmma rays, radation injury, 850 
Gamstorp's disease, 759 
Ginglioneuroma, 654 

Ganglionic blocking agents (see Blocking 
agents) 

Cangliosides, 778 
Gangosa in yaws, 1085 
Gangrene, in appendicitis, 1657 
m cholecystitis, 1712 
in diabetes mcllitus, 656-657 
in epidemic typhus, 1105 
gas (see Gas gangrene) 
procressivc bacterial synergistic, 925 
in Vcoeky Mountain spotted lever, 1097 
Cantrisin, 870 
Cargoy'- 

Gargnjli 

ecrebral disorder in, 1860 
(See aho Hurler syndrome) 

Cas (gases), abdominDl. 125 
111 diarrhea, 159, 140 
and duodenal ulcer, 1596 
(See also Beleliing) 
toxic, 824 
Gas eniboii, 842 
Gas gangrene, clostridial. 996 
confusion srith anaerobic streptococcal 
infection, 925 
prophylaxis, 998 

simalation by coliform infections, 952 
treiiment, 99S 

Gas wsonwg, treatment, \5A5 
Cisolitie poirrming, 824 
Gasserian ganglion, 291 
Gasrcrophilus, 1216 
Castreetomy, 1617 
subtotal, 1605-1606 
Castile acidity (sec Stomach, secrctionl 
Gastric cniis, 1074 
Gastric dilatation, acute, I6Z2 
Gastric distention (see Abdominal dislen 
turn) 

Gastric luice, acidify, 1595 

and esophageal ranees, 1689 
in gastritis, 1619 
measurement. 1590-1591, 1596 
and pain, 126 
in peptic csoplugitis, 1586 
treatment, 1586, 1598-1599, 1689 
and ulcer, 126, 1610 
contenh, normal rabies. 1944 
liypcisecrelion and diarrhea. 141 
rcgiirgitabon and dysphagia, 155 
(bee aho Stomach, secretion) 

Gastric motility, 1703 

and biliary dyjlineria, 1715-1716 
in caidiospasm, 1587-1583 
awl cnrotions., 1620 
and normal mixed diet, 1 58 
Cartiic resection, anemu follorring, 1286 
Gartlie ranees and colhleral circublion. 
156 

Cirtrin, intcura release, 1590, 1591 
Castritir, 1618-1620 
aen'e. 1618 

ditfure giant hyperttopliic, 1619-1620 
a?c factor, 1613, 1619 
and plcohol, 144, 1618, 1619 


Gastritis, and anemia, I6IS, 1619 
atrophic, 1614, 1618 
and beaoats, 1622 
and cancer, 1614, 1619, 1646 
chronic 16H. 1618 
diagnosis, 152, 155 
oiffcrential. 1596 
and duodenal nicer, 1596 
and lieniorsliage, 144 
and indigestion, 127 
and mycotic infeebon, 1622 
supetfictal, 1618 
symptoms, 1618. 1619, 1622 
Ireahnent, 1618-1619 
in rdralli^iita, 155 
Cartroduodeoal disease 1590-1607 
(See also Duodenum, Stomach) 
Gistrodui^enoslomy, 1 606 
Gistroenteiitis, afcime nonbacterial, 1154 
appendicitis differentiation, 1657, 1658 
and diarrhea, 140, 1654, 1658 
and hepalilir, 1674 
neonatal. 912 

pseudomonas bacilli in, 955 
and paracolon baciUi, 952 
salmonella, 947 
m tubremia. 964 
nral. 159-140,1134-1155 
afebrile, 1154 
Echo. 1155 
febrile, II 54 

Gastromtcstmal fanetion tests, normal val- 
ues. 1944-1945 

Caslroinlestinal bemonhaee. 145, 158, 
1601, 1652. 1655 
blood clearance. 1690 
irith brain d«ea«e, 275 
diffCTential diagnosis, 129. 1600 
hepatic failure precipitation. 1687 
m lupus erythematosus, 1894 
and pancreatic cancer, 1668 
in pseudoxanthoma elaslicum. 1868 
- ' saticrlafes. 1609-1610 
941 


-.1 typhoid, . -- 
'xeaVness in, 507 
(See also hfeicna) 

CastTomtestinal tract, 1577-1581 
and alcohol, 150 

asym^Wmatie gxstne cancer screeniDg, 

bihary atixytommisfoi ytirrtwa, 55\4 
bilirubin reductive reactions, 149 
bleeding 141, 1601, 1652. 1655 
blood clearance, 1690 
causer, 222 

and coma, hepatic, 1 58 
diffeientval diagnosis. 119 
hepatic failure precipitation. 1687 
pancicatic cancer iniasion. 1668 
and salicylates, 1609-I6IQ 
signs, 1600 

(See abo Castioinleslinal hemonhage) 
bolus passae^l 58-159 
(See also Defecation) 
caicinoRia (sce^rcinomaj 
m dniihea, 139-141, 165/ 

(See afro Dianhci) 
disordeis, 1577-1580 
and efioiccystilas, 1712 
dioznosu, 1577-1578, 1600-1601 
diftercntial, 127. 132. 140, 1710 
digestne complauiU. 124-158. 1578. 

1660 

in biliary slnchire. 1714 
in eholecyslitis. 1712 
dielotbcnpy, 158. 1715 
liinctional cmnplamtt, 150, 1576, 1 579 
postcholeeysteci o iu y . 1716 
ostcomalada in, 711, 712 
treatment, 1579-1581 
distention, 1657 

and bOncy tract disease^ 1707-ITOS 
gas 6iteil pancreatitis loops, 1 6^ 
in regional cnieniis, 16^ 
dll citteulosis uicidLficc, 1641 
drug leaelions (table), 1272-1273 


vertical laceration, I 
fistulas, 1627 
fluid exchange in, 456 
in gastroduodenal disease, I59(h-I607 
infarction in portal vein tliroinbO'is, 1705 
infljnimalion, 139-141, 1596, 1625, 
1652. 1714 
lesion. 1629 

localization, 128, 1 5) 
lipodystrophy, 141, 1651 
liver iron uptake from, m hemosiderosis, 
1695 

macrophages in Whipple’s disease, 1651 
motor components, 1708 
and abdominal pain, 1715 
and biliary dyskinesia, 1715-1716 
and cardiospasm, I5S7-158S 
and diet, fat content, 1703 
normal mixed. 1 58 
and emotions. 1620 
obstioclive syndromes, 1652-1636 
(See also Intestinal obstnictitm) 
pain. 1715 

and biliary coIiC, 1710 
and fonction, 1579 
and indigestion, 125, 129 
and peifoiation, 1710 
reference. 1659 
and pancreas disease. 1660 
ectopic tissue, 1669 
perforation, 1710 
strangxilstion. 1655, 1654 
symptoms, 159-140 
in acute infeetious disease, 156, 
interpretation, I57S-1S79, 1691 
oral, 1 5S 1-1 582 
m pobcyslic disease, 1699 
and himon of small intestine, 1652, 
1655 

m viral hepatitis. 1675 
urobilinogen formation and reabsorption, 
14$ 

Castiojeiunostomy. management after, 1618 
Casltoscopy, 1379 .. .... 

in psiric tumors, 1611, 1616, 1620, 1621 
m pstne ulcer, 152. loll 
m gastroduodenal disease, 1592 
bemaiemesisand mclena, 145 
for indigestion diaOTOSis, 128, 152 
in kiiK disease, 15-.. ..... 
Gaucher’s disease, 778, 7S0-781, 1557, 
1670. 1696 

cerebral disorder in 1860 
Gaze paraijsjs, 289-290 
Cene(i), enzyme relationship, 744 
inutaiion HI radiation injuty, 854 
iariant,744 

Gene mutant as etiologic agent in disease, 
427 

Genetic counseling, 435 
Genetic linkage, 428 
Genetic mimic, 455 

Genetics, biochemical, pnnciples of, 43>- 

■*17 

and disease, 427--(28 
Geniculate zoster, 295 
Cenocopy, 455 
Genome, 432 
Genotype, definition, 427 
Gentian violet in geotnehosis, 1065 
Cenu recurvatum, m EbTcrs Danlos syn 
drome, 1886 

in Marfan lyndrome, 18S4__ 

Ceorrichiuiii candidum. 1065 
Ceotficbosis, 1065-1066 
Ccrmiji measles (see Rubella) 

Cetsfmann’s syndrome, 548 
Gzant cells, Lnnghans, /9 
teuton. 79 

Ciardij lambJia, 1211, 1702. 1717 
Giaidiasis, UU-l2li 

treatment, 1212 
Gibbus (see Kyphoscoliosis) 

Giddiness, 276-277 
111 brain tumor, 1816 
Cipntism, 568 
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Gila monster bite, 1240 
Cilbcit’s S)Tidromc, 152, 1670 
bilinjbm overproduction, 1699-170(1 
Gilclifbl's disease, 1056 
Cities dc la Tourette’s disease, 246 
Cmgiva. in ascorbic acid deficiency, 540 
bleeding, 1582 
and systemic diseases, 1 5S2 
Gingivitis, bismuth in. 815 
herpes simplex. 1171 
Clanclcts, 969-970 
treatment, 970 
' Glandular lever,” 1248 
Ctanzmann’s thrombasthenia, 1318 
Glaucoma, 422 

central retinal venous occlusion and, 423 
congenital, 423 
headache and, 24, 416 
hypcrlcnsion and, 423 
Sturge-Webet disease, 1734 
Gleet. 929 

Glioblastoma rnultiforme. 1S17 
Gliomas, 566 
of pons, 1825 
■■CliltCT-eell," 1037 
Globaline, 1199 

Globulin, albumin ratios, 162, 1687 
infectious mononucleosis, 1683 
in pyogenic abscess, 1699 
Q, and a,. 584 
m amyloidosis, 1696 
in clironic intermittent eolita. 1650 
in eiiihosis, biliary, 1693 
ardiae, 1694 
Laennec's, 1687 
and extraliepatie infection, 159 
in hepatitis, 1675 
m iniectious mononucleosis, 1683 
in pyogenic abscess, 1699 
serum, 162 
normal values, 1943 

Globus hystericus, dysphagia differentiation, 

Glomerular cnsis, acute glameruloneplit'tis 
and, 1480 

Glomerular Sluation, acute glomenilone 
phiitu and, 1481 
chronic pyelon»htitis. 1486 
mechanism, 167 
Glomerular Eltiation rate, 16S 
in ascites, 154 
normal values, 1945 
renal clearance, 168 
GVomerulat lubulas vmbalance, \71 
Glomerulonephritis, acute, 1479-1482 
adrenal steroids and, 14S2 
aldosterone cuaetion and, 1480 
anemia and, 1481 
antibodies and. 1479 
antistrcptolysia titer and, 1482 
arthritis and, 1481 
bacterial endocarditis and, 1479 
blood volume and, 1480 
clinical course, 1482 
clinical features. 1480 
convulsions and, 1481 
differential diagnosis, 1482 
edema of face and, 1480 
etiology, 1479 

experimental nephritis and, 1479 
glomerular cnsis and, 14S0 
glomerular filtration and, 1481 
heart failure and, 99. 14S0 
hypertension and, 1481 
hypertensive enses and, 1482 
lupus erythematosus and, 1 500 
Masugi nephritis and, 1479 
oliguria and, 1481 
optic fundi and, 1481 
pathogenesis, 1479 
pathologic physiology, 1480 
pathology, 1479 

phenolsuHoncphthalein excretion and, 
1481 

prognosis, 1482 

protein sensitization and, 1479 

pulmonary edema and, 1480 


Clomenilonephritis, scute, purpura and, 
H8I 

sodium retention and, HSO 
streptococcal, 918 
treatment, 1482 
urinary findings, 14S1 
vasculitis and. 14S5 
viral mfeclion and. 1479 
in bacterial endocarditis, 1040 
chionic, 1482-1485 
anemia and, 1484 
azotemia and. 1484 
ctesentK type, 1483 
different patterns, 1483 
differenlial diagnosis, 1434 
cxactthalions, 14S4 
hypertension and, 1483 
latent type, 1433 
morbid anatomy, 1484 
nephrotic syndrome and, 1483 
prognosis, 1484 
treatment, 1484 
crescentic. 1433 
from gold, 1914 
in impetigo, 1030 
in lupus erythematosus, 1894 
membranous, glomeruloncphtosis and, 
1433 

m polyarteritis nodosa, 1690, 1691 
in sclerodcnna, 1898 
m Wegener's grannlomatosis, 1900 
Glomcruioscletosis, intercapillary, 656, 
1492 

Glomus lugulare syndrom^ 1824 
Clossina, 1205 

Glossitis, in atiboflavinosis, 537 
m pellagra. 543 
m sprue, 558 

Glossopharyngeal nerve. 295 
Glossopharyngeal neuralgia, 295 
Glolltlis in pertussis, 956 
Glucagon. 431 

Glucocorticoids, 485. 610-611 
Gluconeogcnesit, 189.484,611 
in osteoporosis, 707 

Clueosamine. serum, in amyloidosis. 784 
Glucose, activated, stoiase, 476 
blood, normal values, 1943 
blood level in diabetes mcllitus, 642 
entrance into cells, 433 
in gallstone management, 1714 
metabolism. 476-477, 483 
activation to glucose 6 phosphate, 483 
u» diabetes metlitus, 639 
reabsorption, 169 
storage as glycogen, 476 
synllvesis, 473 
glucocorticoids in, 611 
upCabr, 476 

Glucose 6 phosphate, melabolism, 476-478, 
483,484 

Glucose 6 phosphate dehydrogenase, dc- 
ficieni^, 427 

rebtion to hemolytic anemia, 1291 
Glucose tolerance tests, 642-643 
age factor, 1667 
diabetic type. 780 
and malabsorption, 141 
norma! values, 1945 
in pancreatic imufficiency, 1662. 1665 
Glucose liansport, msulm and, 639 
ClucGSaiia, alimentary, 77$ 

«ith gastcoctomy, 775 
with IliyrotoxKosis, 77$ 
and diabetes mdlitus, 643-644 
in mumps, 1181 
m nephiibs, 77$ 
in pregnancy, 77$ 
pseworcnal, 775 
tn rabies, 1150 
transient hyperglycemic, 775 
transient icna), 775 
true lenal, 775 
peimanent. 775 

Clucuromc acid, bdimbin conrngatiofl. 147, 
151, 152 
in melitana, 776 


Clucuronides, 147 

di- and mono ratios in biliary obstruction, 
150, 151 

formation, disorders, 777 
in liver in hyperbilirubinemia, 1700 
nephrolithiasis and. 177 
renal clearance, 149 

Glucuronyl transferase, scrum, 150-151 
Glutamic oxalacetic transaminase, liver dis- 
oiders, 164 

serum, normal values, 1944 
Glutamic pyruvic transaminase, 165 
serum, normal values, 5944 
Clutamme, scrum, in hepatic coma. 1 5S 
Gluten as cause of celiac disease, 555 
Cinten fiee diet for nonlicipical sprue, 560 
Glyceryl trinitrate (see Nifroglycerm) 
Cljeinufia, hereditary', 1505 
Glycogen, bteaVdown, 476-477, 483 

depletion m hypothermia reviafming, 837 
distribution in diabetes mcIIituS, 637 
mobilization, 477-478 
Storage of glucose as, 476 
synthesis, 476-478 
regulation, 483 

Glycogen storage disease, 772-774 
with abnormal phospliorylase activity, 

774 

biochemical defect m, 436 
eardiomegahc or neuromuscular, 773 
with cirrhosis, 774 
hepatorenal, »itb bypoglyccmia, 772 
CJycogenolysis, 772 
Cijcolysis, 477-478 
Chcosuru [see Glueosuria) 

Goiter, diet in formation of, 585 
nodular, 589, 590 
simple, 595-596 
treatment, 596 
substcrnal, 1569 

Goitrogenic substanctSi 585, 595 
Cold, poisoning, 813 
reactions associated with, 1272 
toxicity, 1914 

Cold compounds and hepatitis, 1704 
Cold therapy m rheumatoid arthritis, 1913 
Goldenrod, ray less, poisoning from. 826 
Colthwaite's sign, Wk pam and, 46 
Gonadal dysgenesis, 674-675 
Gonadal hornioncs, in bone metabolism, 
697-698 

increased secretion, 571 
insufficiency, 568 
in taelanatw. 788 
m menstrual cycle, 672, 673 
and osteoporosis, 704. 706 
Gonococcal mfeclions, coexisting syphilis, 
930 

and hepatitis, 1682 
prophylaxis, 930 
serology, 930 
treatment, 930 
Gonococcus, 927 

and pyogenic abscess of liver, 1693 
Conoreaction, 930 
Gonorrhea, 927-930 
bacteremia in, 929 
bacteriology, 929 
coexisting svphilts. 930 
epidemiology, 927-928 
prophylaxis, 950 
serology, 930 
treatment, 950 
Goundou m vans, 1035 
Gout, 765-768 
acute. 765. 767 
chronic, 765, 767 
chronic tophaceous. 764 
clinical picture. 765 
complications, 766 
diagnosis, 766 _ 
differential, 767 
diet 767 
etiology, 763 
incidence. 763 
interval. 765 
isotopic studies, 764 
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Cou(, tiJiicy and, 150$ 

t'4iIiotij?y. “Sd 

I toptijbvH. 768 
jcconiirT, 767 
treatment. 767 

Cnafian follicle, ruptured, and appendicitis. 
1658 

Culiam Stecll murmur, Hd2 
Crain products as cause of nonlropical 
sprue, 5>5 

Grand mai (see Epilepsy) 

Granular cell myoulastoma, 447 
Cranulocytopenia, chronic, cyclic, and re- 
current forms, 1 522 
eyclic. 1252 
familial form, 1525 
ueonatal *nd childhood fotmi, H25 
in pemictous anemia, 1285 
in radiation iniury, S52 
Crannloma, amebic, 1197 
of brain, 1819 
HodtVm's, 1553 
of liver, 1685-163-t 
Viealine, and citrbosis, 1695 
Maiocclu's. 1958 
midline, 12S5-I25-1 
solitary pulmonary nodule and, 1561 
Granuloma (tansraenescens, 1255 
Granuloma innimale, 977-978 
treatment, 973 

Cramilomaiojis, of lune, 1529 

(Keolar-capillary bTocL and, 1527 
beryllium and. ISf? 
miliary, 979 
lonn 


Granulosa cell tumor of evan, 677, 679 
Crasri'i diseaie. 589-590, 594 
Crecenen leit, 1640 
Cneg'i syndrome, 1728 
Cnppe, lll7 

in lapanese B encephalitis, 1156 
in hlurtay Valley tncephaUtis, 1156 
m poliomyelitis, 1141 
"summer,' 1150 

Venezuelan equine encephalomyelitis vi- 
rus, 1194 

(See also Acute undifferentiated tctpita- 
lory disease. Influenza) 

Cnseofalvin, 879 
(9»c reactions, 1956 
in treatment, of cutaneous fungi, 1956 
of dermatnphylosis, 1956 
Croeiiblad Strandbas syndrome, 18S7-I8S8 
angioid stm8s ana, 419 
Ground itch," 1215 
‘Crowinff pains,” 1904 
Cicmitfi, (actors mOuencini;, 190 
uoii requirements for, 1279 
pathologic, due to endoenne disease, 191 
Growth hormone, in bone nictabolism, 699 
in breast development, 680 
increased secretion. S6S-569 
in plasma, 569 
ipecies specificity, 568 
Guanidine poisoning, 826 
Cuumicri bodies, 1164 
Cuima iinis, 1 195 

Giiancthidine. hypertension and, 1 557 
Guillam Cane tyridcome (see Ituectious 
polyneur In) 

Gumma. 1819 
in liver, 1699 
m syphilis. 1072 
m pvvs, 1085 
Cams (see Cmeiva) 

GyueTOmavtu. 681 

in hemochromatosis. 786 
m liver cLsease, 156, 1686 


II antigen, 457 
lUbvt spasms. 246, 257 
ffaemaphyulii leachi, 1102 
agogus. 1164 


Ilageman factor (IIP), 219 
llaii, 111 arsenic poisoning, 812 
avilbry and pnbic, loss in anbosis, 156, 
157, 1686 
clubbing of, 86 
color of. 86 
etecssive, 85-86 
graying, 66 
growth, 86 

in hyperthyroidsm, 590 
laboratory exammalton, 79-81 
loss of. 85-86 
in myxedema, 586 
(See also llitsuimn) 
llaWone, 1199 

1 IalIervord«i-Spatz disease, 1852, 1665 
lUUiaclRatsam, sn akohdtiun. 799 
in dehrium. 555-357 
U) epilei»y, 532-535 
in paresis, 1075 
in rabies, 1150 
in Kbizophrcnia, 565 
Hamartoma, definition, 445 
solitary ^Invonary nodnle m, 1561 
Ilamman Riclt syndrome, 1 529 
alveolar-capillary block and. 1526 
Hand-Sehbller-ChtKtun disease. 566, 1557— 
1558, 1528 

Hand SehulIerGhnslian lyndrome. 573. 
778. 782 

didereniial diagnosis, 655 
Hand slioiiMer fymdrome free Shoulder- 
hind syndrome) 

Handedness and speech, 575 
1 lanot's hypertrophic cirtliosis. 1692 
Hansen's disease, 1020 
(See also Leprosy) 

Hapten, 1257 
Haptoglobins. 205 
lynthais, 752 

Harrison's groove m iKkets, 551 
Hartnup disease. 750-751 
Hasliimoto's stnima, 585, 598 
lupus crythtnialosiiis and, 3894 
in Siogren’s syndrome, 1917 
Hashish, 825 
Hassall s corpuscles, 6S9 
llavethill fever, 975 
(See also StTepfobaesffus monsfifonnis) 
Hay (ever. 1259-1265 
diagnosis, 1261 
etiology, 1260 
herpes simplex and, 1171 
manifcstalKinv 12^1261 
treatment, 1262-1265 
Head, abnormatibes. 1726-1752 
Head banging, 246 
Head miurr, 1795-1803 
cerebral nemoirhage in, 1 788 
convaleacencc, I607-le03 
management, 1805-1807 
severe, seqocbe, 1605-1805 
Headache. 21-51 
m acute gknnenilonepKttbs, 918 
air msoRlation and. 27 
airplane fiisht and, 24 
anemia and, 50 
approach to, 50 
arteries and, 25 
astigmatism and. 24 
In biUasy dyskinesia, 1716 
m bram tumor, 22, 26. 1815-1816 
cerebral embolism and, 23 
m cerebral bemonbage, 1782 
cerebral fhrombosu and. 23 
cerebrospinal fluid pressore and, 25 
in rrrcbtovasculat dneaic, 1792 
in chitkenpox encephalitis. 1 167 
m Colorado lick fever, 1190 
coma arid, 516 
cranial stiuctores and. 25 
deep cervical stnictnres and. 24 
in dengue. IIS9 
difercnlii) dugnosis, 50 
in ductal stnetur^ 1714 
m eastern equine mc^babta. 1155 
in encephalitis letbarg^ 1154 


Jleadaclie, In epidemic typhus, 1105 
extracranial structures and, 25 
cxtraociilar muicles and. 24 
oes and,416 
eyestrain and, 24 
facul muscles and, 22 
fatigue and, 22 
fever and, iS. 50 

f laucorna and, 24, 416 
rom Criseofutvm, 1956 
in head miunes, 1799 
histamine and, 24, 25 
hypertension and, 29, 1355 
in influenza, 1124 
intensity of, 21 
internal carotid artery and, 25 
mtraennul pressure and, 26, 27 
intracranial structures and, 24 
m imtaMe colon syndrome, 1645 
in Japanese B enemhahtis, 1156 
laCTimation and, 25 
location of, 21 
lumbar puncture and, 25 
in malaria, 1200 
massage and. 25 
m meningeal irritation, 302 
meningitis and, 26 
migraine and. 28 

in hlumy Valley encephalihj, 1156 

muscular contracticn and, 22 

myofibrositis and, 25 

nasal sinuses and, 24 

osteoarthritis and, 24 

pain sensitive structures ted, 22 

papilledema and, 27 

in phlebotomus fever, 1191 

m pltuiodyma, U51 

polycythemia and, 30 

postcholecystectomy, 1717 

m posttraumalic nervous insUbility, 1804 

posture and, 25 

preeipitating causes of, 22 

E leisure and, 25 
I psittacosis. 1127 
psychological distorbance and, 22 
■a 6 fever, 1108 
oualily of, 21 

rheumatoid arthritis and, 24 
in Rocky Mountain spotted fever. 1096 
in ruptured cerebral aneurysm, 1785 . 
in Russian tick-bome encephalitis, 1156 
in St Louis encephalitis, 1155 
sinusitis and, 24 
skull and, 2i 
in smallpox, 1164 
subarachnoid hemorrhage and, 27 
la temporal arteritis^ 25^ 1699 
lender nodules and, 23 
time intensity curve of. 22 
trauma and, 50 
trigeminal neuralgia and, 22 
in tularemia, 964 
in typhoid, 941 
virietses ot. 22-25 
vasodilatation aod, 25 
vertex and, 25 
in Wert Nile fever, 1192 
m western equine encephabtis, 1155 
in yellow fever, 1185 
Hearing disorders, 295-294 
(See also Deafness) 

Hart, amyloid disease and, 1464 
arrhythmias free Arrhythmias) 
contractility, 95 

displacement in atelectasis, 1555 
enlargement, 1406 
hypertrophy, congenital, 1433 
efleett, 98 
idiopathic, 1464 
left ventricle, 1406 
right ventricle, 1406, 1417, 1558 
m myxedem^ 586 
output (see Cardiac output) 
oxygen consumption, 32 _ . . . 

physical signs leietraWelo, 1405-1414 
reserve, 1578 

rhabdomyoma in tuberous iclerosa, 1753 



Ilearf, in dicumatic fever, 914 
rupture, and iiijocardial infarction, H5J, 
HS6 

senile, 1378. H43 

septal defects, and bacterul endocarditis, 
1039 

Starling’s law of, 95 
tumors. 1465 
work of, 95 
Heart block, 1403 
anginal pain and, 34 
bundle branch, HOS 
electrocardiogram, 519 
complete, 14fl4 
corticosteroids and, 1397 
digitalis and, 1388 
first degree, 1405 

isopfoptlnorepinepbfine and, 1396 
prognosis, 1404 
second degree. 1403 
third degree, 1404 
treatment, 1404 
Heart disease, 13^-1473 
adrenal steroids in, 626 
am>loid, 1464, 1472 
anemia and, 1461, 1654 
arteriovenous fistula and, 1461 
belching in, 1584 

and blood replacement lherap>, 1602 
and cirrhosis, 1465 
cardiac, 1694 
congenital, 1414-1433 
angiocardiompliyand. 1418 
anomalies of aortic aren and, 1432 
anomalies of great v cins and, 1 4 32 
anamilous Qtigvn oi carduc artencs, 
1428 

anomalous pulmonary venous drainage 
and. 1426 

aortic atresia and, 1432 
arteriolar saturation and, 1415 
bacterial endocarditis and, 1039, 1421 
and brain abscess. 1047, 1417, 1422 
cardiac cathcteruation in, 14 18 
dubbed fingers and, 1416 
complications, 1421 
svith^nngenibd cardiac hypertrophy. 

congestive attacks, 3746 
csunosis and, 1416 
diattocardu and, 3432 
Cisenmcngcr’i coinplev and. 1425 
electrocardiography and, l4lS 
embryonic anomalies and^ 1427 
ctiolon, 1434 
fibroelastosis and, 1433 
hemodynamic measurements. 1420 
and hypertrophic osteoarthropathy, 
1920 

impairment of growth and, 1416 
incidence, 1414 

incomplete right bundle branch block 
and, 1418 

indicator-dilution curves and, 1420 
inheritance, 141 5 

left-to riglit shunts and, 141S, 1423 
maladie dc Roger, 1424 
Marfan's syndrome and, 1415 
mitral atresia and, 1432 
ostium secundum defect and, 3423 
paradoxic, embolism and, 1417 
patent ductus arteriosus, 1425 
phonocardiography and, 1421 
physiological irflcrts, H15 
polycythemia and, 1308, 1416 
pscudotiuneus atletiosus and. 3418 
pulmonary hypertension and, 1417 
pulmonary stenosis and, 3423 
right to left shunts and, 1415, 1426 
in rubella, 1160 
sex and, 1415 
shunts and, 3435 
situs invenus and. 1432 
squatting and, 1416 
surgical treatment, 1422 
tetralogy of Fallot, 1423 
thrombosis and, H22 


Heart disease, congenital, tnitsposilMn of 
great vessels and, 1427 
treatment, 3422 
tnenspid atresia and. 1432 
ventricular hypertrophy and, 141 5 
ventncularse^l defect and, 1423 
X ray findings. 1418, 1419 
eonstnefive, 1472 
curable. 1377, 1465 
in diab^esRieHitus,656 
cndoardial, 1464 
endocardial fibroelastosis, 1464 
familial, 1465 

Fncdieich’s ataxia and, 3464 
Iicmochromatosis and, 1464 
higJi-ootpnt failure, 1459-1462 
Hurler’s syndrome and, 1464 
hypertensive, 1458-1459 
utrogenir invalidism and. I3S0 
idiopatbic hypertrophy, 1464 
ischemic, 1443-1458 
aortic stenosis and, 1444 
back pain and. 52 
m diabetes mclhtus, 656 
rtiotosy. 1443 

resembling constrictive pericarditis, 
1472 

shoulder hand sv-ndronie and, 55 
syphilis and. 1444 

(Sec also Angina pectoris. Myoardial 
iofarelion) 
lupus and, 1464 
inisccllaneous auscs. 1458 
muscular dystrophy and. 735, 1464 
myocarditis, 1462-1464 
tnyxedetna and. 3462 
neopbstic, 1465 
of obsoire etiology. 1463-1465 
pain, dilTcrcnIul diagnosis, 1583, I5S5, 
17)0 

pcncardilis, 1467-1473 
polyatlcniis an^ 1464 
postpartum, 1462 
pulmonary, 1537 
rare causes, 1458 
rheumatic. 1414 
and cardiac cirthosiv, 1694 
chronic, 1434 
polyaileiitiv and, 1S91 
sarcotdosis, 1464 
Khniovomusis and. 3465 
scleroderma and. 1464 
scrub typlius and, 1465 
tn South Africa, 1464 
subendocardial fibrosis and. 1464 
syphilitic, 1459 
tliiainine deficiency and. 1461 
thyroloxic, 594-595, 1460 
traumatic. 1463 
trichmosis and, 1464 
trypanosomiasis and, 1465 
valvular.acquircd, 1435-1443 

chronic, and bacterial endocarditis, 

1039 

in ilurlct syndrome, 1889 
in lupus erylhematosas, 3894 
in thcumatoid aitliritis. 1909 
with raplnre, 1043 
von Cleric’s, 1464 

Hcait failuir, acetazoleamide and, 1390 
activity and. 1335 
acute, of left sid^ 1382 
acute glorncnilonephntis and. 99, 1480 
acute nepliritis and, 3462 
acute tubobr necrosis and, 1494, 1497 
antidraietic Ivonnonc and, 3389 
arteriovenous shunt through bemangioma, 
3697 

ascites and, 1331, 1694 
blood voiame and, 93, 1379 
causes, 98 

Oieyne-Siokes respization and, 1 383 

clilorothiaxide and, 1389 

chronic. 1384 

circulatioiS timea0d,9S 

and cirrhosis id hypcrtliyroidisin, 3695 

complicalioti^ 1393 
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Heart failure, congestive, 1380-1394 
in bacterial endocarditis, 1041 
in Chagas disease. 1207 
glomerular filtration rate, 183 
in glomemlonephntis, 919 
in llutler syndtocne, 18SS 
m kala azar, 1203 
m myxedema, 588 
in scleroderma, 1897 
deSnvtion, 94, 1379 
deh) dration and, 1 359 
diagnosis, 1380, 1384 
diet and. 1385 
digitalis and, 13S6 
in diphtheria, 9S5 

disturbances in extracellular fiiud aad 
1389 

diuretic drugs and. 1 33S 
dyspnea and, 1 350 
eclampsia and, 1499 
dectrolyic depletion and, 1 3S9 
exercise and, 94. 13S0 
filling load and. 99, 100, 1379 
flow and. 95 
flow loaa and, 99 
fluids and, 1 335 
in heart lung preparation, 96 
heart rate and. 1 578 
and hepatocellular neurosis, 164 
high-output type. 1459 
hydrothorax and, 13SI 
and liypctbilitubmeTOU, 1694 
hypervolemia and. 100, 1379 
livpochloremic alkalosis and, 1390 
hyponatremia aad, 172 
hypofViyToidisin mduttd id, 593 
hypoxia and, 1393 
intractable, 1392 
causes. 1692 
digitalis and, 1393 
kyphoscoliosis and. 1524 
left-sided. 1381 
acute, 1382 
of left ventricle, 97 
and liver enlargement, 1694 
manifestations, 1380 
masked thnotoxicosu end, 1392 
mechanical, 100 
meclianisms of, 93 
mercurial diuretics and, 1389 
«i mitral stenosis, 94, 100 
myocardial disease and, 9S 
myocardial infarction and, 1452, 14y6 
myocardial strength and, 1 378 
natural history, 13SD 
nausea and vomiting with, 136 
noncardiac circulatory congestion and, 
1379 

obesity and, 1385 
oxygen and, 1 390 
pathogenesis, 99 
pericardial tamponade and, 100 
periodic breatbing and, 1383 
peripheral circulatory, 100-103 
posture and, 1 3S5 
potassium deficiency and, 1390 
pregnancy and. 1391 
pressure and, 95 
pressure loads and, 93 
prognosis, 1 5S4 
progression, 1 381 

pulmonary infarction and. 13S5, 1 194 
puncture of legs and, 1391 
refractoriness to diuretics and, 139(> 
renal ducase and, 1474 
icnal factor in, 9S 
rest and, 1 385 
at rest, diagnosis, 1351 
manifestations, 1381 
in rheumatic fever, 915 
nght-sidcd, 1 3SI 
of Tight ventnde, 98 
salt depletion and. 1 390 
salt dilution syndrome and, 1390 
scleroderma and, JS9S 
scope of, 1 379 
sedatives and, 1390 
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Ucaft futee, sodiura and. 1?S5 
sodium testnction and. )3S5 
sodium retention and. 13S>9 
special pTobiems. 1 391 
tiiumine and, 1339 
llioraccntesis and, 1391 
tteatinent, 15S3 
in hicuspid stenosis. 100 
uremia and, 179, ISO 
scncsectian and. 1390 
senous distention and, 1 331 
senous piesswrt asid, 1 3S1 
scntncular cnd-diaslolic pressure and, 100 
sentncular failure and, 100 
vitamins and, 1339 
Heart lung nrcpanlion,% 

Hart sounds, alterations and. 1406 
atrial septal defects and, HOS 
diagram, 1403 
election sound. 1403 
cipitatory splitting and, 1403 
first. 1407 

dclased, mitral stenosis and, H40 
time of onset after cxeitafion, H07 
in hjpatlijTQidisin, 990 
inspiratory splitting and, 1403 
intcnsit), 1407 
mechanism, 1407 
middiastolic tliiid, 1409 
midsystolic, HOS 
opening snap. 1409 
plivsiologic third, 1409 
1' ft interval and, 1409 
piwyitolie ettop, HOS 
oretodiastolie gallop, 1409 
riualily, 1407 
splitting, of first. 1407 
of second. 1403 
three-sound rhythms, 1407 
timing, 1407 
(See a/so Munnut) 

Ueartbum, definition, 19S3 
and duodenal ulcer. 1596 
and indigestion, 124 
postprandial, late. 126 
and salivation, 1933-1984 
Il«t, allergy to, 80 
body (see Cody heal) 
sensation of, testing, 263-264 
Meat colbpse, 834 
Hat ctampa, fi3V635 
iieat eshaustion, 833^35 
lint prostration. 834 
iieat ptreta. 833-835 
lint strole. 63. 834 
Hebephrenia, 367 
Hcherden’s nodes, 1918 
Hcdulin, 1705 

Heerfordt's syndrome, 293, 1247 
Hem* bodies, 1294 
■ Heliotrope ■ cyanosu, 1124 
Heltism inhaUlion tot bronchial obstoac- 
tion, 1574 

HctiumeiTygen mirtures in dicing. 842 
ilellcrs disease, 1743 
Helminthic infections, 1213-1237 
inimiine reactions to parasites, 1213 
inlevtinal obstruction, 1633 
vaccines against. 1214 
varietroM2n 

Hcroasglutmm, "cold.’’ 1120 ' 

mRiicnra virus, 1123 
Hemangiobbsloina. 1821 
Hemangioendothelioma of Incr. 1697 
Hcmaneiomas 1631 
bleeding, 1632. 1640, 1697 
cutaneous, 1932 
portsvineslam. 1932 
tratmeut. 1952 
septal, 1912 
Hematemcsii, 143-145 
and abdominal tsm, 124 
auscs. 222 

dijsnostic procedures, 144-149 
diileienlattd trom htmoplyns. 222 
alter eiophagal vances niptme. 1 56 
in pKne cancer. 144. 1619, 1620 


tlematemesis, »svd ^astntis, 127 
m hepatitis. 167> 
in lept03pitcK,s. 1DS6 
m plague. 967 
m pelyartcritie nodosa, 1891 
m portal vein thRa-nbrns, 1709 
in pscudoxantboma dasticum, 18S8 
in relapsing iever. 10S8 
In tulaiemia. 964 
splenic pulp mmometty, 149 
Hematin, 204 

nematoent, jn study of anemia, 210, 111 
values St different ages. 1946 
Hemaloroa^ hematin hQiruhin production, 
147 

lubdoial (see Subdural hematoma) 
Hematopoiesis, extnmcdullacy, and hepatic 
ievwns, 1696 

in hepotits. dniBRidwced, 1681 
Hematopoietic sislem disorders, 1277- 
1346 

(.9^ also Anemia, other specific diseases} 
Hematoxylin bodies, 1693 
Hematuria, 174 

m acute glomeniloDcphntis. 918 
causes, 222 

in cdchicine poisoning, 822 
cndemie, I22S 
m gonorrhea. 928 
infalaanr, 1203 
m leptospirosis, 1086 
m lupus erythematosus, 1894 
m rolyaiteritis nodosa, 1892 
«i Rcitet's syndrome, 1908 
in tuberculosis, 1017 
m \V«enef'$ granulomatosis. 1900 
Heme, cheimal structure, 202 
s)T»iliesis, 759 
Heiniballismut, 293 
Hcmicboiea. 253 
Hemierana (see Migrame) 
tlcDifacul spasm, 249, 297 
HemiparesK, in poliomtelilis. 1144 
in subdural alncess, 1046 
Hemiplew. 246 
m head inianes, 1799 
infantile, 1739 
in potyartCTitis nodosa. 1891 
m Rocky Mountam spotted faer. 1097 
in subdural abscess. 1046 
Tlemoebroniatosis, 785-787, 790, 1670, 

1689 

and cancer, 446 
diagnosis, 7S6 
fieait disease and, 1464 
idiopathic, 785 

HcmMhfpmogens ui plasma, normal values, 

IfemocupieiR, 492 
Hcmodial)Sis in poisoning, 818 

Hemoglobn), abnormal types, 121 

gcograpUre dtstribution. 1298 
relative mobilities. 1293 
terminology. 1297 
biosynthesis diagram. 203 
degradation, and bilirubin production 
146-147, 149 
destroetion. 203 
clccfropliofttic properties 203 
formation and destruction. 203 
molecular rveigbt, 203 
normal values 1943 
at different ages 1946 
potyp«>tide eliains 1297 
renal threshold, 2M 
stwaCion. 110 
total iti 70 Lg man. 202 
turnover per day, 202 
HeraogVobm A^ 129?, 1301 
Hemoglobin dissocution curve, 114 
Hemoglobin M. 131) 

Hemoglobm ipidtocnea. abnonoal, 1297- 
1 301 

Hemoelobmcmia m vanmis conditions. 203 
Hcmoslobinanatbies 1297-1301 
abnarm^ dsbngoishmg features (table). 


Ilemoglobinuiia, 174 
in arsine pi ' 

m cbstridi, 
in malaria, 1201 
rarovysmal cold. 1295 
paroxysmal nocturnal, 1299 
m sul/onamide tlicrapv, 870 
Hemoljsin, clostridial, 996 
tests for, 1293 

HetnolssiS. acute tubular necrosis and, 1493 
alpha. 901 
fiom arsine, 812 
in barlpncllosis, 977 
beta, 001 

from botarolidm, 1912 
in clostridial infections, 997 
m ej-tomegalic mcfusion disease of in- 
fants. ns4 
gamma, 901 
intravascular, 203 
in lupus erythematosus 1894 

in malana. 120] 
rntthamsms, 1291 
in primaquine sensitivity, 1202 
by stapli)1ocoeci, &94 
sttepiecDCca), 901 
in sulfonamide therapy. 871 
Hemolytic anemias (see Anemia) 

Hemolytic crisis. 1296 
Hemolytic disase, compensated, 214 
fever in, 68 
of ncubom. 12S9 

Hemolytic disorders, ctassifiation (table), 
1289 

studies of patients «i(h, 1292-1295 
Hemoljiic laundice, 148-152, 1711 
congenital, 1295 
Hemophilia. 1318-1322 
differentiation from otba disorders of 
coagulation. 1319 
inheritance. 434 
tymptomatoloM, 1519 
treatment, 1 32l 
vaiicties. 1319-1320 
vascular, 1 117 
Hemophilia B, 1320 
Hemoph/Jur ducreyi. 958-959 
(See afro Chancroid) ^ 
i/rmophilus lofiiienae, 993-999 
classiSution. 953 
infections, 953-957 
treatment, 955 

Ifemophilusparainffuenzae, 955 
Hemophilus pertussis, 956-958 
Hemopneumothorax. 1566 
and esophageal rupture, 1939 
Hemoptysis, 122 




t. 974 


in aspergillosis, 1069 
m blastomycosis, 1096 
bronchial adenoma and, 1 962 
bronthiertasis and, 123, 1550, 1551 
broncinolar carcinoma and, 1561 
causes, 123, 222 
in cliichenpoic. 1 167 
coiigliing and, 123 
endemic. 123() 
in ceotrichosis, 3069 
in leptospirosis, 1086 
lung abscess and. 1959 
mitral stenosis and. 123, 1437 
m mucoroiycoiis, 1063 
la oacatdiosLs, 1064 
in plague, 967 
pueumonia ond, 123 
m polvartcntis nodosa. 1S90 
pulmonary infarction and. 123 
pulmonary ncoplisms and. 121 
m tnbcicvjlosis, 123, 1005, 1013 
in M'egenet's cranulomaiosis. 1900 
Hemorrhage, and anemia m gastric tumoR, 

in antbra-T. 9/4 
in hacteroides infections, 937 
in ItanJi s S'lidrome. 144 
and blood pressure; 1600, 1602 
and nrcinDnia, 1620 
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Hemonliase, causes, 221 
cbssification (tabic), 218 
cerebellar, 1781 

cerebral (See Cerebral liemonliagc) 
it« cliiclcnpox, 1167 
m arrliosis, 1685. 1694 
co'itis, 1647, 1651 
fulminant, 1648 
ulcerative, 1651 

from cutaneous iicmangiomas, 1932 
in cjtomcEalic inclusion disease, 1184 
in dengue, 1189 
diagnosis, 1600-1601 

flviotcsccin slnna test, 1600, 1601 
and diverticula, 1642 
TCiunal. 1624 
Mcclcls. 1624 
duodenal. 1625. 1632 
ulcer, 1600-1602 

in epidemic Iicmonliagic fever, 1187 
cpistavis, m cirtltosis, 1691 
in bepatifis, 1675 

esopbageal varices, 1683-1689, 1703 
in esophagitis, 133 
gastric ulcer. 1608, 1609 
m gastritis, 144, 1618 
diffuse ciant Uipcrtiopluc, 1619 
gastroesopliageal (unction laceration, 1589 
gastrointestinal (see Gastroiiitcstmal 
licmorrhace) 

Iiemangiomas, 1632, 1640, 1697 
and hepatic coma. 153 
in hepatitu, 1675 
and hepatorenal svndrome, 159 
m leptospirosis, 10S6 
in measles, 1158 
m muscle, 743 

pancreatitis, 1661, 1662, 1663 
m pcJtussis, 956 
in plague, 967 
m po1iom}e]itis, 1144 
recurrent ulceration, 1607 
in relapsing fever. I OSS 
retinal, in polyarteritis nodoss, 1890 
in pseudoxantlioma ehsticum, 1SS7 
and sW, 143, 145. 1600, 161^ 
in smallpOY, 1164 
and splenic anemu, 144 
'•splinter,’' 1041 

from stroagyloid infestation, 1217 
study of patient with, 227-229 
subarachnoid. 1784 
in baetcnal endocarditis, 1043 
headache and, 27 
onset, 27 

in polyarteritis nodosa, 1892 
m pseudoxanthoma elasticum, 1888 
sijidily of utd» and. 17 
m sclcsoderma, 1697 
symptoms produced by, 226 
and syncope, 307 

treatment, 145, 1601-1602, 1652, 168S- 
1689 

in tuberculosis, 1013 
and urea nitrogen content, 143 
m yellow fever, 1185 
llcreoTibagic disease of newborn, 125 
Hcmorfliagic disorders, bleeding and coagu- 
lation tests (fable). 1320 
Hcmorrbagie fever, epidemic, 1186-1190 
Hemorrhagic thrombocythemia, 1318 
Hemorrhoids, 1659 
bleeding, 1640, 1654 
and anemia, 1687 

and collateral circulation in liver ducasc, 
156 

internal, 1659 
Hemosiderin, 203 
in hyperlipidemia, 785 
iron storage as. 147 
Hemosiderosis, 786 
of hver, 1696 
and anemia, 1695 
of lung, idiopathic, 1532 

secondary to mitral stenosis, 1537 
melanosis and, 790 
mitral stenosis and, 1437 


Hemostasis, events in, 218 
Henbane poisoning. 819 
Hcnocli-Sclionleins disease, 14S2 
Henoch’s purpura, 1316 
lUpar lobatutn, 1075, 1699 
Ilepann, 221 
in arterial disease, 1373 
excessive, as cause of bleeding diathesis, 
226 

myocatdial mfarction and, 1455 
plasma lipids and, 1362 
prcmfarctional angina and, 1450 
reactions associated «ith, 1272 
serotonin and, 1538 
Hepannase, bactcroides, 957 
Hepatic coma. 157-158, 1851 
and alcoholism, I5S 
and ammoniiun levels. 158 
and blood volume, 157, 1690 
in cirrhosis, 1687, 168S 
and diet, 1688-1690 
m hepatitis. 1675 
Hepatic decompensation, 152, 156 
Hepatic failure (sec Liver, failure) 

Hepatic infarction in polyartentis nodosa, 
1891 

Hepatic tnsufficiency, acute, rn poisoning. 

Hepatic vein, occlosion. 152, 1703 
thrombosis, 1703 
Hepatm and alopecia, 86 
Hepatitis. 1670-1684 
acute, 1682-1683 
«ith polyncuritu. 1875 
age factor, 1674, 1679 
amebic, 1197 
Amphotcfiein, 878 
antetene, 1674 
and azotemia, 147 
and bactcsial infection, 1682 
in bactcroides infections. 937 
and biliary obstruction, l67>, 1676 
chemical agents prodiicmg, 1704-1705 
cholangiolitic, 1670, 1675, 1676, 1681. 
1691 

cholestatic. 151. 1670, 1675 
diagnosis, 149, 153, 1673, 1674. 1675. 
1677, 1681, 1682 

differential. 1675. 1674. 1676, 1683 
drug induced. 1670, 1678, 1680. 1682, 
1704-1705 

etiology, 1670, 1680, 1632. 1683. 1704- 

1765 

fulminant, 1675 
fungizone. 878 
gonococcal, 929 

granulomatous, 1670, 1633-1684 
homologovis serum, 1670, 1671 
in infectious mononucleosis, 1240 
and jaundice, J51, 1671, 1675, I6S0, 
1681, 16SZ. 1699 
and leptospirosis, 1675 
lupoid, 1670. 1677, 1679-1680 
mUmi«, II8i 
pruritus, 1675, 1701 
pyrazmamide, 881 
residuals, 1676 

svRiptoms and signs, 152, 1672, 1673- 
1675. 1680 
and tctracydmes, 874 
toxic. 1670. 1680-1681, 1632 
treatment, 1678-1682 
diet. 1677-1678 
preventive, 1678-1679 
prolonged convalescence 1676 
rest, 1677 
steroids. 1678, 1632 
from tryparsamide, 1206 
typical, 1673-1674 
variant^ 1674-1675 
viral. 152, 1670-1680, 1701 
acute, 1672-1674. 1682, 1683, 1690, 
>699. 1700 

and acute gastroeutentis, 1673 
autornimuni^, 1673 
bacterial fnfe^on coexisting, 1670, 
1682 


and cirrhosis, 1674. 1685, 1691 
and common duct stone, 1674 
Dubm Johnson syndrome simulation, 
1700 

epidemiology, 1670, 1671 
gastntis in, 153 
and hypcibihrubinemia. 1699 
immune response, 1671, 167?. 1674, 
1679 


laboratory features, 1673 
manifestation, 152, 1672 
pathology, 1672 
placental transfer, 1677 
posttiansfusion, 1670, 1671 
and respiratory infection, 1673 
and scrum hpids, 163 
subacute, 16/5 
and subacute neaosis, 1674 
and systemic infection. 1682 
transmission, 1670, 1671 
Hepatocellular failure, 152 
(See also Liver, function) 

Hepatocerebral syndromes, i852 
llepatocuprein, 492 

Hepatoiugular reflux m cardiac cirrhosis, 
1694 

Hepatolenticular degeneration, 768-772 
clinical manifestations, 770 
diagnosis, 771 
dvsphagia, 135 
inheritance, 769 
pathogenesis, 769 
pathology, 770 
prognosis, 771 
treatment, 77) 

Hepatomas, 1696 
Hepatomegaly, 152, 153 
tn acute miliary tuberculosis, 1684 
and amyloidosis. 1 53. 1696 
in brucellosis, 1684 

and cancer, 153, 1668, 1697, 169S. 1717 
in cinhosis, 1694 
biliary, 153, 1691, 1693 
Laennee’s, 1686, 1687 
schistosonuasva, 1695 
in Dubin-Johnson svndrome 1700 
in extramedullary hematopoiesis, 1696 
fatty liver, 1695 

and gastrointestinal bleeding, 1600 
in Gaucher’s disease, 1696 
in glycogen storage disease. 774 
and granulomas. 1684 
hemangiomas, 1697 
m hepatic vein occlusion, 1705 
in histoplasrnosis. 1059 
in Hiiiler syndrome, I88S 
m lala azar. 1203 
in lupus erythematosus, 1894 
in melituria, 776 
in Niemann Pick disease, 1696 
in polycystic disease, 1699 
posthepalitis, 1676 
in pykpbkbitis, 1705 
and pyogenic abscess, 1699 
and reticuloendothelial infiltration, 1696 
in sarcoidosis. 1683 
in viral hepatitis, 1673 
Hepatorenal syndrome, 1 59 
Hepatosplenomegaly, in Gaucher’s disease, 
781 

in visceral lan-a raigrans, 1218 
IleptacUIor poisoning. 823 
Hereditary ataxia of Pierre Mane, 186° 
Hereditary hcmonhagic telangiectasia, 
1321-1322 

Hereditary periodic adynamia, 719 
ITerdeitary sensory neuropalby. 1S70 
Hereditary sphcroevtosis, 1295-1296 . 
Ilcredopptliia atactica polyncuntiformis, 

1871 

Hcrclica vagmicofa, 972 
Hcridofamilial disorders, significance o> 
term, 427 



36 INDEX 


Heritable disordctj, dl? 

Hermaplitoilite, unilatcnl. 

Ilcinia, diapltragmalic, 129, 1565, 1584- 
1585 

age factor, 129, 1585 
chert pain, 59__ 
diagnosis, 1 565 
dirtinc^ion hom tumoi, 
and dysphagia 133,154 
in Ehlers Danlos sj-ndromc, 1856 
and indigestion. 129 
and peplic esophagitis, 1SS6 
treatment, 1 53> 
gastric mneosa, 1621-1622 
inguinal, and colonic tumors. 1656 
and iiifeslinal obstruction. 1633 
m Marfan sjudrome, 1835 
in ortcoacnesis imrerfeeta, 1837 
paraesophageal, 1584-1535 
paihiatal, 1584-1585 
■n pertussis. 957 
mbihcal, m I 
Herpangina, 111 . 
oral signs, 1 S3 1 
treatment, 1173 
Herpes Libiaiu, 1170-1171 
m common tespiralory disease, U2l 
in dengue, 1189 
in malaria, 1200 

in mcnmgocoeal infections, 926 
m pneumonia, 6S9 
pneumococeal, 889 
m tjTboid. 942 
Herpes iirnplei, 1170-1173 
meephahbs and. 1 172 
pngivostomatitis and, 1171 
keratitis and. 422 
tecunent, 1171 
serologic reactions, li71 
traumatic, 1171 
viremia and, 1 172 
sims, 1170 

llcrpei roster, 1168-1170 
corneal insoUement in, 422 
m cutaneous Ipmphoma, 1934 
opliChalmicuv 1 169 
treatment, 1170 
vinii 1168 
and varicella, lloS 
Hanheimer reaetinn, 1079 
in relapsing fescr. 1059 
Heterophil antibodies in infectious tnono 
nucleons, 1250 

..jtetMja - • ■ 

HCTP, 81. 

Hsamcthonium and gastric nicer, 1609 
Hiatal hernia (sec Hcmia, diaphragmatic) 
lliccougli, 1567 
uremia and. ISO 
High altitude (see Altitude) 

High output failure, 1459 
m beriheti. 546 

Ililos cell (Leydig cell) hyperplasia, 679- 
650 

Hinton test. 1077 

Hippunc acid, lives (unction test, normal 
salucs, 1944 

Hirschsprung's disease, 273, 1641 
Hirsutism, 86 

m adrenal virilism. 624 
in liver disease, 1 57 
in masculinmng tmtiors, 679 
m menopause. 675 
Hinidmiasis, 1237-1235 
Histamine, in asthma, 1264 
and gastric secretion. 131, 1590, 1591 
in gastritis, I61S 
diSuse hypntropliic, 1619-1620 
lieodacheaiid, 24 
pruritus caused by. 83 
in sasodilatatinn. 833 
ssheal test, 1377 
Histamine cephalgia, 25 
Histamine test m leprosy, 1022 
Histidmuria in familial Medilcmnean fe- 
ver, 1252 

HirtopJasroa capsulafuoi. 1059 


pcniicious 


Histoplasmfn, 1060 
Histoplasmosis, 1059-1061 
and Addison't disease, 6H 
atvcolar-capitlacT block and, 1526 
chlamjdospoies m, 1059 
diffusion defects lo, 1527 
(evCT in, 67 

macular Itsiom and, 439 
mueocutancoiis, 1060 
pnhnouary. 1060 

solitary pulmonary nodule and, 1561 
Hives (ieeUiticaru> 

Hoarseness, causes, 1513 
liodglm's disease, I33S-I34I 
anemia in. 207 
and aspcrpllosis, 1065 
blood picture tn, 1339-1340 
III cryplococcous, 1054 
etiology. 3333-1^9 
fcier »n, 68-70 
intcslina) lesions, 1632 
and Iivct lesions, 1696 
of mediastmum, 1572 
melanosis tn. 789 
prognosis. 1341 
pruritus in, 83 
symptoms, 1339-3340 
treatment, 1340-1341 
Hodgkin’s sarcoma, 1338 
Hoffmann's trndrome. 728 
Hog stomacli, desiccated, 
anemia. 1281 
Holandne inheritance. 435 
Holmes lyndrome, 349 
Homeostasis, renal failure and. 172 
Homo^tisic acid exaction in melanosis, 

f lomotygous state, defined. 430 
Hookworm (see Ancylostoma diiodenalc, 
S'tcatoi americaniis) 

Haelivonn disease, 1214-1216 
clinical manifatations, 1215 
epidemiology, 12(4 
pathogenesis. 1215 
putinoniry infiltration and. 1556 
treatment, 1215-1216 
Hoover t sign in paralysis tests. 244 
Hoida'sspols (rsilbcosis), 1127 
ifomorul duturbances, 56f-563 
adenomas. 1594 
of adrenal eottex, 609-630 
of adrenal medulla, 63(^35 
and bouci habits. 1579 
of breast. ^-685 
in diabetex mcllilus. 637-639 
and pstnc scaelion, I $92 
infatiliiy, 685-687 
and liv« dsease, 156 
in meningococcal infecticnu. 926 
of ovaiy. 670-680 
and palmar ersibema, 1 57 
ot paiatUynssd glands, 599-609 
of pineal gland, 687-689 
of pituitary gland, antaior. 563-572 
intrnnedule lobe. 572 
swoiohypophywv 573-SBI 
of testes, 664-670 
of IbyiniiS gbnd, 6S9 
of thyroid filaiid, $82-598 
tumoss.and donhea, HI 
Honnonc repbeement therapy, m Addi 
son's disease. 614, 615 
m bypopilnibrism. 567 
llointi's ^■ndseme, 271 
bronchogenic caraooma and, 1560 
recognition of, 418 
Horscsrioe kidney, 1504 
Host factors m mlceUm, 862 
Host parasite Tebtsonsbip, S61-863 
"Hoorgba" vertebra, 1887 
Hoyne's sign tn poliomyelitis. 1141 
HumaliTi (paromtnnytinl, 878 
lluntallurla'sdisease, 1742 
ilunterllurlaPfauitdla syndrome, 18SS 
(See also llarla syndrome) 

Hiuitmglon's eborc*. 244, 253. 1857-1858 
Hunt's syndrom^ 1169 


Iliirla syndrome, 1883-1889 
Iicitt disease and. 1464 
inhcntincc, 1889 
Hjalslw, asteroid, 4 18 
/(yjloinma, 1 186 
Hja/omma acgyptruni. 1102 
Hjalurcmrdase, clostridial, 996 
m ftaphylococn,b95 
from streptofocci, 902 
Htdatid cysts, 1235 
Hsxlnocarpiii Oil, 1022 
H)drai3cnilis suppurativa, S96 
ll)(lra!uine. hipcrlcnsion and. 1358, 1359 
in lupus etyll'cmal®*''*" 1892 
reactions avsocul^ mth. 1272 
Hydiancnciphalv, 172S 
Hydrartliroiis, in rhicri Danlos sj-ndrome, 
1686 

miamiiicnt. 1921-1922 
Iltdrocrphatus, 303, 1726 
m meningitis. 1045 
II inffocn/ae, 955 
m mervingocoecil tofectwtis,926 
otitic, 1047 
m pertussis, 937 
«ith pineal gbnd tumor, 633 
m pcniomythlis, I H4 
porttraiimatic. 1805 
syiriptomatology, 303 
Hydrochloric acid, free, tn vomitus. 137 

E sltic, influence on non absorption, J279 
ss in cxccvsne somitmg, 1 36 
llydrtieottisone. 610-611 
in Addison's disease, 614, 615 
dosage, 626 

in fulminant hepatitis. 1678 
mhibiiionof vaepiessm, 577 
metabolism, 611 
oplilhalmie, 594 

prep nations. 626-628 
sctrctinn in Cushing's ryodrome, 5'0. 
619 

in ulcciatiie colitis maiugaiient, 1652 
Hydrogen bomb fallout, 85l 
Htdrophobia (see Rabies) 
llitlrapic degetietatioti, 637 
llldrocneuniolhotax and esophageal rup- 
ture, 1589 

n>dfpps, meningeal. 1820 
iivds%riiwi«, IhA, 35^3 
and ascilie fluiu, 155, 1633 
diiimelion from pleutal effusion, 1564 
heart bilute and, 1381 
HystroxyeUotoouine, in lupus eiylhema 
tcnui. 1896 

in rheumatoid arthntis. 1912 
17 Hydroxy eorticostaoidi. in AdJjon i dis 
ere. 6)3-614 
in adrenal vinlism, 623 
m Cushing’s lyndrpme, 570, 6l8-6»0 
in panhypopituitarism. 56j) 
Hydrotyinoolcacelic acio. 754 
2 llydromlilbamidine in bbsto-nycosis, 
1056 

5 Hydroxytryptamine, from 5 hydroxytryp- 
toplian.753 

production in carcinoid, 1594 
Hydroxytryptophan, 753 
Hymenolcpiasii liana. 1236 
Hyoscine poisoning, 819 
Hyoscyamine poisoning. 819 
Hypalgesia, mechanism of, 15 
Hypcracusis, 782 
Hypcralbuminemia. 752 
IlypcraldortCTOnism, 621-623, 740 
diagnosis, 621 
differential, 622 
etiology and palliogenesis, 622 
history. 621 
incidence, 621 
bboralory findings, 621 
secondary. 622 
Hypcrbihrubineniia, 159 
chronic mtermillctit jaundice, 1699 
and compensated hemolytic process, I iw 
congcfiilal. t699 
constitutional, 1699 



Ilypsi^ilirutineinia. in exlrahepafic biliary 
obstruction, 1702 

famOial nonhcmoMic jaundice, 1699 
liereditary type, 1699 
idiopathic, 1700 

nonhemolylie overptoduction, 1700 
in pernicious anemia, 152 
posthepatic, 1700 
(Sec bIso Bilirubin) 

Hypercalcemia, in bone neoplasms, 721 
in caranoma without mctastascs, 607 
hyperparathyroidism and, 605^07 
from IispcrMtammosis D, 553 
idiopatliie, from infancy, 607 
kidney disease and, 1503 
in multiple mjeloma, 1343 
tti neuromuscular disorders, 249 
m Paget’s disease, 719 
renal failure and, 175 
uitb renal iosufEcicncy and alkali inges* 
tion. 607 

in sarcoidosis, 1247 
Hypcrcalcemic nephropath}, 1503 
Hniercalcuna, idiopathic, hypcrparathytoid- 
and, 607 


- .Ji hypothermia, 835 
hyposa and, 117 
nersous effect. 1850 
treatment, 1575 
(Sec also Respiratory acidosis) 
Hypereliolesterolemia, in bOiary cirrhosis, 
1692 

essential familul, 779 
m essential bypetlipidemu. 779 
in familial Mediterranean tever, 1252 
nephsnsvs and, 1489 
treatment, 1 364 
Hypetevpcema, 492-493 
llypercupruru, 493 
Hyperemia, etiology, 789 
in immersion foot, 840 
Hypeieslhesia, definition. 265 
Ilyperpmmaelobuliaemia of hepatic dis- 
ease, 162 

Hyperglobulinemia, 752 
in amyloidosis, 1696 
in chronic intermittent colitis, 1650 
inkabaaar, 1203 
in polyarteritis nodosa, 1892 
in sarcoidosis, 1247 
in SmSien's syndrome, 1917 
m trypanosomiasis, 1206 
in Weecner’s ennutomatosw, 1901 
Hypcrglyccmu, in fluid exchange, 452 
in fluonde poisoning, 824 
in pancreatitis, 1662 
insulin control, 1663 
in mumps, 1 181 
Hypergonadism, 669 
Hyperhidrosis, 84-85 
in nenous system diseases, 273 
Hypermsulinism, 661-664 
dilTerential diagnosis, 661-662 
islet cell tumors, 661-663 
reactive hypoglycemia, 663 
Hyperleratmization (sec Hyperkeratosis) 
Hyperkeratosis, 78, 789 
m chromoblastomycosis, 1067 
of larynx, 1513 
m pellagra, 542 
in pmta, 10S4 
in Reiter’s syndrome, 1908 
and vitamin A deficiency, 1582 
Hyperkinetic syndrome, 1154 
Hyperlipemia, 787 
nephrosis and, 1488, 1489 
m pancreatitis, 1661, 1665 
Hyperlipidemia, essential, 778-780 
absence of beta lipoprotein, 780 
diagnosis, 780 
treatment, 780 
Hypermagnesemia, 493 


Hypematreroia, 454 
Ilypemcphioma, 1506 
Hypcronchomas in tuberous scIerosK, 1733 
Hypcrostcogeacsis, 715-716 
definition, 701, 702 
homeostasis 695 

Hyperoxaluria, biochonical defect in, 437 
primary, 751 

Hyperparathyroidtsm, acute parathyroid in- 
toxication, 608 
dental signs, 1582 
and pancreatitis 1661 
primary, 604-6{)8 
clinical picture. 605 
diagnosis, 605-^7 
treatment, 607-608 
toentgesi findings, 1582 
secondary, 60S--609 
nith osteomaboa, 713, 715 
Ilyperphospbatasemia, as index of bone dis- 
ease. 159 

in metabolic acidosis, 471 
Hypcrpigmentation and mebnocytestuDU- 
btmg hormone, 572 

Ilyperpotassemu (see Potassium intoxica- 
tion) 

Hyperproteincmia in multiple myeloma, 
1342 

Hyperpyrexia (see Fever; Hyperthermia) 
Hypersensitivity, as cause of purpura. 
1316 

debyed and immediate, 1257 
drug (see Drug h^ersensilnity) 
in gonococcal artlmlis, 929 
in miaobial diseases, 862 
"Hypersplenism." 207 
llypertelocism, 1728 
Hypertension. 1346-1360 
acute tububr necrosu and, 1494 
adrenal cortex and, 1 349 
adrenal mtdulb and, 1348 
in adrenal vinlism, 623 
aldosterone and, 1549, 3351 
angirul pain and, 34 
angiotensin and, 1348 
apresolme and, 1359 
artenovenous fistula and. 1351 
m barium Misonmg, 620 
benign, 1350 

brecyhum losybleand, 1357 
chlorotliiazide and, 1 357 
classification, i 347, 1 350 
coarctation of aorta and. 1 351 
cold pressor lest and, 1 349 
constitutional factors in, J 349 
coronary blood flow and, 33 
curable, J 350 

CustiRig’s ayndrome and. 1351 
diagnosis, 1355 
dibenzyltne and, 1359 
dietary management, 1357 
dissecting aneurysm and, 1365 
diuretic drugs and. 1359 
drug therapy, 1357 
ecbmpsia and. 1352, 3499 
encephalopathy and, 1354 
in epidemic h^onnagic fever, 1187 
epistaxis and, 1353 
essentia), 1350 

ganglionic blodong agents in. 1 357 
glaucoma and, 423 

in glomcru1oDephntis,919, 14SI. 1483 
guanetbidiue and, 1357 
headache and, 29, 1353 
hydralazine and, 1358 
in hyperaldostcionism, 622 
intracranial, 1814 
kidney and, 1474 
lupus erythematosus and, 1894 
malignant, 1350, 1554 
chrontc pyeloncphnbs and, 1485 
nephroscfcTosisand, 1486 
scleroderma and, 1 501 
mechanism, 1350 
neurogenic, 1349 
norepinephrine and, 1348 
obesity aid, 1357 
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Hypertension, paroxysmal, and phecliromo- 
cytoma, 632-634 
in tabes dorsalis, 1075 
in pheoehromocytoma. 632, 1351 
pituitary gland and, 1 352 
in poliomyelitis, 1143 
in polyarteritis nodosa, 1890, 1891 
polycystic kidneys and, 1504 


m cirrhosis, biliary, 1693 
Laennec’s, 1688 
and collateral circulation, 155 
in CtuieilhierBaumgarten syndrome, 

edema with, 182 
and fatty h\cr, 1695 
and fibrocystic disease. 1666 
hematemesis and melena, 144 
hepar lobatum, 1699 
and hepatitis, 1675 
and polyeystic disease, 1699 
in portal vein occlusion, 1705 
pressure measurement, 16 j 
in pylephlebitis, 1705 
in schistosomiasis. 1695 
and splenomegaly, 155 
and subacute hepatitis, 1675 
surgical correction, I6S9 
and vances development. 145 
and venous occlusion, 1705 
potassium and, 1 351 
predisposition to, 1350 
prognosis, 1354 

pseudounthoma elasticum and, 1888 
psychotherapy, 1356 
pulmonary (see Pulmonary hyperten- 
sion) 

pyelonephritis and, I4S5 
race and. 1350 

Rauuolfia denvatnts and, 1 359 
renal arterial nanouing and, 1351 
serial roiiex and, 1351 
renin and, 1348 
retinal changes in, 1353 
nee diet and. 1357 
scleroderma and, 1898 
signs and simptoms, 1353 
sodium and 1351, i357 
systolic, 1 350 
thyrotoxicosis and, 1350 
toxemia of pregnancy and, 1 352 
treatment, 1355-1 360 
surgical, 1352, 1359 
symptomatic, 1356 
in uremia. 1477 

unilateral renal disease and. 1 351 
uttviiia and, 178, 1477 
vascular changes in, 1 554 
vasodilator substances and, I34S 
(See also Blood pressure) 

Hypcrtcniive cerebral hemortliagc, 1779- 
1783 

Hypeitensive encephalopathy, 1789 
focal type, 1354 
general form, 1354 
treatment, 1360 
uremia and, 178 

Hypertensive heart disease, 1458-1459 
Hypertensive vascular disease, 1 546-1 360 
liyperthermia, in bulbar poliomyelitis, ! H3 
in cryptococcosis, 1055 
in eastern equine encephalitis, 1 1 55 
habitual, 69 
in poliomyelitis, 1143 
in relapsing fever, lOSS 
in Rocky Mountain spotted (ever, 1096 
in smallpox, 1164 
m trypanosomiasis, 1206 
in typhoid perforation, 942 
Hyperthyxoidism. 589-593 

asialorrhca, 15S1 

and offhosis, 1695 
clinical picture, 590 
du! 


agnovis, >90 
differential, 591 
etiology, 5S9 
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572 

ami oslraporosis, 707 
pailicIojT. 590 
ttilti ptcgnancy, 592 
sitprtcnion test. 591 
ami flijrotropin, 571 
aid lonsue tremor. I SS2 
treatment. 591-595 
llrpcilomu Uenaonl in atliclotis. 245 
1 I>-p«lrislTCciicicinja. 779 
lljpcrttopliia musculorum lera, 725 
ll>T!ertropliie osteoarthropatliy, 1920--1921 
ucatment. 1921 
umUtml, 1920 

Hspertrophic poIyneuropallDr. 1878 
llyperveiililation, -471 
anxiety state and. 507 
chest pam . 

^ id,' 9! 
ii A. 550 

IS D (see Vitamin D mtoxi 
rmia and caremama, nietatas 

■ frc,169S 

H)Tx>cafecTnb. ti — . 

in metabolic acidosis, 471 

cular disorders, 249 
I. 1665 



ilhalosis. diSerentiaboti 
■ iry acidosis, 1 590 
... 1590 

alValotie iwdrome. 579 
1591, 1614 

cirrhosis, 1691 

anemu (teeAnemul 

j. 495 

arntth. 1280 

in infants, 205, 1280 
UTpo^bTinosencina, aettniied, 12$ 
n)Toymmas1obulmeisia (see Aeamrea* 

Kipofcnitalism mth pineal tumors, 658 
llyTOclsbuliomia in bacterial endocarditis, 

Ifsposlossal nerre, 29S 

llrposlyccmia, m diabetes mellitus, 641, 

diderenlial diagnnsis, 126 

viVVi Tits 

m slseogen storage disease, 773 

in infants, 1746 

with islet cell tumors, 661-662 

palpitation and, 90 

rtacliie.665 

from ■ smoVe," 829 

and s>-ncopc. 507 

IIj-poElvccinic agents, oral, m diabetes 
melhtas. 647-64S_ 

. poslycemic 

Il'riogonadiii:.. 

1 toclich 1 syndrome, 66"' 
in licinochromalos.s, 766 
Wincfellet's syndrome, 667 
Laurence Moon BKdl syndrome, 667 
and osteoporosis. 707 

postpubciil. 666 
picpubaal. 666 
primary, 666 
secondary. 666 

llypoValcroia (tec Potassium depletion) 
llspoiiiagncsemii, 49 s 
ilifpoii3tietnij.452 
a-iite dilotional, 455 
m acute gastric dJalation, 1625 
arrmplo natir. 435 
elironic dilofioital, 452 
CM!ttt.an.4>4 
diuretics and. 1633 


rse. I5i 
m metabolic albalosis. 474 
in panhypopituitarism. 567 
after prednisone, I6SS 
nremuand, 172 
(Set afio Polassinoi depletioa) 
Ilj-poparalhyroidism, 600^03 
acute. 602 
cliionie. 602-663 
dental signs. 1 582 
osteoscloosis in. 716 
Ilypophosphatasia vntli o^eoaiatacb and 
nclets, 720 

llvpoplrosphattmia, 745 
renal faduteand, 175 

Ilypophysectomy. meet on pafatliyroid, 60< 
llypopliisis (see Pitmtai)) 
Hy^piluitaiism. anemia m. pathogenesis, 
207 

postpuberal. 676 
prepubera). 675 
(See also Panhypopitoitansm) 
Ilypopotasscmia, m periodic paralysis. 736 
renal failure and, 175 

HypoptoteinemiJ. nephiosis and, HS3 
m pcmpbigus, 1950 

in ilocly Mountain spotted fcier, 1097 
Ilypoprothwinbiiieinia. from anticoagoUnt 
diues.224 

and buurv obstioetion. 1708 
causes, 224-225 
congenital and idiopathic, 225 
idiopalbic. 225 
meamnjot. 224 
m sprue. 5>7 

steatonhe* complicalion, HI 
from sitamin K deOancy, 225 
Hyposensitization. 1253 
Hypotension, m Addison’s disease. 613 
m eecebral thrombosis, 1776 
chronic, 104 

coronary blood Sow and, 54 
tn intehiul obstruction, 1634 
ortbosUtic, from emetine, 1 199 
syndiome, 305 

postural (see Postural hypotension) 
IlypothalamK infantilism, 673 
Hypothabmus, ACTtI cegubtion. >76 
autonomie regublisg mechanism, 269- 
270 

in body temnnatate control, 61 
in control ot sweating 65 
and gartiK seciclioa. 1 59) 
neurohypophrsisand. 573 
sebs.e4VJ,W\ 
in po)«mye’itis, 1)44 
in piccociom puberty, 677 
thirst regnblmg center, 573 
Hspotherma, 855-856 
causes. 64 

and cold mrary, 555-841 
expenments, 855 
exincorporea) inducbon, 856 
immersion, 65S 
CTitKal. 859 
depres&anl. 833 
stimubtosT, 85S 
re« arming following. 837 
surgica), 855-836 
Hypothytoidisin. 585-539 
anemia in, 1237. 1303 
cIuiidI picluie, >85-587 
m Dcbre Senieiaigne rnidtome, 723 
diPercntiai diagnosu, 557-5SS 
m Ilofftnan syndfom^ 723 
latrogcsuc. SS5 
macrocytic anemb m. 1287 
in muscubr hy per t iop hy, 728 
primary, 5S5 
sccoxubty, 535, 586 
lieatnient. 5SS-589 
Ilypoionu. benign, congenita). ]739 
i{)y«srnt>bl>on. 846 
sUcobr (see.AKcobihyposcntibtion] 


II)-poxia, 114, 849 
acute, 1 17 

and ad^-namic ileus, 1653 
anemia and. 115, 116 

arterul, 115, Uo 
mechanisms, 110 
cardiac output and, 1 18 
chronic. IIS 
cueulatorv, 116. 117 
congenital heart disease and. 1415 
after congestive heart failure, 1694 
cor pulmonale and. 1 538 
cyanosis and. 116, 1521 
effects, 117 
emphysema and. 1520 
tsetcue and, 116 
heart failure and. 1 595 
in hepatitis, 1680, 1682 
liistotonc, 116, 117 
hywrcapnu and, 1 1 7 
irv nypatliytoidism and cirrhosis, 1695 
hypoxic. il5 
mechanisms. 115 
arterial, 110 

physiologic adiustment to, 118 
in poisoning, 817 
polycythemia and, 1 IS, 1 521 
pulmonary resistance and, 1553 
pulmonary sasoeonstnction and, IIS 
in respiratory acidosis, 463 
treatment, 1574 
Hypoxic cnc^lialopathy, 1849 
Hypsarrhjthmia. 1745 
Hysteria, 397-404 
bach pain. 53 

cause and mechanism, 401-402 

cumpensatior^ 401 

diagnosis, 403 

fainting. 307 

gait, 285 

pain. 20 

paralysis, 244 

sensory changes, 267 

meatmg, 85 

cvmptomatoIoEjr, classie, 39S 
synwp*. 307 
syndromes, 359-341 
treatment. 403 
Hystenal tremor, 245 


laliocenk dooidets, heart dis»se and, 

1380 

leebnd disease, 1144 

Ichthyos^ congenita!, seasons! madenee 

VmVffiaatrwi ro, 7 % 

$»«tmgin, 85 

ICSH (see Intentitial CEll-stimubting lioi- 
mooe) 

Icterus, chrome farnfluT, 1 295 
m clostndial mfrctions, 997 
in gold poisoning. 81 3 
m gooocoecal mlections, 929 
in hlebsiella infections, 95S 
In leptospirosis. 10S6 
in pleurodynia. 1 1 31 
in psittacosis, 1127 
in relapsing fescr. lOSS 
■n toxoplasmosis, 1209 
in yellow fner, 1185 
(See afro Jaundice) 

Ideational apraxia, 255 
Ideomotor apraxia, 233 
Idiomusaibr irritability. 251 
llcitu, acute, 162S. 1629 

appendicitis diOcrentiat/on, I62S 
and regional enteritis, 1628, 1629 
treatment. 1650 

Ileopioctostoniy for colonic polyposis. 1645 


^Te's?’ ’ 

Ileum, bleeding from, 1640 
eaicincnds, 1655 
caranoma. 1652 



LNDEX 39 


Heuffl, content processing and coion motor 
activity, 1659 
diverticula, 1624 
mSaTOTnatoty disease (see Ucvtisi 
Ij-mpliosarcoma, 1632 
m Meckel’s diverticulum. 1624 
obstruction (sec llcusi 
in regional enteritis, 1626, 162S 
"skips,” 1627 
stenotic phase, 1629 
tuberculosis iiivohcmcnt, 16S0 
uleeratiie colitis, 1649 
Ileus, advnamic, 1653, 1634 
tube decompression, 1636 
and appendicitis, 1637, 1638 
colitis, I64S, 1649 
diverticulitis differentiation, 1646 
dviiamic, 1633 
gallstone, 1711, 1713-1714 
meconium, and fibrocystic disease, 1666 
after mesenteric tliiorabosis, 1635 
paralytic, 1633, 1646 
and diverticulitis, 1646 
after mesenteric thrombosis. 163S 
and pancreatitis, 1635, 1662 
and renal eolic. 1579 
and peritonitis, 1638 
and portal vein thrombosis, 1705 
spastic, 1633 

and stasis of small intestine, 1626 
and steatorrhea, HI 
(See also Intestinal obstnicbon) 
llhcus vims, 1194 
Iliac abscess, 1033 
Illusions in delirium, 356 
llotjetn (enthromyem). 875 
Immersion toot, S39, 840 
Immersion foot syndrome, 837 
Immune reactioa, hepatitis virus. 1671, 
1673, 1674. 1679 
in ulcerative colitis, 1647, 1651 
Immonrt^, common respiratory disease, 

poliomyelitis, 1145 
syphilis, 1070 
tuberculosis, 1001 
tularemia, 964 

Immunization, adenoviruses, 1121 
anthrax, 975 

arbor virus encephalitis, 1156 
bacillary dysentery, 951 
botulism, 995 
diphtheria, 988 
epidemic typhus, 1 105 
measles, 1159 
mumps, 1163 
plague, 969 
poiiomychtis, 1147 
Ko^ Alountain spotted fever, 1100 
smallpox, 1165 
tetanus, 991 
tuberculosis, 1019 
tularerau. 965 
typhoid, 945 
yellow feet, 1185 
Impetigo, 1030 
Impotence, 668-669 
m cirrhosis, 156, 1686 
in depression, 407 
in tabes dorsalis, 1075 
Inclusion blennorrhea, 1175 

(See also Inclusion coniunclivitis) 
Inclusion conjunctivitis, 1176 
India ink” test in cryptococcosis, 1055 
"India rubber man,’’ 1885 

(See also Elilcrs Danlos syndrome) 
Indicator-dilution curves, congenital heart 
disease and, 1420 
Indigestion, 124-138 
age factor, 128, 329, 130 
and alkali drugs, 130 
and allergic tearticms, A30-131 
and anorevia, 125 
and appendicitis, 129 
and cancer. 128, 129 
chronic, 132. 136, 157 
and chronic cholecystitis. 1712 


Indigestion, and colon disordcR, 129, 131 
definition, 124 

and diaphragmatic hernia, 129 
difiacntial dagnosK, 114, 116-13V, 137, 
1675. 1708. 1712 
after diphenythydantom, 130 
and emotional stress, 130 
and fat intolerance, 1708, 1715 
and functional disorders, 130, 1712 
gallbladder disease, 12^129, 1708, 1711 
and gastritis, 1618 
and laundice. 124-138 
pam. 124-13S 
and biliai^ colie, 125 
"periodicity,'’ l27 
visceral, 124-125 
and peptic nicer, 127 
in postnepatitis syndrome, 1677 
postprandial, 126 
and chronic appendix disease, 129 
and psychogenic disorders. 130 
and py lone obstruction, 126 
symptovrvs, 125-127 
specificity for diseases, 124, 125, 1708 
and vital hepatitis, 1673 
IndoIe<)uinone, 733 
Infantfs), chalasia. 1588 
exposure to cold air or water, 838 
jaundice. 151-152 
neurologic testing, 1722-1724 
serum bilinibm levels, 151, 152 
(See also Children) 

Infantile mosculac atrophy, 1732, 1739, 
1870 

Infantile paralysis (see Poliomyelitis) 
Infantilism, liypoihalamic, 67> 

Infarction (see Myocardul infarction. Pol 
monary infatcliOR, other specific sub- 
lects) 

Infection, anemia assoculcd mth, 206, 
1303 

clinieai manifestations. 863-^64 
in diabetes melhlas, 637 
diagnostic pioccdures, 864-668 
anodianhea, HO 
fever in, 63, 66-67. 69 
host parasite relationship, 861-863 
lassitude m, 386 

leukemoid picture caused by, 1331 
neunsthenu in, 386 
pathogenesis, 863 
purpura associated vnth, 223, 1 317 
in radiation injury, 853 
(See also specific sites and infections) 
Infectious diseases, 861-868 
chemotherapy, 868-8S7 
diagnostic procedures. 864-867 
influence of dugnosis, 867 
meehanisnis of uijuty, 862 
pathogenesis, 663 
resistance to, 861-862 
skin tests in, 867 
tropism in. 862 

Infectious mononoctcosls, )248-1251 
clinical manifesUttons, 1249-1259 
diagnosu, 1250 

etiology and pathogenesis, 1248-1249 
laundicc, I6S3 
liver in. 1682-1683 
with polyneuritis, l875 
Infectious pericarditis, 1469 
Infectious polyneuiiti^ 1523 
Infertility, 685^86 
tests for, 686 
treatment, 685-686 
Influenza, 1123-1126 
antigen types, 1123 
prophylaxis, ll25 
treatment, 1125 
(See also Grippe) 

Inhalation of noxioiis agents, pneumonitis 
and, 1541 

pulmonary disorders and, 1 540 
Inlientauce, of disease, 43Ci-435 
dominant, recesnve, and mtennediate, 
433 

intcnnediat^ -J33 


Injury current, electrocardiosram and, 503 
Insect bites, pruritus from, 83-84 
Inseehddes, in plague control, 969 
as poisons. S24 
arsenical, 812 
nicotine, 827 
oiganic phosphates, 827 
Insomnia, 323-324 
m anxiety, 591 
in depression. 407 
treatment, 32S 

Inspiratory reserve volume, 107 
"Inspissatrf bile syndrome,” ISI 
Insulin, in bone metabolism, 699 
in diabetes mellitus, 644-647 
in diabebe acidosis and coma, 653 
excess of (see Hypennsulinism) 
and gastne secretion, 1593 
in islet cel] tumors, 662 
ineclianism of action. 639 
preparations, 644-645 
requirements, 1660 
resistance to, 647, 786 
secretion, postgastrectomy, 1617 
sensitivity to, 646, 647 
ime, 495^, 644-645 

Insulin deficiency in diabetes mellitus. 638- 
639 

Insulin lipodystrophv. 646 
Insulin reactions, 645-647, 1272 
Insulin test m syncope. 309 
Insulin tolerance test, 567 
Intention tremor, 245 
IntercapiDary glomerulosclerosis, 638, 1492 
Intercostal cramp, chest pain and, 38 
Interference (viral), 111) 

Interferon, llll 

Intermediary metabolism (see Metabolism] 
Inteimiltent claudicabon, 57, 1 369 
Intermittent hydrarthrosis, 1921-1922 
Intermittent positive pressure breathing. 

Interna) carotid artery, headache and, 25 
Interstitial cell-stimulabng hormone 
(ICSH).665 
InterstituI fluid, 449 
exchange with plasma, 454-455 
Inlertngo, momlial, 1062 
in pemplups vegetans, 1929 
Interverteoral disk, oack pam and, 49 
cervical, 54 
ropluied, 54-56 

Intestinal anastomoses, macrocytic anemia 
with, 1287 
"Ititestmal flu," 1134 

Intestinal obstruction, acute, 136, 1633- 
1636, 1656 
adhesions, 1633 

decompression, 1636 
age factor, 1636 
appendicitis complication, 1638 
bezoars, 1633 

of colon and rectum, 1656-1657 
from colonic tumors, 1655 
definition, 1633 
dehydration. 1634, 1635 
dia^osis, 1633, 1635 
ana diverticulosis, 1646 
and enteroliths, 1633 
etiologv, 1633 
and inflammation, 1656 
intermittent, after surgery for enlenlis, 
1631 

and intussusception. 1633, 1636, 1657 
iiiechamcal, 1633, 1654 
and motor disturbances. 1625-1626 
mural, 1633 

nonmcclianical (see Ileus] 
obstipation, 1634 
and pancreatic tumor, 1660 
partial, 1654 
and indigestion. 127 
perforation in. 1634 
prognosis, 1636 
and stnusolation, 1633 
symptoms, 136. 137, 1633, 1635 
treatment. 1635 
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InteUines (jce Colon, Cistioinfolinal 
tract. Small intcjtme) 
iTito-siwlion.actUnitn). 8V8 
accloplienctidin, &I8 
by acids, 818 
aconite, 818 

akol\o\ <$«« Alcoholism) 
b5aa3li,818 
a iiidopjtme, 819 
aimnopjrmc, 819 
awplsctsminc, 819 
aimsdalm, 819 
aniline, 619 
antilinlamine, 819 
antimony. 812 
arsenic, 812-81 J 
arsine gas. 812 
‘ A S and D." pills, 829 
atropine, 819 
banuin, 820 
belladonna, 819 
beniednne, 819 
bcfucne, 820 
bismuth, 8(1 
bromide, 820 
cadmium, 812 
ca/Ieine, 821 
camphor, S21 
cantliarioes, 82] 
aibon monoxide, 821 
carbon tetracbtnride, 821 
castor beans, 822 
chloral hj-drate, 822 
ClotOT. 820 
eolehicine. 822 
copper, 812 
coraininc, 822 
croton oJ, 822 
nanide, 822 
DOT. ^22 
decccinnt 819 
EPN, 827 

ergot, 822 
(ava 822 
flirorKle, 822 
formaldehyde, 324 
Fosylcr'a loluiion, 812 
tavaline. 824 
gold. 812 
nashisli, 822 

by heasrmetala, 811-81$ 
henbane, 819 
linrP, 827 
hsosnnc, 819 
h)Oscyamine, 819 
Indn hemp, 825 
inseclicidei, 822, 824, 827 
lodmc. 824 


824 




. 824 


larUpiir, 818 
lead. S12-8I4 
Its lcsil.en\oid picture. 1221 
Lssol. 828 
maznisiurii. 825 
M^atliion, 827 
mariluuna, 825 
mercury, 814 
mescaline, S25 
methyl alcohol, 625 
Metrazol, 826 
Mipafot. 827 
monUIiood, SIS 
mothballs. 826 
mushrooms. 826 
mussds, 827 
nicotine, 827 
niglitsbade, 829 
mtcthamide. 822 
oil ol ^mlergrccn, 629 
0\IPA, 827 
opiilcr. 804 
oxalate. 627 


Tnloaltalion, parjljeltTd^ 82$ 
Parathion, 827 
pans gicm, 812 
peyote, 82> 
plicnol, 8ZS 
phosplioriH, 823 
rhyioben, 829 
piciic and,823 
pnve oil, 829 
potsonbeny. 829 
poVetoot. 629 

^innpl^of management, 615-818 

Pyramidon, 819 
non, 822 
talicyrlale, 829 
scopolamtne, 819 
silver, 814 
smog, 829 
“ainolc,“ 829 
inaletoot, 826 
sodium hspocblorite, 820 
solaninc, 829 
atramoniiiTn, 819 
itryclime. 829 
miemic dTeels. 817-818 
Srstiw, 827 
itpp. 827 
iballiam, 815 
tbomipple. 819 
tiematoi, 826 
iurpentine. 8)0 
»efrsbane.8i8 
nood alcohol, 82$ 

Intracellular fluid, |83. 419, 450 
Intncramal bcmonlijee, 1779-1785 
Intracianul hypertenuon. |$14 
Inlraeranul prewofe. u» ^ain (umon, 
IS20-I622 
headache and. 26. 27 
Intraersnul stnictuin headache and. 24 
Intraenble anpna. 1451 
IntQCtable pain, 1* 

Intiactable lieart failure. 1592. 1595, 
1892 

“Intnnsse fatlor.” 1261 
fnriibatioii. rn diphthetM 9S7 
duodenal. diBetenii^ dugnous, 141 
lotimuseeplion, 1657 


1657 

and leioinyomas, 1651 
treatment, 16)6, 1657 
Insolucruni, 897 
Imoluhon, 440-442 
in nersour ayalem, 442 
Imolutional mel3Rciii>|i3.41MI5 
lodidetsl. and 3cuc, 19)1 
tnnding, 584, 58^ 
coitpling, 584. 585 
as eipcclorints. 1575 
in ecoliichous. 1055 
and polyartentu nodena. 1859 
rnclions associated siith. 1272 
itleassng. 5S4 
in iporolricfrosis. 1061 
trapping, 58), 5S4 
Iodine, buianof-cxiractaMe. S84 
tn coacf, 5S5. 595, 596 
m hypcrlbpoidisin, 589-592 
mrlabolnm, 5S5-554 
poBonms by, 824 

prolem bwnd (see Prracin bound w- 

ridioactne (lef Radioactne iodine) 
lodoproteins, >85 
Ion eacliJisgc, 455 

acW base cquilibnam regulation by, 464- 
46> 

m hone, 692, 695 

Ionic flow, electrical jMimlial and, 501 
lonning radiation 65o 
mfluenccon mfcctini — 


Iptoniuld, and bepititis. 170$ 
reactions associated with, 1272 
Iridocyclitis (sec Uvcitii) 

IriJodoncsir, 1884 
in Marian ryndiomc. 1SS4 
Iritu, adenosirus, 1176 
in elnckenpoy. 1|67 
and cntcfilit ttcalincnf, 16)0 
in eiytbema nnsitifonne, 1924 
m leptoipifoiii, 1086 
m polyarteritis nodosa, 1890 
m Ucitcr’i SMidroiiie, 1908 
m ftlipiinsiort, 1088 
m secondaiv csplnlis, 1071 
(See also Uvciln) 

Iron, body stores. 146-147 

and lises bemtA'dcisndtpOMls, 1595 
fonnition, 146-147 
fnetabolisin, 1275 
In assoelalion with inlectiuii, 206 
liemoctiromitoMs, 78$ 
planna, m diflctent disorders, 211 
lonrce, 205 

for plummet N'mson jyridfome, 1 5S9 
poisofting by, 824 
rct]iiireincrifi. 1279 
turnniff per day, 202 
lumoicr rale in ptiinij, 215 
normal values, 1945 

Iron binding capaaty. of plasma is diferent 
eonditions, 21 1 
serum, normal lalues. 194) 

Ifoii defleiency. circpmjfanees eansing. 1279 
liDiideiicirnes- anemu (see Anemia) 
iron lung. 15'7 

Iron therapy m anemu. 215. 1250 
Irradiation (see Radiatron) 

Irreversible obsintciive lung diveate. 1 514 
Imtable colon ryndrotne, 1 51, i64)'I644 
and artoplugn, 145 
and alcoliol, 1644 
ami ronviipation, 142. 1645 
and dunhea. 140 
difletentul duqnnvis, 1644, 1655 
and emotions. 140, 1645, 1644 
ami malipiancy, 1644 
and pain, 129 
treatment, 1644, 1651 
and ulcer, 1644, 1655 
\yt\itmin. tneVia) tjeeC«Amii w.Vtnra> 
eleettocaidiognm and. 517 
in immcnion foot, S10 
...in m extremities and. 57 
...hemic beast disease. 1445-1454 
Isclicmic neuritis, 1 567 
pain m extremities and. 57 
Islet cell tumors, 661-665 
Islets of Lanccthacit. in diabcfet melbtus, 
657, 662 

lipofropie hnrmone, 1660 
and pancreatic disease, 1660 
Isoimniumution m neisbom. 151 

Isnma/id, SSO 

at cause of pyridotine deflacncv, S5S 

and hepatitis, 1704 

reaetioni associated with, 1275 

in tuberculosis, IDIO 
Isomeotinic aod nydraiide (tee IvonnriJ) 
liopro^jlnorcpineplirine, heart block ino. 

Isoproterenol hydrothloiiJc lot tespita’oty 
obstruction. 1 574 
fioipnra bttli, 1212 
Irraporj horninij, 1212 
Isuptcl (see Isoptotcienol lijdtocluotidel 
Itaqm virus, 1194 
Itching, 82-84 
III biliary stneture, 1714 
nianagenicnt. 84 
m pancreatic cancer. I66S, 1669 
treatment, 1669. 1714 
iitemit and. ISO, 1477 
(^ealso Pruritus) 


hS 
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Jaiob-Creutzfeldt's disease, 1858 
myoclonus in, 246 
Japanese B encephalitis, 1 1 55-1 1 56 
JanscHnerxhcKnct tcaction, 1Q79 
Jaundice, 146-152 
acholuric, 151 
chronic. 1295 

in acute abdominal disorders. 1712 
age factor, 151, 152 
and amjloidosis, 1696 
in baetcroides infections, 957 
in biliary obstruction, H9-1S0, 153- 
154. 1597, 1660. 1676, 1692-1693, 
1701, 170/', 1713 
andbdivadin. 146. 1701 
and calcium bilirubinate precipitation, 
1710 

and cancer, 1702, 1711 
ampulla of Vater, 1663 
bile ducts, 1668 
pHbbddci, 1717 
Incr, 153, 164. 1697 
metastastic, 1693 
panacas, 1667, 1668 
m carbon tetracluonde poisoning, 821 
tatatrlial. 1670 

cholangitis, 1702, 1703 

— lentsi 

I-I712 

and clioledoeholithiasis, 1711, 1713 
cholestatic, 149. 151, 153, 163, 1707. 
1710-1713 . 

and cholesterol icsels, 163, 1637 
m eirrhasia, bflury. 1692-1693 
cardiac, 1694 

Laennec’j. 16S6. 1637. 1691 
postneerelie, 1691 
clusvfication, H9 
m clostnd^l infections. 997 
congenital familial. 152 
Crigter'Nanar syndrome, 1670 
definition, 146 
diagnosis, 162 

diSerential, 165-165. 787. 1663, 1676. 
1691, 1708-1710,1712 
serum tests, 146-153, 163-164, 
1687, 1702 

dnu reaction, I51, 1713 
in Pubin Johnson syndrome, 1670, 1700 
and duoderul drainage, 165 
and echinococcus ents, 1717 
and gallstones, 1710 
and gastrointestinal bleeding, 1600 
in (Albert's syndrome, 152, 1670, 1699- 
1700 

glucuronidcs, 147 
di' and mono ratios, 151 
in gonococcal infections, 929 
m granulomas, 1634 
hemolytic, 149, 151-152 
biljnabin levelv 148, 149 
congenital, 1295 
crisis, 1711 
in liepatitis, 153-154 
drug-mduced, 1681 
fulminant, 1675 
subacute. 1675 
sj^tcmic infection, 1682 
siral. 1673. 1701 

hepatocellular, 146, 149, 150, 162, 163, 
1711.1713 

and obstruct!' e, differentiation, 153 
in HodgVin's disease, 1696 
in hyperbilirubinemia, 1699-1700, 1703 
and indigesbon, 124-138 
in infecbous mononucleosis. 1632, 16S3 
and inflammation, 1692, 1714 
"inspissated bile syndrome," 151 
intermittent idiopathic, 1700 
m kkbsiella infecbons, 933 
latent, 146 
in leptospirosis, 1086 
liser diseases with. 1699-1701 
and lucr flules, 1/17 
after methyltestostcronc, 1695 
neonatal, 151-152 
and nephrosis, 153 


Jaundice, nonhemolytic, 152 
obstructive, 146, 149-150. 162, 1693, 
1701 

carcinomatous onset, 1702 
Irom diverticula pressure, 164 
and hemangiomas, 1697 
hypocalcemia. 155 
and serum hpids. 163 
"overproduction,” 1 52 
and pain, 324, 
painless, 1713 
in panaeatilis, 1662, 1666 
paliiogenesis, 149 
in pcinicwus anemia, 152 
persistent. 1713 
portal hypertension, 1703 
poslchofecystectomy. 1716-1717 
in pylephlebitis. 1705 
ana pyogenic abscess. 1699 
in Q fever, 1103 
leguigitahon, 149, 1711 
fluctuating. 1713 
itching control, 1714 
m relapsing fever, 1038 
“relenliony* 149 

and reticuloendothelial infiltration, 1696 
in rotor Mdrome. 1670, 1701 
in sarcoioasis. I6S3 
subetinical, 146 

after surgery, and stricture, 1714 
and systemic infections, 1632 
treatment, 1669, 1714 
tuberculosis, 16S3, 1684 
(See also kterus) 

! C]unal secretion, normal \-atucs, 1945 
ciunum, earanoma. 1632 
dnerticula, 1624 
and macrocytic aftcmia. 1625 
enteritis, 1623 
obstruction. 1625 
recurrent ulceration, 1606-1607 
Jellyfish stings, 1245 
jet engine noise, heanng loss from, 84S 
JimsoDHced poisoning, eI9 
[ohne's disease. 1024 

Joint diseases (see Arthritis, Degenerative 
joint disease) 

Jugular vein, distention in cardiac cinhosis, 
1694 

[ulien Mane syndrome. 303 
Juvenile iheumaloid aiihcitis (see Still's dis 
case) 


Kahn test, 1077 
Kala-azar, 1202 

(See also Leuhmaniasis, visceral) 
Kanamyesn (Kantieal, 576 
reactions associated with, 1273 
Kaposi's sarcoma, racial difference of, 72 
Kaposi's vaiicellifoim eruption. 1 165. 1 171 
Kartagener’s syndrome. 1549 
Katayaraa disease, 1225, 1228 
Kaysrt Flctscher img, 768-770 
KeiK3etta0O blood g^p, 438 
Kent’s bundle, 1402 
Kerandel's si^ in trypanosoniiasis, 1206 
Kciasin, 1696 
Keratin, 78 
colormg agents, 82 
Keraliniration and nail growth, 86 
Kciabnocvtc, 78 

Keratitis, in congenital syphilis. 1076 
in erythema multiforme, 1924 
herpes simplex and. 422, 1 171 
in lymphogranoloma venereum, 1 177 
in measles, 1158 
in rosacea, 76 
in trachoma, 1175 
from ultraviolet light, 854 
Kerataconjunctivitis, epidemic. 1176 
Keratoconiunctivttis sicca, 1917 
Kcratoderma blennonhagica. Reiter's tjn- 
diome and, 1903 


Keratomalacia in avitaminosis A. 543, 549 
Keratosis in Reiter's syndrome, 1908 
Keratosis pillaris, confusion with avitammo 
SIS A, 549 
"Kerion," 1939 

Kctnicterus, neurological sequelae, 1733 
Kerosene poisoning, 824 
Kctogcncsis, 431 

Ketones, in glycogen storage disease, 773 
total, normal values, 1943 
in urine, normal values, 1947 
17-Ketosteroids, in adrenal virihsm, 624 
in Cushing’s sjndrome. 618-620 
in liver disease, 1 56, 1 57 
in patibypopitmtarism, 566 
in urine, normal values. 1947 
Khelhn, reactions associated with, 1273 
Kidd blood group. 433 
Kidneyfs), abscess, 1033 
absence of one, 1 504 

m acid base equilibrium regulation, 465- 
467 

amyloid, 1502 

artificial, acute tubular necrosis and, H97 
in treatment of poisoning, 818 
bilirubiu in, 147 

di- and monoglucuronide clearance, 

149 

in laundice, 1 51 

bihfubiD-albumin split, 147, 149 
biopsy, 1478 
caibuncle, 1034 
carcinoma, 1507 
metastases, 1697, 1693 
congenita] malformations, 1 504 
cortical necrosis, acute, 1498 
cysts, 1504 

funcUen, concentration and dilution test, 
normal values, 1945 
depression m shock, 143 
disordered. 166 

failure in liver disease, 158-159 
physiologic considerations, 167 
in gout, 1505 
hepalotoxin response, 1681 
horseshoe. 1504 
hypertension and, 1470 
infarction, 1500 
pi^ttentu and, 1891 
insufficiency (see Renal insufficiency) 
polycystic, i503-1504. 1699 
in scleroderma, 1893 
sue on X ray, 1478 
sodium reabsorption and ascites, 154 
transplantation, uremia and. 14/7 
turnon, 1506-1507 
polycythemia with, 1 305 
unilaterally effused, 1504 
Kidney diseases, 147^-1 50S 
acidosis [see Renal tubular acidosis) 
adrenal steroids in, 626 
amyloid, 1502 
anemia with, 206, 1303 
angiitis and, 1501 
back pam and, 52 
chronic, treatment, 1474-1473 
drugs associated with [table), 1272-1273 
general aspects, 1474-1478 
heart failure and, 1474 
hypercalcemia and, 1503 
hyperparathyroidism and, 607 
hypertension and. 1474 
infccbons, 1035 

(See also PyelonephntisJ 
in lupus erythematosus, 1 500, 1 50 1 
multiple m)'cloTna and, 1 543, 1502 
polyarteritis and, 1 50 1 
poljcythemia with, 1308 
purpura in, 223 
scleroderma and, 1501 
Sickle cell anemia and, 1506 
treatment, H7S 

Kidney stones (see Nephrolithusis) 
Kimmelstiel-Wilsorr sjmdronie, 638, 656. 
J492 

Kmctocardiogram, 1443 
anginal pain and, 35 
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law, ctecirocaidiosnm and, 507 
Kusing 1205 
KIcVs LncQfr baciUu?, ^32 
Jsfcimcl/a ^/Inf/andcrI, 93S 
KJdjtfcIh pnciiriionise. 933 
Klebsiella infections, 953-939 
scfo'ojical fcaclions, 93S 
uaJment, 959 
Klniie Lcsin ssTsdromc, 275 
Kline lest. 1077 
Klincfeltcr'i syrnfsomc. 6fi7 
eliromosomes in, -129 
Klippe) Fell syndroine, 1729 
Kluinple'j plcins tj-ndrome, 1740 
Kocli plienomcnon, JOOl 
Koilonjiliia, 209 
m iron defiaency, 1279 
Kolnier test. 1077 
Konno test. 1025 
Koplil spots, 1158 
oarnosis, 1551 

Kornjneis Dassen jrtidrotne, 1855 
KonaLofl j jwj-eliesu, Jd!, 300. 1841 
KotsaioS's syndronie, 27). 1841 
Koliesnilov 1 epHepiy, 1156 
Krahbc'i disease, 1862 
Kiif I disease, 1S60 
Kiissmanl bteathinc. 469 

uremu and, 150 

Kvcini teaelKm in larcoidosts, 1248 
Ksauiiur Forest disease, 1156 
Ksn«, 870 
Kynurenine, 7SJ 

KsThmenlioais, alseolat hypoventilalioa and. 
1524 

cardiac failore and, 1 524 
cawes. 1 524 

cor pulmonale aod, 1533 
(iiecii, 1524 
emphnemj and. 1515 
ID J lurler *>t)dio'ne. 1 8S9 
in Marfan lyndtoine, 1854 
Oiteosenesis imperfecta and. 1837 

R lramecUiis and. 1 524 
tt t disease, 1 5.4 
pulmonary failure and. 1 524 
in tlieuflutoid tpoadyhtu. 1915 


labile factot, 219 

Laboratory salnn of clinical nnpartance. 
1943-194- 

Ijoimal eland diuirden, 4IS 
ljiiiination.417 

Ijitatioii, calcium drp'ctinn in. 714 
Lactic acid, snetabolicm ot gUscose 6 plies 
pbate to. 477-478 

synthesis of elscoccn and sfueosc from. 
4*5 

Lactic deliTdrogenjse, serum levels m lA 
leslmal jnfairtion. 1635 
Ijctorenic hormone (see Luleotropic hot 

Lactoniru, 777 

laennec's cirrhorii (sec Cinbosii) 

I jennec’s perlrt, 1264 
Lafora b«ies. 1863 
UtibUasis, 1211-1112 
iSee af«a Ciardia iamblca) 

(jtrnna dura. 693 
absence of. 702 

lancefield poupmS (itreploeoenl, 901- 
902 

IjnJiury Dfierine muscebr dystropliy, 

*29. 733 

IjTJrvCtillijin Bitt< nndrome. 1875 
landrv s pajilpu m Addison's disease. 611 
JjnfnluiM. islets of (lee Islets of Ij-i^- 
hinsl 

..ntna-e (s<“ 

|jiism{ (poll 

1 jnti.ifin-n m he-nc mcfabolism. 700 
1 jru't.-loiiir n lestr cl uninonn cnjin. 70 
ljrLip-ir.RI8 

Lana trniran. eLtaneous. 1216-1217 


Ijna mipans.siseer)1. 12I5-I219 
Larynstjf sertiro, 307 
Larimsitis. in Atnenam snacKutancous 
leuhmaniasti. 1204 
/?. inAoenzae, 954 
m Instopbsntosia, I06Q 
in tepiosy, 1021 
m itiinospondHnn, 1M7 
rn syphi’i), 1075 
tuberculous, 1015 
Lan-ns.aanthosiS. 1513 
eareinoma, 1514 
diphlhcm,984 
diseases. 1513-1514 
in ds^basia, 133. 134 
liypetkcniosis, 1513 
icuVoplaVia, 1513 
obstruction, 1513 
paciisdennu. 1513 
papdtoma. 1513 
tubacnio^ lOIS 
Lasagne's sirv bach pain and, 46 
fesxfsed, 46 
Lassitude, 383-390 
in bnm tumor, ISI5 
m chronic infection. 356 
diSetcntul diagnosis, 357 
m metabolic disorders, 587 
psvchologicnl. 586 

Latent femoral entaneons nerve, diseuei. 
1880 

Lafredeefus snadaoi. 1241 
(See ako Blaci «ido» spider) 

Laurence Moon Bicdl tyndtome, 274 . 572, 
667.675 

Lasatnes, in cholces-slitis, 17I5 
dependence, and seetal defecatory re* 
Seyes. >42 

lA iintable colon smdrome. I644 

m rectal constipation, I645 

after sduntary defecation suppression, 

LCL bodies (psittacosis), II27 

LCM (see LympbocytK chorHSmcnintitu} 

LL «U, I195 

m bpoid hepatitis. 1679-16S0 
LC faeror. 1893 
Lead Ime, 8I4 
Lead neuropathy, )S77 
Lead poitoninc, 815-814 
anemu in. 206-207 
otilsijns, 1551 
treatment. 814 
Le^S dtseisc. IS7I 
Leeches, effects, 1257 
Left-arm myth, chest pain and, 32 
Left atnal enlarpemcnt. cmiial insufScency 
and, 1440 

mitral stenosis and, 1440 
Left lu^edncss and cndiral doiununce, 

l<ff to-rfght ibont. coosmital heart disease 
and. 1455. 1423 
Lcftsided hcait faduie. 1381 
acute, 1352 

Lett scntncle. Mood Bon ihrouHi, 33 
Lett smliictibr fadorr. acute. 1332 
tnyocardul hypoxia and, 3> 

Left senirirobi nypertrophy. 1406 
clinical recognitmi. 1-406 
clecfrocardiosram and. 517 
ruRCiated area Ihnixt in, 1406 
LepisJ, ulKfs. 1376 

I See also £aTrcmi*sci) 

Ixiom>«ma.C3sttie, 1621, 1631 
of otcius,677 

Lciornyoureoma. castsic, 1620. 1621. 1612 
siemoid colon or rectum, 1653 
( risnman Donosan bodies. 1302 
l.cisfiinaoia brasilicnstf. 1202 
Leishinania donovasH. 1202 
lyCfihmania rropica. 1202 
Lenhnunufis, 1203-1205 
.\nsencan snucecutaoeoiia. 12(H 
cnlancmix. 1204 
dry tvpc. 12(H 
suoi>t type, 1204 


Leislimanusis, cutaneaQS, rural type, 
1204 

urban type, 1204 
treatment, 1205 
dermal, 1203 
tecidisa, 1205 
visceral, 1202 
Egsptun type. 1205 
Indian type, 1203 
inbntile type, 1202 
Meditcrranan tj-pe, 1202 
prevention, 120> 
serologic reactions, 1203 
Sudanese type, 1203 
treatment, 1203 
Leishmanoidi, 1203 
Leas, dislocation (see Ectopia lentis) 
disorders. 418 
Leote insulin, M5 
Lentigmes, 785 
Leon (poliosirus), 1139 
Lepra DOS inuns, 1024 
Lepra buhaloruin, 1024 
•Lepra cdl.“ 1021 
Lepndi, 11)21 
Lepromin, 1022 
L^tosy, (020-1024 
dimorphous, 1021 
iinmunitr, 1023 
mdetensimate, 1021 
lepromatous. 1021 
muime, 1024 
neural involvement, 1021 
neuiitu uv, 18*6 
trestment, 1022 
fobeinilonl, 1021 
Leptospira austniu, 1035 
Leptospira aatumnaJiS. 1085 
Leptospira baWum, 1055 
Leptospira bativue, 1035 
Leptospira camcofa, 1055 
LeptospiragTippotyphosa, 1035 
Leptospira irterohemerrhasMc, 1035 
Lepioipira pomona. 1055 
Lniospiroiji, 1084-1083, 1673 
dIoos! cultum, 1036 
scrolope reactions, 1037 
Lcrirhe n-ndreni& 1363 
bocmenf, 1057 ... 

Letteis-Sm disease, H57, 1529 
letlere Sme syndrom^ 733 
Le^emia(x), li27-l»5 
acute. 132^1330 
aleukeinie, 1330 
anemia in, 207 
and aspergillosis, 1065 
basophibc, 1329 

clinical manifestabons, 1528-1531 
cosiTVe and prognosis. 1551-1312 
m cryptococtosu, 1054 
diagnosis, 1331 
cosinopliihc, 1329 
erylhroleukcmia. 1330 
etiology and pathogenesis, 132/-13-5 
fever m. 68 

and herpes eoster, 1 163 
mesdenee, familial, 1327 
of sarieoi types, *327 
from irradiation. 853, 855 1328 
irradiation in treatment, 1332 
and liver lesions. 1696 
lymphocytic, chronic. 1329 
lymphosarcoma cell, 1 330 
mesakaryobbstic, acute, 1350 
megalaryocytic. ) 330 
nionocytie, acute, 1530 
chronic. 1330 .... 

mytlocyfic, clironie, 1325-1329 
Naeseh tj^, 1350 
pathology 1325 

p'jjma «tL 1330 . . , , 

in pncumocystic pneumonia in aouiis. 

1210 

and pseudomonas niieetioiH, 9v4 
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Leulemia{3}i treatment, 1332-1335 
acute, 1332-1335 
bone marrow transplantation, 1335 
chronic, 1332-1333 
relative value of different agents 
(table), 1333 
varieties, 1327, 1330 
Leukemic infiltration of lung, alveolar- 
capillary block and, 3526 
Leukemoid picture, causes, 1331 
differentiation from leukemia, 1331 
m Hodgkin's disease, 1339 
in infectious mononucleosis, 1250 
Lcukcran, 1704 

Leukocyte casts, chronic pyelonephritis and, 
14S6 

Leukocytes, immature, in extramedullary 
hematopoiesis, 1696 
normal values (table), 1946 
postcliolecystcctoiny, 1717 
zinc content, 495, 496 
Leukocytosis, in acute diverticulitis, 1645 
in appendicitis, 163S 
atjpical biliary disease, 1712 
carcinoma, 1654. 1697 
’ -stee- • • 

in ciiolc^cholitiiiasis, 1713 
in colonic disease, 140, 1654 
and diarrhea, 140 
in electrical shock, 856 
in fecal exudate, 140 
in heat pyrevia. 834 
in hepatitis fulminant, 1675 
vital. 1673, 1674 
in intestinal obstruction, 1635 
m Lagnnec's cirrhosis, 1687 
in plague, 968 
Piogenic abscess, 1699 
in radiation iniury, 852 
in regional enteritis, 1629 
Leukooerma (see Vitiligo) 

Leukodystrophies, 782, 1S61 
Leukoencepnalopatliy, metaehromatic, 1837, 

Leukoerythfoblastic anemia, 1303 
Leukonychu, 67 

Leukopenia, from antithyroid drugs, 592 
m arsenic poisoning, 813 
m bacteremia, 865 
ftom butatohdift. 1912 
after chilling, 665 
from Chloromycetin, 875 
in chrome congestive splenomegaly, 
1336 

in Colorado tick fever, 1190 

from Darapnn. 1209 

in dengue, 11S9 

drugs psoduemg (table), 1322 

m Feltys syndrome, 1916 

from gold, 1914 

from Gnscofulvin, 879 

in H influenzae infections, 955 

in histoplasmosis, 1060 

m hypcivitaminosis A, 550 

m kala azat, 1203 

in klebsicila pneumonia. 938 

in Laenncc’s cirrhosis, 16S7 

m lupus crytliematosus, 1894 

in malaria, 1201 

m midlme eranuloma, 1254 

from Nitrofurantoin (ruradanlin), 879 

m paratyphoid fever, 948 

m pWebotomus fever, 1191 

and portal hypertension, 155 

from Ristocetin, 877 

m roseola infantum, 1162 

m nibclla, 1160 

in Russian tick-borne encephalitis, 1156 
in salmonella infections, 948 
in scliisfosQinmii. 1227 
m Smallpox, 1164 
from Spontin, 877 
from sulfonamide, 869 
in tuberculosis. 1008 
m typhoid, 942 

m W’ebei-Christian disease, 1900 


Leukopenia, in West Nile fever, 1192 
in yeDow fever, 1185 
Leukoplakia, 445, 1934 
oflaryn’c, 1513 
Lcukorrhea, in gonotihea, 929 
Leukosarcoma, 1330 
Levarterenol m anliyllsmias. 1395 
Levy Roussy syndrome, 1869 
Levvin's sign, bad pain and, 46 
Leu is blood group. 438 
Leyden-Ktoebius dystrophy. 729 
Leydig cell, hyperplasia (adenoma), 679- 
6S0 

testosterone synthesis tn, 665 
tumor, 624 

LH (see Luteinizing hormone) 

Libido, alterations, 273 
jn livei disease, 156 
loss, 66S 

Libman-Sacks disease, 1894 
Libman-Sacks vegetations, fupns erythema- 
tosus and, 1894 
Librium, 84 

Lice, in epidemic typhus, 1105 
and relapsing fever, 1088 
Lichen planns, 76 
oral findings, 1581 
Lichen simplex, 1927 
Lichen simplex chionicus, 1927 
Lightning pams, 58. 1074 
Lightning stroke, 856 
Lindane poisoning, 823 
Lindau's disease, 1733, 1821 
Lipase, levrels, postcholecystectomy, 1717 
serum, normal values, 1943 
Lipemu, in glycogen storage disease. 773 
postprandial normal and in sprue, 559 
Lipemia setnuiis. 780 
Lipemic serum, 451 

Lipidfs), biliary escretion and stone for- 
mation, 1710 
liver content, 163 
and alcoholism, 1685 
normal values, 1943 
phosphorus, normal values, 1943 
serum, in biliary curhosis, 163, 1692, 
1693 

and exanthomas, 1692 
tn hepatic failure. 1693 
in vtral hepatitis, 163 
and xanthomatosis, 1692 
Lipid granuloma, solitary pulmonary nodule 
in. 1561 

Lipidoses, 778-783 
Lipoehondrodystrophy, 1883 
(5ee a/so Iluiler svndrome) 
Lipodystrophy, msulin, 646 
intestinal. 141, 1631 
and sithntis, 1917 
Lipoid piotemosis, 783 
Lipomas, 1621, 1631. 1632 
of mediastinnm, 1 571 
Lipoproieinfs), 779 
action in bile, 1710 
Lipoprotein lipase, 779 
Lipopwtevncmia. 778 

beta-lipoprotem. absence of. 780 
Liposarcoma, 720 
smalt intestine, 1632 
Lrps in Rente Jewess syndrome. 1581 
Lisping, 379 

Listttin monoeyfocenes, 978 
Listeria infections. 978-980 
intrauterine, 979 
miliary granulomatosis 979 
oculoglandular. 9S0 
treatment. 9S0 
in ufero, 979 
Listcrosiv, 978 
Little's disease. 1735 

Liver, abscess, 152, 1634. 1698-1699. 1702. 
1703 

amebic, 1197, 1670. 1698 
and appendiatu. 169S, 1699 
and cnobngitis, 1699, 1703 
and gallstones, I7II .... 
and pylephlebitis, I70>, 1/12 


and tuberculosis, !6S4 
alcohol effects. ISZ. I6S5-i6S6. 1695 
in amvloid leiels, 153, 1670. 1696 
and biliary disease, 1670, 1701-1703 
bilirubin excretion, and glucuronjl Irans 
ferase activity, 151 
and normal demands. 1701 
and uptake, 147, 148. 149 
biopsy, 165-166, 1676. 1683, 16S4. 
1687, 1693, 1697, 1698, 1700. 
1701 

and bone manow disease. 1696 
cancer, 125, 164, 1670, 1695-1697 
hemochromatosis and, 7S6 
incidence, 1696 

melastasei, 1615. 1653, 1654, 1697, 
1698, 1699, 1717 
circulation, 156, 1694 
and metastatic ncopbsms, 1697 
cirrhosis (see Cirrhosis) 
congestion, 153, 1670, 1694 
and venous occlusion, 1703 
cytoplasm, Milloiy bodies, 16S6 
decompensation, 152 
in de Tom Fanconi syndrome, 1695 
in diabetes mellitus, 1695 
dietary effects, 1685-1636 
diseases [see Liter diseases) 
drug sensitivity, 1680-1682, 1704-1705 
|5ce also Hepatitis, drug induced) 
in Dubm-Johnson syndrome, 1700, 1701 
dullness in ulcer petioralion, 1604 
echinococcus cyst, 1670 
enUteement. 153 
m congestive heart failure. 1694 
(See also Hepatomegaly) 
estrogen inactivation and exaction, 156 
expansile pulsation, 153 
in extramedullary hematopoiesis, 1696 
failure, 152, 15< 156, 1686, 1682, 1693, 

1698 

in cinhosis, 1684 
and coma, 153 
in subacute hepatitis, 1675 
and hpid levels, 1693 
fat infiltration, j53, 637, 1670, 1680, 
1685. 1690, 1695 
and fibrosis, 1686 
after pancreatectomy, 1660 
in tuberculosis. 1684 

fattv degeneration in arsenic poisoning, 
hl2 

fibioiiv, 152, 1686. 1696 
friction rub o'er, 153 
function, 1676 

m Iiypcrbilirubmemia, 1699, 1700 
tests (see Liva function tests) 
in galactosemia, 1695 
in Gaucher's disease. 1670, 1696 
jn Gilbert's syndrome, 152 
elucuronyl transferase activity. 150-152, 

1699 

glycogen deposits, 153 

(See also vOn Ciakc's disease) 
granii'omas, I6S3-I6S4 
healing, and cirrhosis, 169) 
gummas, 1670, 1699 
rvcmat'BiQCndolltetiQmas, 1697 
hemangiomas, 1697 
fiemosrderin oepostfr, J695-J696 
hepatic icm occlusion. 1703 
in hypeithyxoidism, 1695 
induration, 1 53 

infjreSion, polyarteritis and, 1S9I 
m infectious mononucleosis, 16S2- 
1683 

ininrv. MS. 150. 152. 1701, 1702 
insuffincncy (see Hepatic iniufficicney) 
iron content, 1670 
jaundice (see laundice) 
iipids, 163, 1685 
lymph node enbreement. 1701 
ncCTOsis, 1672. 16S0, 1692 
scarring afte^ 1690 

(See also Cirihosu. poifnecrolic) 
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1 ncr, ncCTosis. subacute, 1672. 1675, 1676. 
1679. 1690. 1691 
neoplasms, 1696-1698 
nodules, 1686, 1690, 1694, 1697, 

1717 

and pam of indigestion, 125 
and palpable gallbladder, 153 
palpable masses, 153 
m pancieatic cancer, 1668 
patendiyma regenention, 1683, 1690 
pathologic ehan’es, 1682, 1695 
in peptic ulcer, 1594 
po!yc>-sfie lesions, 1699 
in sdiislosomiasis, 1694-1695 
secrchon. and biliary stasis, 1707 
m ss-philis, 1073 
tenderness, 153 
tumor, 153. 1670 

and urobilinogen reabsorption, 148 
vascular bruit, 153 
m vascular disease, l?(13-l?Q6 
m von Cierle's disease, 1695 
wafer content, 153 
in Wilson’s disease 769 
jeHosv atrophy, 1672 
acute, in chloral hydrate addicts, 
822 

m mushroom poisoning. 827 
healed, 1690 

Lncr diseases, 1670-1706 
and adrenal msufficiency, 157 
anemia tsi, 1287 
and anorc-sia, 152, 1686, 1698 
attetttl tpidets, IS6 
ascites. 154-155 
and a/oteinia. 1 53, 1 59 
cholcdoelioliiiitasis, 1713 
chronic. 152 

eongulation defects m, 225 
(lassiScation 1670 
diaenosis. 152, 1687, 1705 
dilTerenlial. 1601, 1668, 1698, 1713 
procedures, 159-166, lo82 
diindenal drainage, 165 
cIcctroHte levels, 155, 1636 
and cnccplulnpatliy, 158 
cMnhepatie faetots, 152 
lever in. 68 

gastrointestinal hetnarrhage in, 144, 

1600, 1601 

glutamic oxalaeetic truisaminaie levels, 
164-165 

iicpafobiliaty 1701-1703 
m hvpeitrophie osteoarthropaiby, 1920 
infectious, acute, 1 36 
inSItiations, 1695-1696 
with wundice, 1699-1701 
latent, 1 52 
LC cell teat. 1679 
manifestations, 152-153 
nausea and vomiting m, 136, 137 
and oliguria, 1 53 
palmar erythema, 156, 157 
persistence. 1676 
pigment tnclabohim. 787, 789 
pleural effusions. 1 55 
potul ptestvjce. 155-156 
masurcnienfs, 165 
prolonged convalescence, 1676, 1677 
purpura in, 223. 225 
rccuRcncc, 1676 
relapse, 1676. 1677 
and renal failure. 15S-1S9 
rtsiduals, 1676 
splenomegaly, 155, 156 
vascular. I703-1706 

(Sec also Curhosis, Hepatitis, ether spe- 
cihc diseases) 

Liver cxtiact, in pernicious anemia. 1286 
reactions assocnled with, 1273 
Liver Dubes, and biliary obstruction, 1717 
and chobngilH. 1717 
and iaundice. 1717 
Liver (unctlnn tests, 159-163. 1694 
albaline phosphatase, 163-164, 1675, 
1681, 1697, 1698 

Bromsulplialein, 161-162, 1683, 1694 


Liver ftincUon testL cephalin-cliolesterol. 
162-163, 1680. 1682. 1683 
in cholcdodxilitfaiasi^ 1713 
in cinhnstL pcntaecrotic and Laennec's, 
1691 

fecal urobQinogen. 161 
normal values, 1944 
posihepatrtis, 1676 
serum hihruhin, 146-153. 159, 160, 

1673. 1674, 1676, 1677 
serum elufamte ovalaceUc (ranuminase 
levels, 164*165 

thymol turbidifr, 163, 1676. 1680-1683 
onnclulirabin. 160, 1717 
uime urobilinogen. 14^ 160 
water load excretion. 154 
"Liver sot" m shew, 1231 
LivhIo ncemosa. poiyartcntis and, 1890 
Lizard bites, 123S-1<40 
Lor ioa. 1223 

Lobotomy. sn dtpicuneMytltosct. 413 
effects. 347 
pain and. 20 

Looslcin's disease (see Ostcogeoesis im* 
peifecta) 

LocIcrw, 988 

(See also Tetanus) 

Locomotor aUm (tee Tables docsalis) 

Locus, dcffnition, 436 
Loeffler’s disease. 1464 
Loeffict's syndfome, 1556 
alleigyand. 1556 
asthma and, 1556 
cttepsng cniplion and. 1216 
hypcncntilivily and. 1556 
pofvsrtetu nodosa and. 1556 
with visceral hrvt tnimpi, 1218 
Uiasts. 1223. 1224 
Long tiioracic nerve, diveaset. 1879 
Loop of llcnle, function. 168 
lotiping til, 1154 

Lower motor neurone (see Motor neorones) 
Lower nephron necrosia (see Acute tububr 
pcerosis) 

LTIt (see Lulcotropic hormone) 

Ludwig's angina, 1032 
Lues. 1068 

congenital, oral findings, 1 581 
(See also Syphilis) 

Loetie ehanete. <i«l sites, l58l 
Lumbago, 1922 
(See also Fibrosilis) 

Lumbar abscess, 1033 
Lumbar puncture, m epOep^'. 339 
hcxdacne and, 25 
■ndicaliont (or. 299 
Lomboueral spnin. back pain and, 46 
•Lumpy law.*’ 1052 
(See also ArtmomKosis) 

LuRg(s), abscess. lo99 
avpergillosis, 1065 

from aspiiation of foieign body, 1552 
and brain abscess, 1047 
bioncbial obstruction and, 1554 
bronrhiectasB and^ (549 
bronchogenic carcinoma and. 1554 
r3oses,1554 

clinical dcscnplion. 1554 

complications. 1555 

diagnosis, 1555 

embolism and, 1554 

etiology. 1554 

hemoptysis and, 1555 

)iyi>ertrraluc ostcoaitbropathy and, 

1920 

patbogconis, 1 554 
pneumonia and. 1554 
sputum and, 1554 
treatment, 1555 
, X ray and. 1555 

in acid-basc equilibrium regnlalioo. 465 
air pollubon and, 1 540 
alveolar microtilliiasu. 1533 
aspcrgiDoma, 1065 
cancer, 1 540 
metastaies, 1697. 1698 
imoLme and, 444, 1 560 


Lunf(s), cleansing, 1540, 1541 
collapse, acute missive, 1 552 
collapse therapy in tuberculosis, 1012 
collateral circiihition, 1534 
compliance of. 109 

congenital anomalies of circulation, 1534 
cysts, 1557 

diffusing capacity, definilion, 1526 
(See also Pulmonary tliffusion) 
clastic properties, 109 
fanner’s. 1532 
foreign bodies in, 1 553 
function, in bronclneclasis, 1550 
m Silicosis, 1546 
tests, normal values, 1945 
hemorrhage from (see Hemoptysis) 
infiltration, causes, 1531 
interstitial fibrosis, 1529 
alveolar'dpillary block and, 1526 
lymphangifie carcinomatosis, 1 562 
masnve fibrosis, coal woiVcts' pneumo 
coniosis and, 1547 
silicosis and, 1 546 
tuberculosis and, 3546 
neoplasms, 1 560-1 563 
hemoptysis and. 123 
metasutic, 1562 
overdistention in diving, 842 
and pancreatic cancer. 1668 
polycystic lesions, 1699 
recoil, 109 
teseclion, 1530 

vital capacity, normal values, 1945 
volinncs, measurement, 103 
residual, 1945 
(See also under Pulmonary) 

Lung dis&vses, 1503-1577 
air travel for patients, 84S 
aitenovenou! fistulj, 110. 1534 
chrome, classification, 1 510-1511 
clironie nonspecific puhnoruiiy disease, 
1514-1321 

circulatory disorders, 1514-1539 
cynic, 1557-1558.18SS 
generalized ebiltuclive, 1514 
and hypertrophic osfeorrthropathy, 1920 
from inbalatieti of noxious agents, 1540- 
1548 

potyothemia mill, 1308 
pyogeiue udeeuons wd, 1698 
restnetive, 1321-1524 
tenmnology. 1510 _ 

(See also Respiratory infections; Tu 
berculesis; entries under Pulmonsty) 
Lunuh, 87 ^ 

Lupoid hepztilJ!, 1670, 1677, 1679-16S0 
Lupus erythematosus, 1392-1896 
acute glomerulonephritis and. 1500 
acute nephritis and, 1479 
diagnosis. 1895 
discoid, 1893, 1934 
systemic and, 1893 

disseminated, circulating anticoagulants 
in. 226 
fever in, 67 
splenomegaly in, 233 
heart disease and. ^164 
hepatic disease and, 1679-1680 
immunologic abnormalities. 1893 
nephrotsc syndrome and. ISQQ 
pericarditis and, 1470 
renal disease and, 1 500 
treatment. 1893 
vascular disorders in, 1790 
Lupus vulgarB (see Tubetculosii) 
Luteinizing iiomione (LI I). 563, 665 
m menstruation, 671-672 
Lutcoma. 679 

Lutcotrnpic liormone (LTIl), 563 
in tnenstruaiiQii, 672 
Lutheran blood group. 438 
Lyeopcnemia, 787 
Lye poisoning, 818 
L) mph. Dow, anti ascites, 1 54 
edema related to, 1S2 

in regional enteritis. 1636 

endatUeliil psoUfcsation, 1627, 1623 



LjTiiph nodes, bilian obslniclion and. 1701 
broncholitliiasis and. 1 ^>1 
colon tumor invasion, 16n 
enlargement, 1071, l/OI 
causes, 210-211 
differential dugnosis. 210-212 
functions, 229 
Inct mefastases, 1697 
maaophages, 1611 
mesenteric, 1611 
in Whipple’s disease, 1611 
m>eloid metaplasia m. 210 
number in bod>, 229 
panacafie cancer and, 1668 
Lympliadenitis, acute, mediastinal, 210 
in biliary cirrhosis, 1692 
in drag induced hepatitis, 1681 
in infectious mononucleosis, 1681 
mesentene, 1611 

pain from, and acute appendicitis, 

1618 

nonbacterial regional, 1178 
(5ee also Cat-scratch disease) 
m sjThilis, 210 
tuberculous, 210, 1016-1017 
in viral hepatitis, 1671 
Lymphadenopatliv, in African ficl home 
fever, 1102 

in Amcnan mucocutaneoua leishmania- 
sis, 120-1 
m anthras, 97-t 
in brucellosis. 960 
in cat-scratch disease, 1179 
in cliickcnpox. 1167 
in cO'A'pox, 1166 
in derive, 1189 

in epidemic Leratoceniunctivilis, 1176 

m sunders, 969 

in herpes simple*. 1171 

in herpes zoster, 1 169 

in histoplasmosis. 1060 

in Lala aur, 1201 

in leprosy, 1022 

in leptospirosis, 1036 

lupus erytlicmstosus and. 1S91 

metastatic. 211 

in milker's nodules. ]17-( 

m Niemann Pick disease, 780 

m Off, 1174 

in rat bite fever (Spirillum minus), 1089 

in rheumatoid arthritis, 1910 

in rickettsialpox, 1101 

in roseola infantum, 1161 

in rubella, 1160 

vn 

m secondary syphilis. 1071 
in scrum sickness, 231, 1268 
in South Ameiiean blastomycosis, 1067 
in sporotrichosis, 1061 
in Stiil’s disease, 1914 
in Sfreptobacdlus monili/oniiis infection, 
976 

in trachoma, 1175 
m trypanosomiasis, 1206 
in tularemia, 964 
m vesicular stomatitis, 1174 
in Weber-Clinstun disease, 1900 
Lymphangioma of mediastinum, 157] 
Lymphangitic carcinomatosis, alveolar-capil- 
lary block and, 1526 
oMung, 1528. 1562 
Lymphangitis, acute, 1376 
streptococcal, 909 
Lympliatic muscles, diseases, 1 375 
Lymphatic obstruction, 1 376 
Lymphatic vessels, disorden, 1375-1376 
Lymphedema. 1376 
Lymphoblastoma, 1338 
giant follicular, 1338 
Lymphocytes m radiation iniury, 652 
L>mphocytiC choriomeningitis, 1 1 36-11 37 
serologic reactions, 1137 
Lymphocytic IcuVemu, chronic, 1329 
Lymphocytosis, acute infectious, 1250 
in pertussis, 956 
Lymphoepithelioma, 1512 
Lymphogranuloma, malignant, 1333 


Lymphogranuloma rnguiiute, 1177 
Lymphogranuloina venereum, 1177-1178 
encephalitis, 1177 
relationship to psittacosis, 1177 
serologic tcaclions, 1)78 
treatment. 1178 

Lymphoid tissue, viral diseases. 1177-1179 
Lymphomafs). 1333-1541, 1620, 1655, 
1676 

back pain and, 51 
aitaneous, 19)4 
dermatitis anti, 1928 
lammal glands and. 418 
of nasal pharynx, 1512 
in pneumocvslic pneumonu its adults, 
1210 

prognosis, 1341 
of skm, 1934 
symptoms, 1339-1540 
treatment, 1340-1341 
Lymphopatbia vcncream, 1177 

(See also Ljimpliogranuloma venereum) 
Lymphopenia in radiation intary, 852 
Lymphosarcoma(s), 720, 1338, 1632 
colon and rectum. 16>3 
and cryptococcosis. 1054 
gastric, 1620, 1621 
and liver lesions. 1696 
and malabsorption. 141 
of mediastinum, 1572 
■■Lymphosarcoma cell,” 1330 
Lymptiosarcoma cell kukemia. 1330 
Lysine and liver lipid content, 1635 
Lyso^nj and diplithciia tosin production. 

Lysozyme in colonic inflammatory caudates, 
1647 

Lyra, 1149 
(Sec also Rabies) 


M-siibstance, 901 
^^cAfdle's syndrome, 743 
Machado-Cuerreiro test, 1207 
McLean and Hastings nomogram, 605 
.Maerocephaiy, 1726 
Macrocylio anemia (see Anemia) 
Maeroencephaly, 1727 
.MaCToglobuhncmia, 1344-1346 
ptimaiy, 1345 
retina in,4i8 

Maaoglossia in amyloidosis, 764 
Macrophages, m bacterial endocarditis, 1041 
m Wlupple'v disose, 1681 
Maaopsia, 416 
Macule, 74 
m chtekennox. 1167 
Madribon, 8/0 
Madura fool, 1066 
Maduromycosis, 1066 
Magenta tongue, 537 
hfaggots, mfection with, 1244 
Magnesium, biochemistry, 497-498 
in body, 497 
chemical pathology, 498 
pliysiology, 497 

plasma, >n neuromuscular disorders, 249 
poisoning by, 825 
serum, normal values. 1943 
and tetany, 498, 60) 

Magncsium-prolcm complexes. 497-493 
Magnesium proteins, 497-498 
Majocchi’s panuloma, 1938 
Mai de caderas, 1205 
Mai del pinto, 1083 
(See also Yiwsl 

Malabsorption and fatty liver, 1695 
Malabsorption syndromes, 554-561 
and carcinoma, 1632 
diagnosis, 141 
[etuiul diverticula, 1624 
in lupus erythematosus, 1894 
and motor distuibaoces, 1625 
and pancreatic disease; 1661 
postgastrectomy, 1617 
subtotal, 1606 
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Malabsorption syndromes, in regional en- 
teritis, 1623, 1629 
in scleroderma, 1897 
in Whipple’s disease, 1631 
(See also Sprue) 

Afafjdic dc Roger, 1424 
Malaria, 1199-1202 
algid, 1201 

as ause of nephrotic syndrome, 1491 
cerebral, 1200, 1790 
eslivo autumnal, 1200 
fever in, 69 

and Loenncc’s cinhosis, 1685 
malignant tertian, 1200 
ovale tertian, 1199 
pernicious syndromes, 1200 
quartan, 1200 
treatment, 1201 
vascular disorders in, 1790 
Malathion, 827 

Malignant hypertension (see Hypertension, 
malignant) 

Malignant pustule, 973 
(See also Anthrax) 

Malingering, 405 
back pam and, 45, 53 
fever in, 68 

Matlein (skin test), 970 
AfalJeomyccs maHei, 969 
A/afleomyees pseudomalJei, 970 
Mallon Weiss syndrome. 1589 
Nfalnutnlion. and alcoholism, 1686, 1687 
and chrome diarrhea, 140 
m colitis, 1648 
ulcerative, 1651 
and esophageal cancer, 1584 
and fatty liver, 1695 
and gastntis, 1616 
and hepatic coma, 156 
and hepatic schistosomiais, 1695 
and hepatitis, 1682, 1686, 1687 
and Laenncc's cirrhosis, 1635, 1687 
and osteoporosis, 706 
and pancreatic disease 1666 
postgastrectomy, 1617 
and PS lone stenosis. 1623 
in regional enteritis, 1628 
in tuberculosis, 1684 
Malonyl CoA. 480 
Mandclic acid, 1038 
reactions associated with, 1273 
Mania,410-4n 
alcoholic, 799 
epileptic, 331 
anit-iepTessiv 

with illness, 3 

treatment, 412-413 
Mannitol as osmotic diuretic, 170 
Manometry, biliary tract, 1710 
splenic pulp, in hcmatemesis 145 
Mantoux test, 1006 
Maple syrup urine disease, 751 
Marchand’s multiple nodular hyperplasia. 
1690 

(See a/so Cirrhosis, postncaotic ) 
Marchiafava Bignami oiseasc, 602 
Marciiiafava Michcli syndrome, 1295 

Mard cl Bielia (see Leishmaniasis, ^visceral) 

hiarfan syndrome, 1732, 1884-Jfi8> 
aortic aneurysm and, 1368 
congenital heart disease and, 1415 
diplopia and, 416 
dissecting aneurysm and, 1365 
inheritance, 1885 
Manc-Bamberger syndrome, 1920 
Maric-SUumpel] disease, 1915 
back pain and, 50 
(See a/so Rheumatoid spondylitis) 
Marihuana poisoning, 825 
Marine animals, venoms, 1245-1246 
Marituba virus, 1194 

Marmite in tropical macrocytic anemia, 
1286 

Marsihd, 1705 

Massive fibrosis (see Lung, massive fibrosis) 
Mast cells. 79 _ 

Mastitis, 681-6S2 
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Mesobilioibin formahon, H3 
M«obilirubinogcn, 20^ 
formation, MS 
Metabolic acidojis. 469-^71 
Metabolic adaptation, •185-486 
Metabolic disease], air travel for patients, 
S49 

anorcTia in. 136 
of bone, 690-721 
back pain and. 51 
of brain. 1847-1853 
eonscioumess in, 314 
faer in, 63 
lassitude in. 386 
nijopathy, 727-728 
neiirastlicnu m. 387 
oral dugnosis, 1581, 1532 
nitli ovanin insufEcicnev, 675, 676 
pigment metabolism, 7S7-791 
Metabolic function tests, normal values. 
1945 

Metabolism, basal {see Basal metabolic 
rate) 

body weight related to, 190 
of bone (sec Bone) 
in diabetes meltitus, 639, 640 
cnoTS of, 744-791 
inborn, definition, 435 
in hyperthyroidism, 591 
in hypothj-toidism, 583 
intermediary, 475-437 
in disease, 486 
patliiv-ays, 475 
resulalion. 4S3-4S5 
metals and, 437-499 
of thyroid hormones, 583-584 
Metaehromatie leukoenccphalopathy, 1837. 
1862 

Metahexamide and hepatitis. 1704 
Metal'eneyme comnlejcs, 489 
Metalloenzymea, 457-4S9 
Metalloproteins, 488-489 
Metals, and metabolism, 437-499 
mtdical implication!, 489-491 
as poisons, 81 1-SI 5 
Metamorphopsia, 416 
Nfeteonsm, 125 
in cholcaoehohtliiasis, 1713 
(See also Flatulence) 

Methanol poisonme, 825 
Methemalbiifflin, 204 
and bilinibin formation, 147 
Methemalbuminuna, 204 
Mctliemoglobin, acquired, 1311 
normal values. 1943 
hfctlicmoglobmcmia, 1310-1312 
in acctanilid poisoning. 818 
in acetophenctidin poisoning, 818 
in aniline poisoning, 819 
from bismuth subnitrate, 81 3 
hercditan varieties, 1311 
treatment, 1312 
McthemoelobinnriJ, 204 
l^tcthlma2ole, 592, 593 
and hcpatitu, 1704 
Methionine, in cystmuna, 747 
and hepatic coma, 158 
in Lacnncc's cirrhosi!, 1685, 1688 
Mcthjlcne blue test lor enterococci, 923 
Melhyltesfosterone, and hepatitis, 1676, 
1704 

for Itching in biliary cirrhosis. 1693 
reactions associated svith, 1273 
in regurgitation paundicc, 1714 
Mctrarol poisoning, 826 
Mice and lymphocsiic choriomeningitis, 
1136 

“hficVcy finn,’’ 822 

Afieroeoccus pyogenes (staphylococcus), 894 
Micioctphaly, 171S 
Microdrepanocytic disease, 1302 
Mictographia in Parkinson’s disease, 244 
Micioo^nisms, pathogenic, defined, 862 
Micropsia, 416 
Microspotum audouim, 1939 
Middle lobe syndrome. 1549 
Midlmc granuloma. 1253-1254 


hfigraine. aura and, 28 
diagrsosis. 29 

emotional drstnrbaoccs in, 28 
ergot and, 29 
manifestations, 28 
mechanism, 28 

and nausea and vomiting, 28. 136, 137 
ophthalmoplegic, 29 
pathogencsu, 28 
pregnancy and, 29 
treatment. 29 
Migraine couivaknts. 29 
Mikulicz's disease, 1917 
Miliaria, pruritus in. 84 
seasonal inadence, 73 
Milibis in amebiasis, 1198 
Milk, m imtable colon syndrome, 1644 
m ulcer treatment. 1597-1598, 1603, 
1607. 1608, 1610 
"Milk-aBcali* syndrome. 1593 
Milk of calcium bile, 1707 
Milk-eiecting elicct of postenot pituitary 
extracts, 573 
Milk sickness. 826 
Ntilker’s nodules, 1174 
Milkman's svndrome, 703 
MilbrdCublei syndrome, 246 
Milzbtand, 973 
(See also Anthml 
^^Ima polymorpha, 972-973 
Mincralocoftieoids, 610-61 1 
himerals m bone. 692-693 
homeostasis. 695-696 
metabotism. 699-700 
.Nfiner's enmps, 834 
■'Mmof illness," 1141 
Miosis, causes, 417 
Nlipifox, 827 

Miqulicz's disease, Siogren’s syndrome and, 
1917 

Milnl atresia, 1432 
Mitral insufEcicncy, 1438 
combined niili mitral stenosis, 1439 
diastolic rambles and. 1440 
enlarged left atrium and, 1440 
hfitrat stenosis, 1436 
antieoaralants and. 1433 
aittal fimillaiion and, 1437 
bacterial endocarditis and, 1437 
bronchitis and. 1437 

combined with mitral insufEcicncy, 1439 
delay of fmt licart sound in, 1440 
diagnosis of. 143$ 

distinction from atnal mytoma, I43S 
distinction from piimatr pulmonary 
hypertension. 1438 
and dysphama, 133 
enlarged left atrium and, 1440 
evaluation of degree of insufficiency, 1440 
heart failure m. 100 
hemoptysis and, 123 
hemosiderosis and, 1437, 1537 
methods of adjustment to, 1437 
natural Iiisfory, 1437 
notching of P waie, 1438 
pathopbysiotogT, 1437 
physical signs, 1436 
pulmonary hypertension and, 1457 
surgical iratment, 1440 
pregnancy in, 1441 
systolic murmitrs and. 1439 
tliromboembolism and, 1437 
tTcatment, 1433 

Mitral valve disease surgical treatment, 

1440 

MN'virus, 1195 
Moebius’ syndrome, 1740 
Molecular abnormalities as cause of anemia. 
206 

Moles of skin, 1932 

"Molluscoid pscudotumon” m Eh!en-Dan> 
Ids sysidcoDie, 1886 
Mohuseum contagiosnin, 1174-1175 
Monamine oudase inhibitois, angina pec- 
toris and, 1450 
Monday disease, 1548 
Monge’s disease, 846, 1508 


Mongolism, 1742 
chromosomes in, 429 
dental signs, 1582 
Moniliasis, 1062 
stomach, 1622 
(See also Candidiasis) 

Monkshood, 818 
Monocytic leukemia, acute, 1330 
chronic, 1330 
Monoiodotyiosine, 584 
Mononeuropaflncs, 1879-1883 
Mononucleosis (see Infectious mononucle- 
osis) 

Monoplegia, 234, 245 
in head iniunes, 1799 
Afonospormm apiospermum, 1066 
Montana chrome progressive pneumonia, 
1561 

Montenegro skin test, 1204 
Montpellier sign, 1204 
Mood disosdeis, 344 
in depression, 406 
Morarei/a laciinalt, 955 
xMorbilli, 1157 
(See also Measles) 

Morphine, addiction, and constipation, 

1644 

alveolar hypoventilation and, 1522 
for biliary tract pam, 1714 
danger of respiratory depression, 1 576 
reactions assocuted with, 1273 
spasmogenic effect on duodenum, 1716 
and spliinctei of Oddi, 1714, 1716 
Morquio’s disease, 1742 
Morquio’s sypdrome, 1732 
Mosquitoes, in dengue, 1188 
in malaria, 1199 
in tutacemia, 963 
in yellow fever. 1184 
Mother plaque, 76 
■’Mother yaw," 1083 
Motion sickness, air travel, 849 
Motor activity, and abdominal pain, 1579. 
1625,1715,1716 
and acute dilatation, 1622 
biliary tract, dyskinesia, 1716 
manometiy, 1710 
and cardiospasm, 1587-1588 
colon, 1639 

and defecation pattern, 1644 
and diet, 1708 
normal mixed, 1703 

disturbances, and pain, 1579, 1625, 1715, 
1716 

duodenal, 1625 

and dyspepsia, 1620 

and emotions, 1620 

esophageal, 1 588-1 589 

muscles m, 240-241 

and pancreatic disease, 1660 

vascular, in iniUble colon syndrome. 

1643 

Motor funebon, testing, 1721 
Motor neurones, lower, 239 
paralysis, 240-241 
in rcBexcs, 239 
upper, 239 
paralysis, 241-243 
Motor paralysis, 239-243 
characteristics, 243 
definition, 240 
diScrential diagnosis, 245 
of lower motor neurones, 240-241 
motor scheme, 244 
of upper motor neurones. 241-243 
Motor system disorders, 239-259 17S4_ 
1740 ’ 

apraxic or nooparalytic, 243-244 
biochemical basis. 249-250 
clinical study, 250-251 
degenerative, 1869-1870 
examination scheme, 244-245 
involuntary movements, 251-259 
motor paralysis, 239-243 
postural abnormalities, 251-259 
(See also Paralysis) 

Mountain climbing, 846 / 
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precordial inoicmcnUsnd, H06 
preinfarctiona] angina and, 14$0 
prognosis, J455 

tesemblmg dissecting aneurysm. M54 
resembling pulmonary cmboliioi, 1454 
tetuto to work after, H57 
rupture of heart and, H5?. 1456 
shock and, 1452, 1455, 1456 
shoulder-hand syndrome and, 1454, 1456 
syncope and, 1452 
svstolic murmunand, 1455 
thromboemboUsm and, 1455, 1455, 1456 
transaminase and, 1452 
treatment, 1455 
longterm, 1437 
ventricular aneutj-sm and. 1454 
{See also Heart oiscasc, ischemic) 
Myocardial insuSicicncy, in bacterial endo- 
carditis. 1041 
in Chagas disease. 1207 
in diphtheria. 955 
in kaia-azar, 1205 

{See also Heart faHure, congestive) 
Myocatdul ischemia (see htyocardul hy- 
poxia) 

Myoeardiopathy m Friedrich’s atasia, 1863 
M^carditis, 1462 
m bacterial endocarditis, 1040 
in Chagas disease, 1207 
IQ chickenpox, 1167 
Cossaekie virus. 1152 
diphlhetilic, 935 
lupus exythematosiu and, 1894 
in measles, 1153 
meningococcal, 726 
in mumps. 1181 
neonatal, 1152 
nonspecific, 1455 
m poliomyeUtis, 1144 
in polyartentu nodou, 1891 
m psittacosis, 1127 
rheumatic.914-915 
in rheumatoid arthritis. 1910 
m Rhodesian trypanosomusis, 1207 
m scrub typhus, 1107 
in smallpos, 1164 
toxoplasmosis, 1209 
m tnchinosis. 1222 
Myoatdium, diseases, 1464 
Myoclonic epilepsy, 551 
(See afso Familul myoclonic epilepsy) 
Myoclonus. 246, 257 
m encepnahtis lethargica, 1154 
in familial myoclonic epilepsy. 1S65 
in Jakob-Creutzfeldt's oisease, 1865 
fliasshe, in children, 1745 
palatal, 246, 255 
Myoedema, 725 

MyoBbrositis, headadie and, 25 
Myogelosis, 745 

Myoglobin, acute tubular necrosis and, 
1495 

Niyoelobinuria, 774 

hfyoKon in pyloric stenosis diagnosis, 1625 
Myokymia, 245, 256 
Myoneerosb, clostridial, 996 
(See also Gas gangrene) 

Mj-opathy, 721-744 
benign congemUl, 1759 
chronic familial, 729-755 
cortisone, 728 
metabolic, 727-728 
lliyrotoxic, 595 

Myopia in Marfan syndrome. 1834 
Myosarcoma, gastric, 1621 
Myositis, abdominal pain and. 42 
anaerobic streptococcal, 925 
in Chagas disease, 1207 
clostndul, 996 

lupus erythematosus and, 1895 
polyarlentis and, 1890 
in scleroderma, 1893 
in Siogien's syndrome, 1917 
Myositis ossificans, confusion with neo- 
plasms, 447 


Myositis ossificans generalized, 745 
traumatic. 745 

Myotomy, in cardiospasm, 1588 
in esophageal motor function disordcn, 
1589 

Myotonb, 723 

Myotonia congenit^ 735, 741 
chemical basis, 250 
Myotonic dystrophy, 734 
chemical basis, 250 
Myx^ems, 5BS-589 
anemia in. 207, 586. 568 
and carolcncRiia. 787 
clinical ptctvnc, 585-5S7 
diffeienlial diagnosis, 587-588 
heart disease aad, 1462 
localized ptttibbi, 594 
postimdution. 585 
postoperative, 5S5 
postthyroidectomf. 585 
treatment, 588—539 
Mytedema coma, 586, 589 
Myxedema madness, 586 
Myxoma, of atnum. 1465 
resembling mitral stenosis, 1438 
Myxoviruses, 1123 


N’agana. 1205 
Nias. 66-87 
in arsenic pobonSng. 812 
biopsy, 81 
disorders, 86-^7 
bboratOD' mminalion, 79, 81 
in pemphieus foluceus, 1929 
splitting, 87 

Naphthalene poisoning, 826 
Naphthalenes, chlorinated, and hepatic le- 
sions, 1690, 1704 
Nareolepsy, 326 
Nasal septum, perforation, 1 51 1 
Nasal smuses, headache and, 24 
Nasopharynx, anetofibroma. 1512 
arcinoma. 1512 
diseases, 1511-1512 
lymphoma, 1512 
plasma cyioma, 1512 
pressure cfiects, 842 
reticulum sareoma, 1512 
rhabdomyosarcoma, 1512 
in rbiROsporidiosis. 1067 
sarcoma botryoides. 1512 
10 South American blastomycosis, 1067 
tumor mistaken for lymphoma, 232 
Nausea, m abdominal emergencies, 136 
in Addison's disease, 1 36, 1 37 
and anorexia. 135, 1680 
>R appendicitis, 1636 
in biliary colic. 1604, 1710 
in biliaiy disorders, 1707, 1716 
tn cancer, 137. 1615, 1667 
in chobnptis, 1703 
in cholecystitis, 1711 
■n cboledocbohthiasis, 1713 
digitalis and, 1 387 
after drags, 136, 1 37 
in Dubin Johnson syndrome. 1700 
and duodenal abnormalities, 1625 
and duodenniD, spasm, 1626, 1716 
oker. 1594 
epidemic, 1 37 
and gallbbdder colic, 1 597 
and gastric motor distatfaance, 1620 
m eastntis, 1618 
in beart failure; 136 
in hepatitis. 1675 
toxic, 1680 

and snuig^ion, 124, 1579 
chronic 136, 137 

postprandial, 126 
and mfectioos disease, 136. 137 
and intestinal obstroction, 127. 1633 
in liver disases, 152, 15^ 1579 
in metabolic diwiders, 136, 137 
in nervous system disorders, 136, 137 
neurogenic, 171 6 


Nausea, after opiate. 1716 
and panaeatic disease. 1660, 1652, 1667 
parenteral feeding, 1678 
in postgastrectomy syndiomc, 126 
subtotal, 1606 
in pregnancy, 136, 137 
prolapse of gastnc mucosa, 1622 
m pylephlebitis, 1705 
and pyogenic abscess, 169S 
renal failure and, 1476 
of uremia, 136, 137, ISO 
and vomiting, 134-137 
(See also Vomiting) 

Necator americanus, 1214 
pulmonary infiltration and, 1556 
Negn bodies, 1149 
Negro's sign, 243 
Neissena catartbahs, 924 
Neisseria flava, 924 
Neisseria gonorrhoeae, 927 
Neisseria intraceWuiaris, 924 
Neisseria meningitidis, 924 
Neisseria sicca, 924 
Nematodes, endophthalmitis and. 419 
intestinal, 121^1220 
Neoatsphenaimne and biliary cinhosis, 

1691 

Neocinchophcn and biliary cirrhosis, 1691 
Neom'cm, 876 
in cinhosis, 1690 

contiamdication after subtotal gastrec- 
tomy, 1606 
in hepatic coma, 1690 
in hepatitis, 1678 
reactions nith. 1273 

Neonatal diarrhea and pseudomonas bacilli, 
935 

Neonatal infectjons, listeria, 979 
salmonella, 948 
Neonatal laundice, 151-152 
NeopUssns, 443-448 
back pain and, 51 
benign, 443 
of bone. 720-721 
bond habit changes in, 143 
oi brain (see Brain tumors) 
chromosome changes in, 429-430 
congenital, 443 
and constipation, 1634 
definition, 443 
diagnosis, 446-447 
anti esophageal perforation, 1589 
fever with, 63, 67-68 
genetic factors in causation, 443-444 
of heart. 1465 
incidence, 444 
of liver, 1696-1693 
local iniechon, 948 
of lung. 1 560-1 563 
malignant, 443 
epidemiology, 444 
grading, 446 
properties. 445 
staging, 446 
systemic effects, 446 
tninsformation, 445 
melanocytes m, 78 
of ovary, 678-680 
of paritfiyroid, 604, 609 
prognosis, 445 
of testis, 669-670 
therapy, 447-448 
of thyroid, 595-597 
viral etiology, 444 

(Seeako Cancer, Carcinoma; Tumors) 
Neosfam m kala-azar, 1203 
Neostibosan in kalaazar, 1203 
Neostigmine test for myasthenia giavii, 239, 
250 

Neo-synephn'ne in paroxysmal atrial Uchy- 
carfia, 1395 
Nephritis, acute, 1479 
anaphalactoid purpura and. 1432 
drug hypersensitivity m, 1479 
beart and. 1462 

hemorrhagic (see Glomerulonephritis, 
acute) 
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Ncplifitu, chroni^ in diagnosu oi dabcta 
rnsipidia. 579 
and tn>Ttidnna, 5SS 
expenmenta!. acute glomcrulonep’inta 
and. HT*) 

intentitial, in ssThSis, 107J 
froni radalian. lS06 
N'eplifocalcinosis. 177 
and pyelonephritis. lOld 
*»cplirolithuisi5, 177, 15DJ-150S 
appendicitis dilFerentalign, 167S 
causes of, 177, 1505 
citrate excretion and. 177 
cjstcinuria and, 1 50> 

Biucuronidc excretion ind, 177 
dycimiria and, 1 505 
liypcrcaleuria and. 177 
liypcrparalliy-roidistn and, 178 
infection and. 17S 
nianificnient. 178 
mcdianism, 176 
obrtnirtion and, 177 
oxalurta and, 177 
in Paget’* disease, 719 
pU of utmc and. IT? 
pliosphaluria and. 178 
in poliomyelitis, 1H5 
primary hn’CToxaluria and. 1505 
and proteus bacilli, 911 
picloneptiritis and, 177, 1056 
la’icylates and. 177 
nrie acid stones and, 1 >05 
'•epliroo unit. 167 

S'epliwpatliy, diabetic (see piabclic 
nepKmpathyf 
hs-perealeemia, 1505 
iicLIc cell. 1506 
N'ephrosderosis, MS6 
clinical ieatures, 1157 
definilinn. M56 

malignant hypertension and. 14S6 
pa;>illBdeina and, 1457 
palholoffv, H56 
primafy, 1457 
secondary, 1457 
Vephiosis, HS7-149] 

ACIIiand, 1491 
adrenal steroids and, H9I 
aldostetone secretion and, 1459 
haul cnctabolic ate in 1455 
Mood pmsurc in. 1458 
tlinial (eatores. 1455 
diuretia and. 1491 
edema and. 1455 
electron miaoscopy m, HSS 
ctiolosv of, 1457 
Iiypcrcliolcaterolemu and, 1459 
h'petlipemu and, 1488, 1459 
liyTOploteinen ' *■"" 
iiileclions and 
lipoid, 1458 
measles and. 1159 

mcmbranoiis glomerulonephritis and, 
HSS 

mnedcnia and, 588 
natural history, 14S9 
n-irojcn mustard and, 1491 
pathologic physiology, 1459 
patUotorr. 1458 
pbsma expandm and, 1491 
pneumococal infection and, 8S3 
prognos-s, 1459 
protein bound iodine in. 1483 
protem intake and, 1490 
lodinm retention and. HS9 
trealrocnt, 1490 
compliatioiis. 1491 
fnjlyccrides and. 1459 
ennary findings m, HSS 
_ (See alw Nephrotic js-ndromel 
Nephrotic svndiome, and amyloidosis, I£i96 
caosed by malaru, 1491 
caincd by syphilis, 1491 
chronic clomcTuIonephritis and, 1455 
etlema. 185 

m familial MeJitenanean fescr, 1252 
lopuj entheniatosusaod, 1500 


Ncphtolic syndrome, pratembotsod iodine . 
ievd in, 5S4 
renal amylmdosis and, 1 502 
renal vein thrombosis and. ! 5<X1 
in secQiulsty vyphtUs, 1071 

Kephrotoxialy, aenKpann, 876 
Ampboterion, S78 
Amphotencm B, 1056 
baoliacin, 8”6 
funsirone, 87S 
Kantrex, &77 
neomynn, 876 
poKynyxin, 876 
sulfonamide. 869 
Vancomycin iVaiscoan1,8?7 

NVrvefs), traumatic Icsioiis, 1331 
lumon, ISS2 

Kerse Cb^ riectneal potcntul. 243 
excitalion, 243-249 

Nerve gaiet, 248 

Nervons system, and acute esophagitis, 

1585 

in aneiDU. 209 

and conftqsatxm. 1644 

and dclecatKisi pattcras, 1644 

dfogrwflioiM (tablel, 1 272-127 J 

and gastric secretion. 1591. 1592 

uremia and. ISO 

Nervous system disorders. 1718-1725 
aafonomic nervous syilrm. 265-276 
m bcnbcn. 546 

cetebrovasenVir diseases, 1746-1795 
clmicsl method in. 1718 
dcfimiion, 144 
degenesative, 1855-1872 
detiDclaUn^ diseases, 1329-I81S 
depression in. 409 

developmental abnonnalities. 1725-1746 
diabetic, and dunhea. 141 
diflcrental diagnosis, cerebrovascular dis- 
ease, 1791-1791 
end dysphagia. 155 
hemonhage, 221 
in hepatic coma. 157 
hulorv taLug. 1719-1720 
involution. 442 

motor (see Motor sntem disorders) 
nausea and vomiting oi, 1 16 
neurologie euminalion. 1720-1724 
nnmtMn^ 185^154? 
arid obstipation. 142 
patient in. 1718-1724 
of penpheni oencs. 1875-1881 
posttraumatic nenoot instability, )799- 
IS04 

producing piilmonao restriction, I >22 
respiialory infections and. 1 >25 
sensory (see Sensory disorders) 
sn seru-n sickness, 1269 
therapy, 226 
lira! diseases, 1155-1)56 
(See abo Bnm diseases, speoSe nerves 
and conditions) 

Nervous syston syndromes, acute anxiety, 

amncstjoconfabalatory, 160 
anhidrt^c ectodennid dysplasia. 275. 

Asiton, 549 
aortic arch. 1756 
Arert, J727 
aphasia, 547 
aoRculo-lempoiaf, 272 
Bcm^ Homer, 287 
Bogorod, 295 

bravn tunmis mndoesng. 1817-1825 
bunima foot. 274, 1945 


Crcig, 5728 
llecrfoidt, 295 
hepatocerebral, 1852 
Holmes, 549 
Homer, 271 
hjTKitlialamic, 274 
hysteria. 267 
/ulicn Mane, 505 
Klnnelxiin, 275 
KIippcl Fell. 1729 
Wumphe, 1740 
KomzHgig Haisen. 1851 
KorsaloS. 2T5. 1S4I 
tawcncc Moon Bitdl, 274, 572, 667, 


of ( 


u» nerves, diffetentsal diagnosis. 


295-297 
CToeodiJe tears. 272 
Crouion, 1723 
Randy Walkw. 1726 
D4iennedU>ii0v. 267 
dienceplialir epilepsy, 275 
evtnpvnnudd. 251 
Fioeiibch. 274. 571-572. < 


675 

Lev) Rouoy, 1S69 
Marfan. 1732, 1884-1885 
MelLersson, 295 
M4nierc. 279 
meningeal imution, 502 
Moebtui, 1740 
Morquio. 1712 
optic chiasm, IS24 
orthostatic hyyiotension, 505 
parietal lobe, 267 
peduncular hallucinosis, 275 
pscudolumor. 1820 
pubertos praceoi, 274 
pnnch-dninL, 1S01 
pyramidal. 219 
lumsay Hunt. 295 
sensory, 260 
Straclian’s, 1845 
tiToke, 1747 
TaUaw, 1776 
M alfenbag. 27) 

Neuleld quelliiog rcaetion, 8S7 
Ncunizta, gVessopIiaryngcaJ, 295 
p«t hcTiirtie, 1169 
tnfactsl, 291 
Neurasihmia, 555-590 
in chronic infection, 586 
difermtial dugnosis, 587 
in mttabohe disorden. 557 
ps)cholopc theories. 5S6 
N'nuiiis, in Dell s palsy, 1832 
bnehui, 1852 
Bchemic, 1 369 
in lepiosy. 1876 

penptimf. in arsenic poisoains, 812 
diphfhentif. 995 
Isonivid. 880 
lO lead poisomns. 814 
leprous, 1021-1022 
ta lupus eryllicmatosui, 1S94 
10 poIyartCTilis nodosa, 1891 
01 Roay Mountain spotted (eixr, 
1097 

■n rubelia, 1160 
10 tcmpoial artentis, 1899 
ID typhoid. 941 

setrobiiibar (see Retrobulbar nenntis] 
sciatic, 1S76 
scrum, 1876 
Neuroblastoma, 654 
•Ncurocirculsfory asthenia. 592 
.Ncurodcrmatitis. circumscribed, 1927 
disseminated iscePeTTnalitB_,afopie) 
Ncumfibromatosis, 632, 789, 1752 
differentiated from polyostotic fibrous 
dysplasia. 71? 

Camilul incidence. 72 

(See also \'on Rcekliughauien’s do- 

Nentofibrosarciima. gastne, 1621 
Neurohypophyseal liofmones (see Antidi- 
urctic liormone. Oiytocin) 
Nmioiiypophyvis {see Pilnititv, postcsiotl 
Neurology, clinial method, 1713 
uitioduction. 255-239 
pediatric, J725-1746 
(Sec also under Ncrxotis svifem) 
Ncufomuscnbr transmission, 216-217 
Ncuroinyetilis optica, 1616 
Neinosics. aiitonomie system, 268-269 
(See alio .Motor neurones) 



Neuropathy, 1879-1882 
diabetic, 657 
idiopathic, 1882 

peripheral, in arsenic poisoning, 812 
diphtheritic, 985 
Isonuzid, 880 
in lead poisoning, 813 
leprous, 1021-1022 
in lupus erythematosus, 189-1 
in polyarteritis nodosa, 1891 
in Rocky Mountain spotted lever, 

1097 

in rubella, 1160 
in temporal arteritis, 1899 
in typhoid, 941 
{See also Polyneuropathy) 

Neurosarcoma, gastric, 1620 
Neuroses, obsessive-compulsive, 395-596 
phobic, 596 

posltraiimatic nervous instability, 180+- 
1805 

(See also Psychoncuroses) 

Neurosypliihs, 1073 
(See also Syphilis, central nervous sys- 
tem) 

Neurovascular dystrophy, familial, 1871 
Neutral protamine llagedorn (NPH) in- 
sulin, 64^-15 
Neutrapen, 873 
Neutrons, radiation injurv, 850 
Neutropenia, periodic, 1323 
primary splenic, 1523 
Nevus, compound, 1932 
lunctional, 1932 
pigmentea, 1932-1933 
Nevus fiammeus, 1932 
Ncftbotn, hemolytic disease ol, 1259 
hemorrhagic disease of, 225 
Newcastle disease, 1176 
Nicotine, response to, iu diabetes insip- 
idus, 580 

Nicotine poisoning, 827 
Nicotime acid, 753 
atherosclerosis and, 1564 
hepatitis and, 1704 
oral ulcer and, 1581 
Nicotinic aad deSciency, 542-545 
Niemann Pick disease. 7^8. 780-781. 1537 
cerebral disorder in. 1860 
hepatic lesions, 1670, 1696 
Night blindness (see Nyctalopu) 
Nightmares, 325 
Nightshade poisoning, 829 
Niketliamidc poisoning. 822 
Nikolsky's sign in pemphigus, 1929 
Ndevac. 1704 

Nirvanol, reactions associated with, 1273 
Nitrates as cause of methemaglobinemia, 
1311 

Nilntcs, coronary dilatation and, 34 
mechanism of action, 34 
Nitrofurantoin (Frnadantin), 579 
in pyelonephritis, 1038 
reactions associated with, 1273 
Nitrogen, fecal excretion, HI 
narcotic action under pscssure, 842> 843 
nonprotem, serum, normal values, 1943 
uptake at increased pressure, 843 
Nitrogen mustard, toxicity, 1704 
Nitrogen mustard therapy, ia nadekm’* dis- 
ease. 1340-1341 
in leukemia, 1333 
m nephrosis, 1491 
Nitroglycerin, effects, 35 
response or chest pain to, 37 
Nitroglycerin ointment, preinfarctional an- 
gina and, 1450 

Nifropnisside test for cyslinun'a, 748 
Nitrous oxide fumes, pneumonitis and, 

1542 

pulmonary edema and, 1 542 
Nocardia asteroides, 1063 
Nocardia biasiliensis, 1066 
Nocardia madurae, 1066 
Nocardiosis, 1063-1064 
and maduromycosis, 1063 
treatment. 1064 


Nocturia, 176 
Noeturnal epilepsy, 325 
Noctumal paralysis. 324 
Nodal rhythm, digits and, 1336 
Nodular vasculitis, 1925 
Nodules, 74 

cutaneous, in fibiositis, 1922 
m polyartenhs tiodosa. 1890 
in pseudoxanthoma ebsUcum, 1887 
in Theumatic (ever, 915 
in Thnmatoid arthritis, 1909, 1910 
in rheumaloid spondvhtis, 1915 
in Weber-Christian disease, 1900 
subentaneons, causes. 1905 
in x-ny ot lungs, 1509 
Noma, in Lala-azar, 1203 
in measles. 1158 
Nondistunction. 429 
Nonpenetiant Init, 431 
Norepincphiine, 631 
hypertension aod, 1 348 
in mebnosts, 783 
tn pheochromocytoma. 632-633 
Norethandrolone and hepatitis, 1704 
Nonnocytic anemu in cirrhosis, 1687 
Nose, bleeding from (see Epistaxis) 
carcinoma, 1512 
diseases, 1511-1512 

Nosocomul infection, pseudomonas, 934 
Novobiocin, 876 
and hepatitis, 1704 
toxicity, 876 
Ntayaviius, 1194 

Nucleus puICKHUS, back ram and, 49 
Nummular dermatitis, 1927 
Nummubc eciema. 1927 
Nupercaine poisoning, 825 
Nutrition, and cinhosis, 1695 
treatment, 1693 
and enteritis, 1631 
'tn gastsic surges) 
low and high sul .... 
and gastnc ulcer, 1612 
influence on infections, 862 
and tetvinal divnlicob. 1624 
and liver malignancy, 1696 
and psychogenic vomiting, 1 37 
and tumors of small intestine. 1632 
(See also Dwt\ 

Nutritional ambl^pia, 1843-1844 
Nutritional deScienoes, $35-561 
facton produang, 535 
general considerations, 535 
nervous system disorders, 1538-1847 
(See also Malnutrition: spcciSc dc6cien- 
cies) 

Nutritional polyneuropathy. 1841 
Nulritnre, delinitioii, 53$ 

NVD (see Newcastle disease) 

Nyctalopia, 286 

in vitamin A deSacncy, 548, $49 
NystagmiB. 290-290 
m albinism, 7$0 
convergence, 291 
drugs and, 417 

m jta^uwse B encephatith, 1156 
bbyrmthme, 291 

in Klunay Valley encephalitis, 1156 
opticokineUc. 290 
pendnbr, 290 

in Rusrtan tick home encephalitis, 1156 
ID western equine encephalitis. 1|S$ 
Nystatin (Mycostalm), 878 
in candidiasis, 1062 


Obesity, 191-197 

appetite-eontrhlling mechanisms, 192 
body composition chaii^ in, 188 
caloric inbk^ 194 
cfiotestciol rtonefoimalion, 1710 
clinical pictaie, 192 
in Cushing's syndrome, 61 B 
diabetes raclhtns and, 637 
diagnosis, 192 
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Obesity, diaphragmatic hernia ^nd, 1585 
etiology, 191 
fatty liver and, 1695 
hypectetision and, 1357 
pathology, 192 

PiCKwickun syndrome and, 13^5 
pulmonary cardiac failure ano» 1 524 
treatment, 192-196 

Obsessive-compulsive psvehoncd™sis, 395 
Obstipation, diagnosis, H2 
in mtestinal obstruction, 163’> 1634 
Simulation. 1703 

Obstructive lung disease, irreverJil’lc. 1 514 
reversible, 1514 

Obstructive pulmonary emphyse^ms, 1517 
Obstructiieuropafhies. 171 
Obturator nerve, diseases, 1880 
Occipital lobei, functions, 349 
Occupations, and pulmonary dis^ssc, 1542 
and skin disease, 73 
Ochronosis, 746, 790-791 
treatment, 791 

Ocular motility, disturbances, 2^6-290 
Oculogyric crises, drugs and, 41? 

after encephalitis lethargica. 1/54 
Oculomotor nerve disorders, 28^291 
Ohara's disease, 963 
(See also Tularemia) 

Olfaction disturbances, anosmia, 284 
hallucinations, 284 
parosmia, 284 
Oligospermia, 687 

Oliguria, acute glomerulonephritis and, 

acute tubular neaosis and, 1494 
anlidiurctic hormone and, 176 
m epidemic hemorrhagic fevefi *187 
in hepatoecllubr disease, 158, '59 
toxic hepatitis, 1680 
obstructive uropathyand, 176 
protein leslnclion and, 1477 
renal failure and. 176 
Olivopontocerebellar degeneratioXi 1867 
OMPA, 827 

Omsk htmotthagit fever, 1156 
Onchocerca voivuiiis, 1223 
Onchocerciasis, 1223, 1224 
"Onion peel ’ lesion, 1894 
OsvvehOTOveuw, 87 
O’nyong-nyong fever, 1 194 
Ookmetc m malaria, 1209 
Opening snap, 1409 
mitral stenosis and, 1440 
OoKkUatmii aeonatotum. 929 
prophylaxis, 929 

Ophthalmitis, Escherichia call in, 931 
gonococcal, 929 
gonorrhea, 929 
proteus bacilli, 933 
pseudomonas, 935 

in tularemia, 964 . _ 

Ophthalmodynamometry, carotid insuffi- 
ciency and, 419 
Ophthalmoplegia, 289 
in encephalitis lethargica, 1154 
exophthalmic, 727 
internal, 266 
intemuclear, 290 
m mucormycosis, 1063 
ptogiessive, in vnuscuUi dystrophy, • 34 
in trypanosomiasis, 1206 . 

m western equine encephalitis, 
Ophthalmoplegic migraine, 29 
Ophthalmoscopy, 418 
Opiate addiction, 804-807 
diagnosis, 806 
management, 806-S07 . 

Opiates, and biliary dyskinesia, 1715, 171° 
in gallstone pain relief, 1714 
in ulcerative colitis, 1631 
Opisthorchiasis. 1231 
Oppenheira’s disease, 1739 . 

Opsonocytophagic test in brucellosis, 9bl 
Optic atrophy, hereditary, 1871 
in tabes dorsalis, 107$ 
from toparsamide. 1206 
Optic chiaan, pressure on, 56$, 566, >72 
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Optic dislj, pallor, -119 
Optic CCTvc dishiibances, 284-286 
Optic ncuntis, ischemic, 4l9 
Optoclim test for pneumococci, 8S7 
Oibital cellulitis, 424 
Orchms, la brucellosis^. 960 
in chickcnnos, 1167 
diSctcntul diasnosis, 1182 
m melioidosis, 97l 
mumps, 1180-llSl 
in pleurodynia, 1151 
in telapsing feser, lOSB 
after smallpox i-accinalion, 1166 
lubcTCulous. 1018 
Oteia de diicleros, J204 
Off. 1174 
Onboca virus, 1194 

Oriental sore (see Leishmaniasis, eutane- 
Omitlioiota (vector of relapsing fever) , 

loss 

Ornitliosis, 1126 

(Secaiso Psittacosis) 

Oroya fci cr, 976 

(See also Qartonellosis) 

Orthopnea, 115 

venous picssuie and, 98 
Orthostatic hypotension sj-ndrome, 305 
Orlhostatie proteinuria, 1500 
Osollojnctiy, 1577 
Oscdlopsia, 291 
Osla’s disease, 1307 
Qdet'toodes, 1041 
Osmolality, in Quid «c])anges,4Sl 
and specific (rasity, 172 
in lasopressin secretion, 575-576 
Osmotic pressure, 451 
colloid. 192 
plasma, 182 
eHeetne, plasnu, 182 
tissue fluids, 182 

Osteitis deformans (Paget's disease), 717- 
719 

angieid streaks and, 419 
back pam and, 51 
localization, 700, 705 

Osteitis fibrosa generalisata, definition, 701, 
702 

homeostasis in, 695-696 
in hypopanthyroidisni, 606 
osleomaueia or rickets m, 714 
Osteitu fibrosa loatisata. 719 
Osleoarthritis. 1918-1920 
back pam and, 50 
clinical manifestations, 1919 
diagnosis, 1919 
headache and. 24 
treatment, 1919 
(Sop alls? .4/rt/.’JrrJ 
Osteoarthropathy, hereditary, 1920 
hypertrophic, l9Zli*l9Zl 
puimonaty, in broncbogeiiie car c inoma, 
1560 

Osteobbitie activity, 701 
Qitcohlasti, definition, 69 5 
Osteochondritis in congenital syphilu, 

1076 

Osteochondrod)atrephr, 1742 
Osteochondroma, familial incidence, 443 
Osteoclarts, 703 
definition, 693 

Ostcogencsu imperfecta, 70S, 1886-1887 
inlicntance. ISS7 
oral findings, 1 5S2 
types, ISS7 

Osteogenic sarcoma, 720 
m Paget's disease. 719 
Osteolysis, retardation of, 721 
Osteolytic activity, 701 
Osteoma of fionbi iinus, 1512 
Osteomalacia, 708-71 5 
calcium and phosphate, absorption, 711- 
712 

excretion. 712 

chemical findings, table. 709 
clinical manifestations, 70S 


OsteomalackL definition, 7D1, 702, 708 
diagnosrs, /09 
difierrnbaf, 710 
etiology, 708 

in raneoni syndrome, 748, 749 
with gasuuintcstiiulauease.711, 712 
homeostasis m, 695 
hyperparalhyroidsm and, 606 
seeonda», 713, 715 
and bypophosphaUsia, 720 
bboialon finamgs. 709 
Milkman’s syndrome, 708 
with nonreoal chroiuc acidosis, 715 
in obstractwe taundice, 164 
oral roent^ findings, 1582 
with osteopetrosis, 7l4, 715 
pathology, 703 
and pregnancy. 7H 
prognosis, 7)0 

and pyogenic infection, 1698 
mth lena) tubular acidosis, 712-71 3 
wath renal tobubr pfiosphate and organic 
acid reabsorplion defect (Panconi 
syndrome). 71 3 

with renal tubular phosphate ceabsorp- 
tion drfect (s-ilamin D resistant 
nckets\,7n 
treatment, 710-711 
x-ray findings, 709 
(See also flKVets) 

Osteomyelitis, m aetinomycoses, 1053 
acute, staphylococcal, 896 
treatment, 900 
in cryptococcosis. 1054 
and epidural abscess, 1049 
m glaudets, 969 
in granuloma inguinale, 978 
m maduromycosis, 1066 
in melioidosis, 97l 
with osteopetrosis, 7)5 
of skull, )fl2 
fn smallpox, 1164 
after imaDpox vaccination, 1166 
in South American blaslomyeosia, 1067 
tuberculous, 1018-1019 
in tularemia, 964 
in typhoid, 940 
Osteopetrosis. 715-716 
Osteoporosis, 70V708 
from adrenal steroids, 626-627 
atrophy of disuse, 695. 706 
m avitaminoKs D, 553 
back pain and, 5l 
causes. 704 

ID Cushing’s syndrome, 619. 707 
definition. 701, 702 
hyperpaialhiroidism and. 606 
hyperthyroidism and. 707 
hfTcewtdam affld, 707 
idiopathic, 707-708 
matnutntion lo, 706 
with ovarian inso&ciency, 675 
postmenopausal and/or senile, 704-706 
treatment. 706 
(com prolonged stress, 707 
in scurvy, 540 

Osteoporosis cncnniscripta, 718 
Osteopsathyrosis idsopalhica (seeOsteo- 
_ genesis unperfectal 
Osteosclerosis. 715-716 
causes, 715 
definition. 70), 702 
fluOTotic, 493, 494 

Osteostenosis, angina pettom and, 15 
Ostium pnniDni driect, 1424 
eteetiocaidiogram and, 1430 
Ostium secundum defect, 1423 
Qtitis. m glanders, 969 
H. uiQiienzae, 954 
Uebsiella, 938 
m pertussis. 957 
piotens, 933 
pseudomonas. 954 
myaws, iP83 

Otilu externa, pseudomonas. 914 
Otitis media, and brom abscess, 1047 
ID measles, 1159 


Otitis media, streptococcal, 90S 
and subdural abscess, 1046 
Otorrhea, ;5rotcus, 935 
Otosclerosis, osteogenesis imperfecta and, 
1887 

Oi-arian hormones, 672-673 
preparations for clinical use, 673-674 
(See also Lrtrogen: Progesterone) 

Ovary, carcinoma rnetastases from, 1697 
diseases, 670-6S0 

hypofunction, postpaberal, 675-676 
prepiiberal, 674-675 
insufficiency, primary, 674-676 
Mcondary, 674-676 
physiology, 671-672 
torsion, appendicitis diflerentiation, 1633 
tumors, 6/8-650 
Oxalate poisoning, 827 
Oxaloacetic acid, metabolism o! pyruvic 
acid to, 47^-479 
Oxalosis, 751 

Oxaluria, nephrolithiasis and, 173, 1505 
Oxidase test, in Afjma poiymoipha infec- 
tions. 973 
for Neisseru. 924 

Ox)gcn, artcnal.at various altitudes, 847 
capacity, content, saturation and ten- 
sion. of blood, normal values, 1914 
carbon dioxide narcosis and, 1523 
consumption, eflect of cold, S33, 839 
of heart, tension time index and, 32 
diffusion, IID 
heart failure and, 1390 
poisoning, effect of pressure, 843 
solubility in blood, n4 
toxic effects, 114 
Oxygen defiaenw (see Hypoxia) 

Oxjgen dissociation curve, 114, 115 
m anemia, 203 

Oiygen tension, alveolar ventilation and. 
^ IJO 

Oxygen therapy. 1575 
carbon dioxide narcosis and, 1 575 
px^cn ventilation equivalent, 112 
llOxysteroids or cortieolds in urine, nor 
mal values, 194? 

Oxytetracyelme (Terramyan), 874 
and hepatitis, 1704 

Oxytocic effect of posterior pituibry ex* 
^ tracts, 573 
Oxytocin, 573, 574 
action, 577 

chemical confinration, 574 
ptcparalions, >75 
regulation of sectettoti, 575-576 
structure, 574, 575 
Oxyuriasis. 1219 
Ozena, 1512 


Pro,. 463 
calculation, 464 

P waves, left atrial enlargement and, 1406 
tight atrial enlargement and, 1406 
right ventricular hypertrophy and, H06 
Pacatal, 1705 

Paclvydttmva of lanmx, 1513 
Paget's disease, of bone (see Osteitis de- 
formans) 
of nipple, -446 
Pam. 15-21.125-131 
abdominal (see Abdominal pam) 
in achabsu, 132 
addiction and. 20 
anal. 139. 1639 
analgesia, mechanism, 1 5 
angm^, radiation of. 16 
in appendicitis, 1604, 1637 
approach to, 17 
arteries and, 15 

arthritis of cervical spine and, 53 
Babinskrs sign, 13 
back, 44-56 
in biliary ciirliosis, 1693 
m imtaole colon, 1643 
low, in colonic cancer, 1654 



Pain, anj bekhinc. !25 
bilur>, 125, 1604 
(Seea/jo Riluo colic) 
and bowel habitJ. 1 579 
btichial plcxutatvd, 
inaremoma, 1697, 169S 
amnuib ot Vater, 1668 
anal, 1655 
bik duclJ, 1665 
colonic, 1654 
cwrhascal. I5S5 
pancreatic, 1667, 166S 
rectal, 1655 
in cardiotpaiin, 1 5S7 
c«al doorden. 1654, 1656 
tccallesiOM, 129 
ccTMcal rib and, 5) 
eh«t, 51-59 

in chob^rtectomy, patient aelertkm, 

in cliolccyrfitij, 1 597, 1711 
tn cinhotit, bilury. 1695 
Laenneca, 16S6, 1691 

ra •ootIc, 1691 

.20 

tolitlp, IS, 155, 1604, 1628. 1655, 1654. 
1657 

(See aJjo Biliary colic) 
colonic OTiem. 126, 140. 1635, 1639, 
1641.1642, 1645, 1657 
common aact obstruction, 1 597 
eoronars', 15S5 
mmp\, 18. 140, 1618, 1641 
deep. l5. 124 
ueletal. (6 

defecation, tn acute dnertieulitit, 1645 
deprctsion and, 20 
in depreune pt)xIiosea, 407 
diaphnrnatjc hernu. 129. 15S5 
dmeitnlul dosnotti, 17 
somatic and iiseerat, 16 
dissecting ancuryem and, 1 366 
in diverticulitis, 1645 
dnigs and, 20 

in Uubmjolinson syndfome, 1700 
duodenal, 1594, 1596 
mU roptute, 1604, 1605 
in duodenal ulcer penoration, 1604 
duration, 19 

m dsspliagu. 112,155, 15S5 
and atine, 1578 
cflccts. 17 

emolional statesand, 15 
in endocrine disoidcrs. SfT^ 
epigastric, 18, 155. 157 
and tumor, 1621 
and ulcer. 1596.1607. I60S 
nopliaseal, 151, 1578. 1586 
and foreign bodies, 1 589 
tncclianism, 1585 
rupture, 1 5S9 
in estremitics, 56-60 
in e>cs, 417 

in gallbladder disease, 125, 128, 1597, 
1707. 1710. 1714 
of gastric ulcer, 1605 
gastroduodenal, 1590 
gastroenteritis. 1658 
m bead (see Headache) 
m licaltliy penons, 17 
heart, 1585. 1555, 1710 
heart muscle and, 14 
heat and. 20 
in hepar lobatum, 1699 
m hepatitis, 1675 
in herpes aoster, 1169 
hollow viscera and, 19 
h>pcralgesii and, 16 
hyperpathia and, 16 
hj’pcrscnfilation and, 19 
hj-pogastne cramps, 140 
hyrtcria and, 20 
in ilcitis, 1628 

in indigestion. 125, 126, 1578-1579 
intermittent claudication and, 14 
m intestinal obstruction, 1603, 1634 
partial, 127 


Pain, in Iriteatiiia] obstmctMis, and strangu- 
lation, 1655 

m intestinal perforation, 1710 
intractable, 17, 20 
\titussMsccp4wKi, 1657 
miiabte colon syndrome, 1645 
isehemu and, 14 
taundiec and. 1702, 1715 
in leinnal duerlicnu. 1624 
m lead poisoning. 81 5 
lobotomy and, 1 5, 20 
local aneslhctics and, 15 
localization. 1 5 
gallbbddet distenlkm. 1707 
muscle msm, 1659 
localwn. It 
niescnleric. 1626, 1658 
occlusion. 1710 
mode of oniey. 19 
muscle spasm and, 16 
tn m)ocafdul infarction, 1710 
atrpicat, 1454 
in neu, 55 
nocturnal, 19 
in Paget's disease. 718 
in pancreatic disease, 1597, 1604, 1660, 
1667.1710 

chronic rebpsing. 1665, 1666 
comphotioci. 1665 
and shock. 1662 
pathways, 15. 14 
sentral. 15 

in peptic ulcer, 126, 1610 
pam food-case paltem. 127 
peiceplion of, 17 
pericarditis and. 56, 1467 
"periodicity," 127 
p^itoncal, 1659 
in pciitonilu, early. I65S 
ph)sioloey 01.15 
pleural, >6. lis. 1710 
plcufitic, (nmon of lung and, 1 565 
in pleutMtnia. 1151 
pncumalotis bystoida intestinahs. 165J 
m pneumonia. 1655 
pncumoceoecal. 8S9 
in Polycntic diseaK. 1699 
polyps, 1642 
postgailrectomy, 1607 
preprioric. 129 
prosoling factory 18 
psjcholocyof. 15. 17 
in pylonc obstiuclion. 126 

S eme abscess. 1699 
ty of, 15 

radiation of, 16, 17, 1699 
radicubr, 18 
receptors, 1 5 

reference change, 139, 1659 
refened. 16 

m seipotul enteritis 1628 
relref by defecation. 1645 
rcitci mg factors, 16 
reproduction of, 19 
ihizotoniyand, 17 
"rbylhminty," 127 
rupture of tissue and. 19 
se^enta), 18 
self pmcnulion and, IS 
sense of, testing, 265 
sensory nerve fibers and, 15 
sevnily of, 19 
in shoulder, 55 
pmcaidilis and, 56 
skin and, 15 
somatic, 124 

Spinothalamir tract and, 15 
splanchnic, 124 
steadi^ 18 
supcincul, 15, 124 
superior salens tumor and, 55 
tlialamus and, 14 
thoracic rrsccra and, 14 
thrcsbhold of, 15 
and inflammatory process, 1659 
throbbing, 19 

time mtemity, charactistics of. 18 
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Pain, lime of occurrence of, I9 
tractotomy and, 17, 20 
treatment of, 20 
surgical, 17 

tumors ol smsW intestine. 1621 1652 
ulcer, 126. 1594-1597, 1607 I6O8. 1710 
penetration intractability, J605 
recurrent, 1607 
umbilical, 129, 1626 
from eecal lesions, 129 
and diarrhea. 1 39 
iisceral, 15. 124-125, 139 
and somiting, 135 
kV’ebcr Fcchner bw and. 1 5 
Painter’s cramps, 81 3 
Palatal mj-oelonus, 246, 255 
Pabte, weakness, and d)spliagia, 135 
Pabtine petecliiae. oral signs. 1 581 
Palindromic rheumatism, 1921 
Pallor, and anemu. 201-217 
significance of, 201 
Palmat erytUcmi. 156, 157, 1686 
Palmar wart, 1174 
Palpitation, aeropliagta and, 90 
anemia and, 90 
ansirty and, 91 
differential diagnosis, 92 
drugs and, 91 

ectopic tachycardia and. 90 
electrocardiogram and, 91 
epinephrine and, 91 
fever and. 90 
hjTCTscntibtion and, 91 
b'Poglycemu and, 90 
plieochromocj-toraa and, 91 
preeordul hypncsthesia and, 91 
premature beats and. 90 
thyrotoxicosis and, 90 
Palsy. Bell’s, 292-29). 1882 
bnchial plexus, 1759-1740, 1879 
bulbar, prcc — 
cerebral, 17 ^>t 
crural, 1880 
dysphagia. 1 35 
oev)3t.28S-290 
pressure, of nerve. 1881 
pseudobulbar, 544 
sleep, 527 

Pamaquine, reactions asocaated with, 1275 
Pancoast tyndtome, 55 
bronchogenic carcinoma and, 1 560 
Panaeas, acinar tissue miury, 1661, 1662 
adenomas, and peptic ulcers, 1 594 
cancer, fb44, 1667-1669 
and anorexia, 125, 1667 
and bile duets, 1579, 1668, 1701, 1717 
clinical features, findings, table, 1668 
course, 1668 
diagnosis, 1667-1669 
incidence, 1667 
nietastascs from, 1697-1698 
and palpable gallbladder, 1702 
cystadenomas, 1669 
cystadcnosarcomas, 1669 
in diabetes mellitus, 657 
and digestive tract pain, 125, 1579 
diseases, 1660-1667 
back pain and, 51 

diagnosis, differential, 128^129 1644 
1660, 1668. 1669 ’ ' 

extracts, steatorrhea prevention, 6171 
fibrocystic disease, 1666 
avitaminosis A caused by, 548, 549 
and bronchitis, 1667 
pseudomonas infertions in, 935 
function tests. 1660 
hemangiomas, 1669 
and indigestion, 125, 128-129 
inflammation, 1701 
(See also Pancreatitis) 
insufficiency, and Laenncc’i cirrhosis 
1685 ' 

in kwashiorkof, 166! 
and obstructive laundice, 1660 1701- 
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Pancreas, secretion, dueet measurement, 
J661 

loss through ectcrrsal fistula, 1660 
iiibtotal resection. 1660, 1666 
tumor, blcedinj, 1660 
and recurrent ulceration. 1607 
ulcer penetration into, 1605, 1611 
Pancreatectomy, 1666 
absorptive defects after, 1660 
partial, 1660 

in panacatitis, 1666 
Prncreatie itncc, 1660, 1661 
Pancreatitis, acute, 1661-1664, 16S7 

and duodenal disorders, 1597. 1604> 
WJu 1665 

and biliary obstruction, 1702 
cjlcatcoMS, 1665 
and tliolmgitis 1702 
and rliolecystitis, 1711, 1712 
chronic relapsing, 1665, 1666 
postcholecystectomy, 1716 
complications, 1660, 1665, 1603 
course, 1662-1665 
and ctstic fibrosis, 1667 
diagnosis, 1661, 1662, 1665, 1666 
differentnl. I2S-129, 1626, 1663. 
1664,1687,1711 

and disserting aortic anwrysin, 1663, 166^ 
edematous, 1661-1663, 1/10 
pstTic suction, 1663 
hcmorrliajie, 1661-1663, 1710 
andh)-perel>ccmi3, 1662 
insulin control, 1663 
incidence, 1662 
and indigestion, 128-129 
and Lacnnec’i cirrhosis, 1663-1664, 1637 
in mumps, 1181, 1669 
necrotic, 1661-1663 
ftom obslTucted divntinila, 1624 
pain, 1626 

and bilury cohe, 1663, 1664, 1710 
pathogenesis, 1661 
perforation. 1604, 1663 
in polyartcTitii nodosa, 1891 
and pseudoeystf, 166$ 
lympComt, 1662 
treatment, 166^1664,1666 
ranettopeoufs), 1324-1326 
frenn benzene, 820 
msts fiaWe), 1324 
dilfercntiat diagnosis, 1326 
in potui htPertension, 1$$ 
treatment, 1326 

Panhematopenia, primary picnic, 1325 
Panhvpopituitansm, 565-567 
dittereniial diagnosis, 566 
endocrine manageinent, 567 
t\sn\ogV, %3-8bt> 
incidence, 566 
laboratory findings, 566 
pathology, 5 £p 6 
postpubcial, 565 
prepubetal, 565 
treatment, 565, 557 

Pannicuhlu, relapsing febrile nodular non- 
suppurative. IS99 
(See also Webcr-Chnilian disease) 
Panophthalmitis, 935 

in erythema multiforme, 1924 
pseudomonas, 935 
(.9ee also Ophthalmitis) 

PintolKeme setd in ctYthiopoiesis. 203 
Pantothenic acid deficiency. 536 
Papanicolaou method, m bOiary tract, 165 
in gastric ulce^ 1610-1611 
m pnctcas. 165 
and stool examination, 1640 
Papanicolaou smear, 447 
Papillary necrosis, 1493 
acute, 1493 

PapilUTy neoplasms of kidney, 1 507 
rapni«dema.4l9 
m brain abscess, 1043 
m glomerulonephritis, 919 
headache and, 27 

unili hypowa and hypercapnia, 1 521 
" intracranial thrombosis, 1047 


rapilledema, nephroscleiosu and, 1047 
in syphilitic tneningitifc 1074 
PaptOitis, necrotizing, 30>6 
renal, 653 

Papilloma of larynsr. 1513 
Pappstaci (ever. 1191 
Papule, 74 
■n ehickcnpm. 1167 
in coivpo'r, 1166 
in seconiiaiy syphilis. 3071 
Para-ammobippoiic acid test of kidney func- 
lion, nwnul values, 1945 
Para-ammosalicylic a^ (PAS). 879-680 
and hepatitis 1704 
reaetiunsassocuted vitli, 1273 
m tubeicnlosis, 1010 

Paijcentcsn tn emlitrus snanagcineti!. 1688 
Paracoltm batilh (steColifoiin baciHi) 
I'aradoaic embolism, 1417 
Paradoxic pulse, emphysema and, 1519 
meclianism, 1463 
pencaidilis and. 1468 
FaragonuDiasis. 1230 
Paragtannloma. 1 338 
Parahemopliilia, 225 
Parainfluenza viruses. 1115 
Paialbtiminctnia. 752 
Paraldehyde, 623 

Paralrsis, from Amphotericin B. 1055 
bioebffliisity. 249 
m botulism, 994 
coma and. ^16 
definition, 240 

diflercniial diagnosis. 245-247 
in dipUtlicTis, v8S 
elcctiophysiology, 247. 248 
■n epidtiral absMss, 1050 
facul. 293 
in infants. 3740 

familul pciiodie (see Famflial periodic 
paralysis) 
eat, 289-290 
general, of tUe insane. 1075 
{See also Paresis) 
m herpes rosiCT. 1169 
iiy stencil. 244.400 
mfsniile fsce Poliomyelitis) 
isolaicd, 247 

in Japanese B encephalitis. 1156 
motor. 239-243 

m Murray Valley enrcphahiis. 1156 
nith musculjr atrophy. 245 
nilhoui muscutac atrophy, 245 
nocturnal, 324 
in pobomyctilis. 1141-1143 
in polyaitenlis nodoss, 1892 
m rabies, 1150 

w. \Vi.Wint. TntTpViiA-o. 

in St Louis encephaliiis. 1155 
■n irypanosoHiiasis, 1206 
nilhool visible clange m netve or 
inusclc. 247-243 
of vocal cord, 1514 
in n-cstero equine encephalitis, 1155 
Paralysis ^lans (seePaikmsonism) 

Paralytic ireus (see Ileus) 

Paramyloidoos, 1343 

Paramyolonia congeoita. 735, 736. 739, 
741 

Paranasal sinuses, diseases, 1512-1513 
Patangi, 1082 
(Sec also Yaws) 

Paranoia, 371 
m sclurophtenia, 367 
Paraplegia. 234, 246 
spaiitic, hereditary, 3870 
traumatic, 1799 

Parasite host relationship. 861-863 
Parasympathetic blockade in peptic nicer 
(reilmcnt, 1598 

Parasympathetic oenons svstem (see Auto 
nornie nervous systeoii 
Parallnon, 827 

rarath)roid adenoma in mediaslinom. 1571 
Parathyroid glands, anatomy, S99-MU 
diseases, 599-609 
hypeipanllQiioidssm, 604-609 


Parathyroid glands, diseases, hypopanthy- 
roidisin, 60(}-603 

pseiidoliy^paralhytoidism, 603-604 
effect of livpopliysectomy, 600 
funrtion, $99-6(50 
znd gistnc scctction, 1594 
hyperplasia, 600, 601, 604 
tumors, adenoma, 604 
carcinoma, 604 
nonfunclioning, 609 
Paralhsroid liomione, 599-600 
administration, 603 
in bone metabolism, 696-697 
Parathyroid intoxication, acute, 603 
ParafTOhoid fever, 947-943 
and scute cholangitis. 1702 
ranvertcbtal blort^ 1370 
pain m csticmrties and, S8 
Parestlicsias. 262 
m anemia, 209 
alter ftnstbite. 841 

uilli pantothenic acid deficiency, 536 
Parietal lobes, functions. 343-349 
leuoas. lensoty loss (tom, 267 
Pannaud'f syndrome, 653, 1 179 
Parkinsonism, IS64-1S66 
and ccrcbrovaicuiar accident, 142 
congestive heart failure, 342 
after cnccphaiitis Icthargica. 1154 
and hypcrparatliyroidism. 142 
and hypotbyroidism. 142 
motor disorder in, 243 
icborrliea in, 85 
treatment, I665-IS66 
and tubnculosis, 142 
urinary tract disease, 142 
PaAmson’s syndrome. 253, 771 
posttraumatic, 1805 
Paromomytm (llumalui), 878 
Paronrcliu. 1030 
Parotid gland, enlargement. 1182 
Parotitis, bacterial, in typhoid, 942 
epidemic, 1180 
(See also Mumps) 
m hcrpangina, 1173 
suppurative, 1031 . .. 

Paroxysmal cold hemoglobinuna. 1295 
Paroxysmal dyspno. cardiac. 1 382 
Paretysmal nocturnal hemoglobmutij, I29> 
raioxvsmal peritonitis, beiugn, 1251, 1253 
Paroxysmal tachycardia (tee Tachycardia) 
PaiTot fevR (see Piiitacosiil 
PAS (see Para-anunotaltcy lie acid) 

Passive transfer tests. 1262 
Pasteurei/a peifir 966 
endotoxin, 967 
Pasteurella tulaiensis, 963 
vn gas'incxias'riings.^b'i 
Pastia 1 sign, 906 

Patcli tests in dugnosis of skin disease, SO 
Patent ductus aitenosus, 1425 
bacterul endocarditis and. 1039 
cyanosis and, 1425 
bcmodvnamic measurements in, 1431 
resembling aortic miufficiency, 1456 
Paul Bunnell test, 1250 
Panussan virus, 1193 
"Pea soup" itooU in typhoid. 941 
Pectoral muscle syndrome, 33 
Pectus carioatum in Marfan syndrome, 

1834 

Pectus excavatum, 3525 
in Marfan svTvdrome, 1834 
■n Tickets. 551 
Pediatrics (see Children) 

Pediculosis, racial inadence, 72 
Pediciiiiis liumanus corporis, 1105 
Pel Lbstein fever, 69-70 
in Itodgkm's disease, 1339 
Peliosis rhcnmatica, 1316 
Pelizaeus .Mcrzhacbcr disease, 1862 
Pellagra, 542-545 
anemia w. 542. 12S6 
clinical findings, 543-544 
diagnosis, 544 

etiology and pathogenesis, 542 
inadtnce and epvdcmioSogy, 542 
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Pe^bgra, frcun Isoniazid, 8S0 

neurologic laanifestations, 1814-18-15 
prosnosis, 545 
secondary, 542 
treatment, 545 
Pellizzi’s sjTidrome, 6 
Pelvic inBammato 
Pemphigus, 1928- 
Brazilian. 1929 
racial ptrfilecbon, 72 
treatment, 1930 
«riety of, 1929 
Pemphigus foliaceus, 1929 
Pemphigus vegetans, 1929 
Pemphigus vulgaris, 1928 
Pendeh sore (see Lcuhmaniasis, cutaiicousl 
Peniallin, 872-473 
diroethoiyphenjl, 873 
111 esophageal rupture, 1589 
C, 872 

in gallstone management, 1714 
in glomerulonephritis, 921 
acute, 1432 

in gonococcal infections, 930 
in gonorrhea, 929, 930 
hepatitis induction, 1704 
m panaeatitis, 1863 
and polyarteritis nodosa, 18S9 
reactions associated with, 1273 
tow reactions to. 873 
m ulcerative colitis, 1651 
V. 872 

(See also Antibiolia) 

Pcnirillinase, 873 
Pentamidine, is Vala-aza^ 1203 
in trypanosomusis, 1207 
Pentostam in kala-azar, 1203 
Pentosuria. 776 
Pepsin, gastric, 1590 
measurement. 1591 
Peptic ulcers (tee uUerV 
Perception disorden, 345 
in delirium. 356 
Perchlorate. 583 

Perfusion'ventibtioQ relationships, 1 1 1 
Pcrfusional impairment, exercise and. 111 
Ferurtenus nodosa (see Polyarteritis no- 
dosal 

Pericardial effusion, 1467, 1470 
causes, 1470 
chronic idiopathic, 1470 
differential diagnosis, 1470 
in gas gangrene, 996 
rnyaedema and, 1470 
in scleicdema. 1901 
tuberculous, 1013 

Pericardial Buid, normal values, 1946 
Pencardul fnction rub, 1413, 1467 
Pericardial tamponade, 1468 
heart failure and, lOQ 
Pencarditis, 1467-1473 
abdominal pain and, 36, 41 
acute, 1469 
acute fibnnous, 1470 
acute tubular necrosis and, 1494 
amebic, 1 193 
benign. 1469 
in chickenpox, 1167 
classification, 1467 
collagen disease and, 1470 
constrictive, and cardiac cirrhosis, 1694 
chrome, 1471 
differential diagnosis, 1472 
in tuberculosis, 1018 
Coxsackievirus. 1132 
differential duguosis, 1470 
effusion and, 1470 
electrocardiogram and, 518, 1467 
infectious, 1469 

lupus erythematosus and, 1470, 1894 
measles, 115S 

myocardial infarction and, 1452, 1455, 
1470 

neoplastic, 1470 
pam and, 36, 1467 
paradoxic pulse and, 1468 
pneumococcal, 8S9 


Feticardihs, in polyaitaitis nodosa. 1891 
postcarduc in]niy syndrome and, ! 470 
in psittacosis, 1127 
pyogenic, 1470 
refcience of pain m, 36 
in Reiter’s syndrom^ 1908 
iheumalic {ever and, 1470 
in rheumatoid arthntis, 1909 
in sclcrodcTma, 1893 
after smallpox vacctnalion, 1166 
in Still’s diseastr, 1914 
streptococcal, 909 
tubeicvdou^ 1018, 1470 
in tularemia, 964 
uremia and, ISO, 1470 
Peticatdiutn, cysts, 1473, 1571 
diverticulum. 1571 
pain-scnsilne structures and, 36 
tomoTS, 1473 

Perifollicular hemonhages in scurvy, 541 
Perihepatitis, gonococcal, 929 
Perinasal sinuses, llebsiella infectrons, 933 
Peruiephric absc^ 1034 
Periodic adynamia, hererlitary, 739 
Periodic breathing with aivcobr hypoventi- 
lation, 1521 

Periodic disease, 1251, 1252 
Periodic neutropenia, 1323 
Penorbital edema, 1482 
Pcnostitis, in beiel, 1084 
in hypertrophic osteoarthropathy, 1920 
in yaw^ 1033 

Peripheral artetKwderosis. 1370 
Penphenl cireulalorv faOure. 100-103 
aammistration of fiuidsand, 103 
adrenals and, 102 
clinical manifestations of, 100 
complications, 102 
diagnosis, 102 

hematogenic or oligemic. 101 
irrtvCTSible, 102 
mechanism. lOI 
mned and onknown types, 102 
neuiogenic, IQl 
steroid hormones and, 103 
treatment. 103 
types, lOI 
vasogenic, 101 
vasopressor drugs and, 103 
Peripheral nerve diseases, 1873-1883 
sensory changes, 265-266 
Peripherd vascular disease (see Vascular dis- 
ease of exttemllies) 

PerupleniUs in typhoid, 941 
Peristalsis, and cardiospum, 1587 
in megacolon, 1641 
in wloiK stenoMS. 1623 
and weight loss in steatonhea, 141 
Pentoneal floid, normal valoes, 1946 
Peritoneum, imlation. 139 

aod appendiatis symptoms, 1633 
m diverticulilis, 1645 
liver metastascs. 1697 
pancreatic cancer invasion. 1663 
parietal, in indigestion, 124 
Pentomtis, abdommal spasm and, 42 
and amebiasis, 1197 
amebic, 1198 

in app^icitis, 1637, 1638 
and Bacteioide^ 937 
benign paroxysmal, 1251. 1253 
from bowel nroture, 1657 
dostsidial, 

coliform bacteria m.93l 
fioiR colonic tumor, l655 
diagnosis, 136, 137, 1635 
in diverticulitis, 1646 
Ziscbcrichia cob m. 931 
and hepatic absceis, 1699 
intestinal obstruction, 1634 
tciunal diverticula, 1624 
Klebsiella. 938 
muscle spasm and, 42 
pneumococcal. 883, 692, 1638 
in portal vein occlusion, 1705 
and proleus bacQU. 933 
in regiona] enterih^ 1628 


Pcritonih’s, ruptured viscus and, 42 
streptococcal, 909 
tenderness and, 42 
time intensity curve of psin, 41 
traumatic gallbbdder rupture, 1717 
tuberculous, 1017 
in tularemia, 964 
and vomiting, 136, 137 
Peritonsillar abscess and dysphagia, 1 34 
Peimret e r a l fibrosis, unnaty obstniclion and, 
1475 

Pernicious anemia (see Anemia) 

Pcioneal muscular atrophy, 1870, 1878 
Peroneal sign, 601 
Peisutent tnincus arteriosus, 1427 
Personality, psychopathic, 404-40 5 
Fersonahty disorders, frontal lobe disorders 
causing, 346 

Fetspitation, wsensihle,'K4ter loss, 456 
(See also Sweating) 

Pertussis, 956-958 
gamma globulin in, 957 
treatment, 957 
vacemabon, 957 
Fesbs minor, 968 
(See also Plague) 

Petechiae, ia bacteria] endocarditis, 1040 
m epidemic hemorrhagic fcicr, 1187 
in gonococcal infections. 929 
in Ula-azat, 1203 
in leptospirosis, 10S6 
meningococcal infections, 925 
in plague, 967 
10 relapsing fever, lOSS 
la Rociy Mountain spotted fever, 1097 
IS St^tobacil/us TBOttildoima infections, 

suhunnal, 1040 
IT) tnenomonusis, 1211 
in yellow fever, 1185 
Petit tnal (see Epilepsy) 

Peutz )eghers syndrome, 446, 790, 1933 
oral findings, 1581 
Peyet’t patches in typhoid, 940 
Peyote, 825 
Pfuodiiare, 1512 

pH in blood, norma) values, 1944 
Phacomatoses, 1732 

phagocytosis, in hemolytic anemias, 1291 
in radution iniury, 852 
phantom limb pain, 59 
Pharvsgeal bursitis, 1 512 
Pharyngibs, m arsenic poboning, 612 
inbeie), 1084 

differential diagnosis, 907-903 

diphthenbe, 984 

m glanders, 969 

if inffuenzae, 954 

in herpangina, 1173 

herpes simplex, 1171 

in lymphocytic choriomeningitis, 1 1 37 

meningococcal, 924 

nonbaetcrial, 1113-1120 

in pleurodynia, 1131 

in psittacosis, 1127 

in secondary syphilis, 1071 

streptococcal, 905 

in tnlaremu, 964 

in vesicular stomabtis, 1174 

viral. niB 

in West Nile fever, 1 192 
Pharynx, atrophic changes m dysphagia, 133 
oncer, 15S9 

and esophageal diverticula, 1585 
irritation andvomihng. 136-137 
ntujoniQSCiilar distuibasicc and dvspliacia. 

133. 134 

Pheidip^idcs syndrome, coronary blood flow 

phenacctin, as cause of methemoclobincmia. 
1311 

as cause of sulfhemoglobmemia, 1313 
Phenethinlhn (Syndllin), 873 
Fhenifonnin in diabetes mcliitus, 64S 
Phenindione and hepatitis. 170S 
Phenobatbila). hepatitis induction, 1704 
Fhenocopy, 433 
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Plienol Misontng. 828 
Plienolplilhalan, reactions associated with, 
1273 

rhcnolsalfonplilhalein, wcrelion, acute 
glocnetulonephtitw and. HSl 
renal impairnicnt and, M78 
PhenolsuIfonpJithalem test of kidney func- 
tion, normal salues, 1945 


in poisoning, 830 
Phenurone, l/Od 
reactions assKuted with, 1273 
Phenylaeetylurca and hepatitis, 1704 
Phenylbutarone, and gastnc ulcer, 160* 
and hepatitis, 1704 
reactions associated with. 1273 
in rheumatoid arthritis, 1912 
in rheumatoid spand)litis, 191 5 
injlhydra ’ ■' 

hcnjlisoi 
1705 

Phen)lkctQnuria, 749-750 
biochemical defect in, 437 
Phenjlpyruvic acid in urine, 745 
Pheochrouiocaloma, 631-634 
familial incidence of. 443 
msion and, 1351 


hypertension and, 13 
palpitation and, 91 


Phialophora, 1066 
Phialophora compactum, 1066 
Phialophora pedrasi, 1066 
Phialophora vetnieosa, 1066 
Phlebitis^brouehogenic arcinoma and, 

and hepatic vein thrombosis. 1703 
riilebolliiombosis. 1 375 
Phlebotomns, vector of bartemrilosis, 97? 

sector of Icishmsmssis, 1202 
PMebotomus feset, 1191 
Phlebonoiu pspatatii, 1191 
Phobic tieusoM, 396 

riionocardiography, congenital heart disease 
and. 1421 

Phosgene, pneumonitis and, 1542 
Pbosetne pou<Mi<i« 1530 
alveolar block ai 
isehatase (see .... 

Iinephosphatasel 
PhcisofuteU\.iAbodT Ouidt, 690 
in none, 692-694 

nieCiholism, endocrine hormones In, 697- 
699 

paralhjToid hormone »n, 696-697 
iitamin D m, 697 
in osteomalacia. 714 
absorption, 711-712 
rJcretjon, /J2 

parathyroid hormone regulation of. 599 
plasma calcium relafionsliip. 690-691 
plasma disturbances, diseases with, 600, 
605 

tubular icabsorplion. 606 
Phosphatidyl ethanalJininc, 219 
Phospiiatidil serine, 219 
Phosplufiiria. 743 
ncphinhlhnsisand, 178 
Phosyloethanolamine in hypophosphatisia, 

riiosplinlipids, action m bite. 1710 
icticulocndolliclut, in Niemann Pick dis- 
ease. 1696 

serum, in biliary cinhosis, 1691, 1693 
in liver disease, 163 
normal values. 1944 
testosterone lossenng effect, 1691 
Phosphorus, inorganic, scrum, normal val 
ues. 1944 

and liiet lesions, 16S0, 1695, 1704 
poisordng by, 825 

radioactiie (see Radioartise phosphorus! 
Phospliorylasc. 476 
hcpatie. drfeclisc. 774 
••Phossv|i«,"444 
Pliotpphobia, inathinism, 750 
■n a>seniepois.>.iir<c.SI2 
Colorado tick (eser, 1190 


Photophob^ Di eptdemve kcritoconiisnc- 
tnilis. 1176 

m inclusion caajuoctisitts, 1176 

in lymphocytic dumomeningitu, 1137 

m nicMes, US8 

m munne Mlins, 1104 

in Newcastle disease coniunctivit^ 1176 

in pteuiodyna. 1131 

in psittacosn, 1127 

in Reiter's syndrome, 1908 

in nckettsialpov, 1101 

mSt Loun encephalitis 1155 
Photosensitivity, 73, SO, 193+-1935 
Dedomson, »75 
drug mdneed, 1934 
in porphyria, 760 
Phrcnemphra.'iu, 1012 
Phrynoderma, 549 
PhlUiS.999 

(See akfi Tuberculosis) 

Physical chemtstry, metals in. 487-4S9 
Pbjsometra m clostridial endomettitii, 997 
Phytolacca. 829 
Pun. 1082 

(See ifso Yaws) 

Pick's disease /see Niemann Pid: disease) 
Pick's »>gn, 1191 

PicLutckian syodroine. 1308, 1525 
alveolar hypoventilation and. 1525 
cor pulmonale and, 1538 
obesity and, 1525 
somnoknee and, 1525 
“Picnc Itch." 828 
Pictotoxin, 823 

Pigeon breast {see Pectus cannatum) 
Pigment, mbile, 1710 
(See also Dilrubin) 
hpofoKin, m viral hepatitis. 1672 
Pigment metabolism, disotdets, 787-791 
m Gilbert's syndrome, 1699 
in bemolytie anemias, I2S6 
Pigment shunt m pereictoos anemia, 1282 
Pigmentation, m Addison’s disease. 613. 
614,789 

in arsemc poisoning, 812 
ehanges in, 82 
■n cinhosis, biliary, 1682 
m congenital lues, 1581 
in discoid lupuv 1934 
diseases ivith, 785 

liver, in Dobm-iohnson syndrome. 1700- 
1 /0I 

melanin, 789 
of mouib, 1581 
m pemphigus vulgaris. 1928 
m phenol poisoning. 828 
in phenylketonuria, 750 
uj pmii, J031 

and pituibry tumon, 571. 572 
in polyostotic fibrous dysplasia. 716-717 
in porphyna. 761 
m pregnancy, 759 
in radiation iniury. 854 
m remonal cntcntiv 1628 
in iriinodcrni-i. 1897 
in scurvy, 540 
m W hippie’s dncaNc, 1631 
Pitocaipme test in leprosy. 1022 
Pine oil, 829 

Pineal gland, anatomy and pathology, 6S3 
catciiication. 63S 
diseases. 687-689 
m meianofis, 788 
tumors, 688-^89 
Pinealoma, 1822 
Pink disease. 1876 
"Pink eye,” 955 
(SeeanoConinncUvitn) 

Pinta, 1083-1084 
treatment. 1084 
Pintids, 1084 
Pinworm mfection, 1219 
Piperazine ^^Antcfw), reactions associated 

Pipcnzme airate m ascarnsis, 1216, 12IS 
Pipyrospomm orbicnfarc. 1935 
Pipyrospomm oiaJe, 1915 


Pistol shot sounds over vessels, 1 369 
Pitrcssm m diabetes insipidus, 579-581 
Pituitary, anterior, in bone metabolism, 699 
disascs, 563-572 
histology, 564 
pliysiology, 564 
and gastric scaetion, 1593 
hyperactivity and macrodonlia, 1 581 
local destruction, 571 
secretion, deficient, 567-568 
increased, 565-571 
tumors. 570-571 
eysts, 572 

hypertension and, 1352 
intermediate, diseases, 572 
irradiation m Cushing’s syndrome. 620 
posterior, adrenocortial telationships, 
577-578 

diseases, 573-582 
hormones, 573-577 
regulation, 575-576 
Pituitary adenomas. 1824 
Pituitary tumors. 568-572 
following adrenalectomy, 571 
Pituitrin, intravenous surgical, for portal 
pfcssore, 1689 
Pityriasis rosea, 76 
seasonal incidence, 73 
Pizer’s agar for gonococci, 930 
Pbgiocepbaly, 1728 
Plague, 966-969 
murine. 966 
primary septicemic, 968 
prophylajB, 969 
rat, 966 
sylvatic, 966 
treatment, 968-969 
Plantar wart, 1174 
Planb, pouoamg from, 72 
marihuana, 825 
mescaline, 825 
milk sickness, 826 
mushrooms, 826-827 

Plaquenil in systemic lupus erytbenutetus, 
1896 

Pbsma. Btomrulphalem durance, )6i 
colloidd oamolie pressure aad ascites, 

commercial preparation and viral tratu- 
mwwuti, 3679 ,,, ,,, 

interstitial fluid exchanges with, 454-^55 
volume, 449 
attitude effects, 846 
uormal values. 1943 
and vomiting, 1 36 
PlasmacelMeukemu, 1330 
Plasma cell pneumonia, alveolar block and, 
1526 

Plasma cytoma of nasal pharynx, 1 512 
Plasma iron (see Iron, plasma) 

Plasma tliroraboplastic factor, 219 
Plasma thromboplastin antecedent (rTA), 
219 


219 

dificicncy, 1320 

Plasma volume expanders in nephrosis, 

1491 

Plasminogen, 221 
Plasmodium lalcipatom. U99 
P/asmorfmm maJariae. 1 199 
Plasmodium oi'ale, 1 1 99 
Plasmodium vivas, 1199 
Platelet agglutmitii. 1314 
Platilet eg factor, 219 ^ 

PLitelcls. increase following acute blood 
loss. 1278 

normal values, 1946 
role in hemostasis, 218, 219 
Platybasa, 1729 

osteogenesis imperfecta and, las? 
Pletliysmography in arterial disease, 1 377 
Pleura, diseases, 1363-1566 
liver metastases, 1697 
I, 36 


tumors. 1 563, 1565 
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Pleural effusion, 1564-1565 
inaiiicbmu, 1 19S 
and ascites, 1 55 
in coccidioidomycosis, 1057 
“idiopathic,” 1565 
in h\« disease, 155 
in lupoid hepatitis, 1679 
in lupus erythematosus, 1895 
in pancreatitis, 1665 
in pneumococcal pneumonia, 8S9 
in polyarteritis nodosa, 1891 
m scleredema, 1901 
in Still's disease, 1914 
tuberculous, 1005 
m tularemia, 964 
Pleural fluid, normal values, 1946 
value of, in diagnosis, 1564 
Pleurisy, m acute rheumatic ie\er, 916 
fibrinous, 1564 
pain, and biliary colic, 1710 
serofibrinous, 1 564 
tuberculous, 1014 
Pleuntis, 1563-1565 
chronic adhesiv^ 1565 
with effusion, 1564 
lupns erythematasos and, 1895 
polyartentis and, 1891 
Pleurodynia, 1151 
relapse. 1151 
ierologic reactions, 1132 
Pleuiopnenmonialike oisanisms, and pri- 
mary atypical nocumonia. 1 120 
and Reiter’s syndrome. 1903 
Streptobaciilui moaiZi/ormu, 975 


Plumbum (see poisonine) 
Plumme^Vinson synotome, 135, 127' 
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Plummer’s disease, 559 
Plutonium and bone metabolism, 700 
Pneumatosu cystoides uitestinslis, 1651 
Pncumatuiia, dustiuli^ cystitis in. 997 
Pneumococcal miectioiu, 837-594 
treatment, 895 
Pneumococcus, 887-883 
and toxic hepatitis, 1682 
Pneumoconiosis, 1 544 
coal svorkers', 1547 
emphysema and, 1518 
Pseumocystu caiuiii, 1210 
Pneumonu, in anthrax, 974 
and appendintu differentutioo, 1658 
aspiratioa and, 1555 
aspiration oi fotam body in, 1552 
tn blastomycosis, 1055 
bronchiectasis and, 1549 
caseous, 1005 
in cat-scratch disease, 1179 
in chickenpox, 1167 
chronic empyema and, 1558 
chronic pr^osive, 1561 
dostndij, 997 
in cryptococcosis, 1054 
in cytomegalic inclusion disease, 1IS4 
in dengue, 1189 
differential diagnosis, 890-892 
in diphtheria, 9S6 
etiology, 890-S92 
FnedUnder's. 958 
giant-ccll, 115S 
in glanders, 970 
II inSuenise, 954 
hemoptysu in, 125 
in histoplasmosis, 1059 
in influenza, 1125 
influenzal, alveolar block and, 1526 
intcfslitial plasma cell, 1210 
kIebsieUa,953 
in leptospirosis, 10S6 
lobat, ESS 

abdominal pain and, 40 
lung abscess and, 1554 
in lupus erythematosus, 1595 
in lymphocytic chonomenuigitis, 1137 
in measles, 1158 
misccUancoos types, 1555 
in jnunne typhus. 1 105 
m nocaidiosis, 1064 


Pneumonu, in pemphigus, 1929 
in pertussis, 957 
in plague, 96S 
Pneumocystis. 1210-1211 
pneumococcal, 8SS-890 
atelectasis m, 8$9 
delayed lesolubon in, 839 
epidemiology, 887 
pathogenesis, 8S7 
»n pertussis, 957 
in typhoid fner. 940 
in poliomyelitis, 1144 
and polyartentis nodosa, 1390 
primary atypical, 1120-1121 
serologic reactions, 1120 
treatment, 1122 
IQ psittacosas. 1127 
m Q fever, 11 OS 

teenrrent, bronchiectasis and, 1550 
theumatic. 916 

in Rocky Mountain spotted feier, 1097 

m smallpox, 1164 

staphylococcal, S97-S98 

■n Stnt’s disease. 1915 

streptococcal, 90S 

tn tubercnlosis, 1005 

in tubremia. 964 

varicelb, 1167 

Slid, 1114 

(^ also pnmary atypical, above) 
Pneumonic plague, 966 
(See also Pbgue) 

Pneumonitis from inhalation oi noxious 
agents, 1542 

Pneumopentoneum in tuberculosis, 1012 
Pneumothotas, 1565-1566 
artificial, in tuberculosis, 1012 
diagnosis, 1566 

IQ Eblers Danlos syndrome, 1886 
Marfan syndrome and, 1885 
ptessute raects, 842 
spontaneous, 1565-1566 
ift asthma, 1265 

in Ehlets-Danlos syndrome 1886 
in tubaeulosis, 1014 
treatment. 1566 
Poiseuille's Muatioo, 94 
coronary blood Bow and, 55 
Pouonmg, antidotes, 818 
6AL. 811-812 
EDTA, 812 
universal, 816 

Viith chemical agenl^ 815-855 
specific agents, 818-850 
diagnosis, 815-816 
food (see Food poisoninct 
uilh heavy metals, 81 1-8 1 5 
identiScatioa of toxic agents, 816 
with iDsectiddes, 812, 824, 827 
arsenical, 8lZ 

with plants, 72. 825, 826. 829 
therapeutic consideration^ 816-81 S 
in thrombocytopeuic purpura, 1515 
vomiting induction. 1 56 
(See tho Intoncalion) 

"Poker fpme." 1915 
Poketool, 829 
Polarization, definition, 500 
Polioencephahlis, 1145-1144 
Poliomyditis, 1159-1149 
"abortive,*' 1141 
encephalitis 1145-1144 
immonity, IH5 
immunization, 1147 
kyplioscoliosis and. 1524 
"minor illness,'' 1141 
nonparalytic, 1141 
paralytic. 1141 
bulbar, 1145 
spinal. 1142 

posterior (herpes zoster), 1169 
prevention, 1147 
resistance to, 1159-1140 
admoidcctofny, 1140 
menstruation. il40 
orulation. 1140 
physical ezHtion. 1140 


Poliomyelitis, resistance to, pregnancy, 
sex. 1140 

tonsillectomy, 1140 
respiratory disturbances. 1522 
serologic reactions, 1144 
sweating, 85 
treatment, 1145-1147 
nnapparent infection, 1141 
vaccination, 1147-1143 
luccinc, 1147 
oral. 1143 
parenteral, 1147 
virus types, 1 1 59 
Pollens in hay feier, 1260 
Polrartenlis nodosa, 1889-1892 
drugs causing manifestations resembling, 

feier in, 67 

heart disease and. 1 464 
lesions in gallbladder wall, 1717 
Loeffler's syndrome and. 1556 
and pancreatitis, 1661, 1669 
with polyncuropathv, 1877 
renal disease and, 1501 
treatment, 1892 
lascutar disorders in. 1790 
Polyarthritis, migratoOi m rheumatic feier, 
194 

and MTiippIe’s disease, 1651 
Polycialic kidneys, 1505, 1699 
with polycythemia, 1508 
treatment, 1 504 

Polieytliemia, in cerebral thrombosis, 1776 
cobalt and, 490-491 
congenital heart disease and, 1416 
emphysema and, 1520 
headache and, 50 
hypertension and, 1552 
hypoxia and. 119, 1521 
oral findings, 1 591 
and portal vein thrombosis, 1705 
varieliei, 1507 

Polycythemia rubra vera, 1 307-1510 
Polydipsia, m diabetes insipidus, 578, 5*9 
in potassium depletion, 456 
psychogenic, 579, 580 
Polymorphic light eruption, 1955 
Pelirnyosilii, 725-726 
electromyography, 529 
Polymyxin (Aerosponn), 876 
reactions associated with, 1275 
toxicity. 876 

Polyneuritis, diphtheritic, 1875 
dysphagia, 155 
idinpathic, IS7S 
acute, 1875 
infectious, 1525 
leprous, 1876 

Polyneuritis cranialis multiplex, 293 
Polyneuropathy, 1875-1879 
^coholic, 1845, 1876 
amyloid, 784, 1877 
ancsical, 1877 
chronic, progressive, 1878 
diabetic, 1876 
electromyographj, 530 
erythredema, 18/o 
hyp^ophic, 1878 
lead. 1877 
nutritional, 1S41 
pink disease, 1876 
polyartentis nodosa, 1877 
porphync. 1877 
progressne, 1878 
sensory changes, 266 
with tnorthocrrsylphoiphafe. 1878 
Polyostotic fibrous dysnbsia, 716-717, 7S9 
Pofyplax ipmufoiii. 1105 
Polypoid tumon, 1652 
Polyposis, congenital, of colon, 1645 
nuliznancy,443, 1655 
pseudo-, 1649, 1650 
PoWs, 1^»2-1645 
aocnOmafons. 1640, 1642, 1655 
ace factor, 1642 
bleeding, 1640, 1642 
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Polyps, and cancer, 1616-1617, 1M2, 1643, 
1633 

colonic, 1642 

conjcnital multiple, 1643, 1633 
diagnostic procedures, 1640, 1641, 1643 
inpllbbildcr, 1717 

intcstinil, hcmatcinesis and melcita, 144 
nasal, 1260 

prccancetousness, 1653 
iccuncncc, 1643 
Pols-saccliandes lit bone, 692 
PoIvuTia, causes. 175 
diabetes insipidus and, 1 75, 578, 579 
diabetes mcllitos and, 175, 19Q 
foUo«ing head miurj, 579 
fonos t'see tcisflinanosis, vtscera// 

Pontine ciioma, IS25 
Pontine ficmonhage 1781 
Pontine myclinosis, 802 
Pontocine poisoning, 825 
Parphobilinogcn, 203, 759 
tests, 761 

Porphobilinogen dcaramase, 759 
Porplivria, 758-759 
abdominal pain and, 41, 43 
aequiied, 1853 

acute rntcnnitierit, 7613-761 
classification, 759 

eongcnital, bile pigment production, 147 
cutanea tarda hereditaria, 761 
cutanea tarda simptoinatiei, 762 
distinguishing features of several types, 
762 

etyllsTOPoietic. 759, 760 
expeniTtenial, 762 
latent, 760 
treatment, 760 
sariegata, 762 
*me and, 497 

Porphyric polyneiiropiOiy, 1877 
Porphytuifi), 790 
in lead poisoning, 814 
metabolism, biosytilliesis, 758 
liisofden, 7S5-763 
Portal cirthosis (see Cirrhosis] 

Portal hypertension (see Hypertension) 
Portal scin, anomalies assoeuted ssith 

chtociic congestive iplenomepty, 1316 
bacterial infection, 16S7, 1705 
casemomatous translormation. 1703 
drainage and hepatic abscess, 1698 
hypoplasia and ombdical vein patency. 
1 706 

occlusion, 1701, 1705 
pressure measurement, 165 
thrombosis, 155, 1689, 1701, 1705 
(See also Hypertension, portal) 

Porter Silber reaction. 611 
Porter’s trudrome^ 1472 
Portocaial shunt in chninie congestive 
splenomegaly, 1337 
Portopapliy in liemateincsis, 145 
Portuguese man-o’-war stings, 1245 
Posteardiac injury syndrome, myocardul in- 
brclion and, 1453, 1457 
after operation for mitral stenosis, 1441 
pciicarJitJS and, 1470 

Postchoiccysteciomy syndrome, 1716-1717 
Postcommissurotomy syndrome (see Post- 
cardiac miuiy syndrome) 

Posterior Pituitary ponder. 574, 573, 53] 
Postexantnematous cnccphalomTclitis, 1830 
Postgastrectomy syndiomcs, 126-127, 1617- 
1616 

Poslhmorrhagic anemia (see Anemia) 
Posthepatitis sj-ndrome, 1677 
Postmyociiidial infarction syndrome (see 
Postcardiac miury syndrome) 
Postopcrati'c atelectasis, 1552 
Poslpaihjm heart disease, 1462 
Postradiation fibrosis, alieolar-capillary block 
and. 1526 

Posllraumatic nervous instability, 1799- 
1804 

Postural abnormahtiet, 251-259 
iiral drainage, 1 573 
icU'CcUsu and, 1552 


Postural hypotcnsioii, anenal atbeks and, 
1445 

syncope, 305 . 
tabes dorsalis, 1075 
Poslonl sense, testing, 264 
Postasal tsemOT, 245 
Posture, back and, 56 
heart failure uid, 1385 
Postvaccinal cncepbalomyelitis. 1830 
PolasMum, awhjtnmsM and, 3397 
mbody fluids, 450 
in dutetic acidosis and coma, 654 
digitalis and, I3S6, 13S8 
exeretton, sodusni excretion and, 175 
hypctlcnsion and, 1351 
in intestmaf obstruction inanagemm(, 
1603 

m liver disease, 155 

plasma, m neuromuscular disorders, 249 
serum, 155 

m adynamic ileus, 1633 
normal lalues. 1944 

Potassium ddicien<7| eflects oo kidney, 175 
renal failure aiwl, 171 
Potassium depletion. 456, 749 
clitorothiaaide an^ 1 389 
diQielio and, 3389 
from PAS. 880 
and pyelonephritis, 1036 
Potassium lotoxication. acute tububr ne- 
CTosa and, 1494 
efectroeardiograni and, 1494 
renal failurcand, 175 
treatment, 1497 

Potassiom pcrchlonte m brpertbnoidism. 
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Pott's disease, kyphoscoliosis and, 1 524 
Porviras bovis, 1163 
Pon imt olKeinale, 1 163 
Porvirus vanolae, 1)63 
PPLO (see Pleuropneunonialike organ- 
urns) 

P R intena), 514 
heart sounds and. 3409 
prolongation in atiul septal defect, 14)8 
Pfintal, 84 

rnusnitzKOsloerreactton. 1262 
Pceeocdial hypemtlicsia, palpitation and, 
91 

Preeordial movements, angina pectoris and. 
1448 

angina) pam and, 35 

Precoidul palpilalHin, left veotricular hyper- 
trophy and, HOo 

3 ht ventnculir hypertrophy and, 1406 
nisolone in ulcecalive colitis manage- 
mrni, 1652 

Ptednaone, u> cirrhosis, l>iljar7, J693 
Laennec's. 1683 
1691 


’reecbmpsio. 1352, 1495-1500 
md^pyclmep^tis. 1036 



ife pancreattbs, 1661 


in. 714 

in, 1163 

tic jaundice MmpliMtioa, 151 


ja wt, 653^59 

14 m. 775 

id. 1391 

- Si m. 592, 593 

. ircmcnta in, 1279 
d lopDS crytben a tos u s. 1895 
yticanemu in, 1266 

itenosu in, 1441 
and vonulmg, 136,137 

* lain, 714 


radioactive sodise tl 

in, 593 


Pregnancy, rubella m, 1 160 
syphilis m. 1076 

toxemia of (see Toxemia of pregnancy) 
tubal, appcnoicitis differentiation, 1638 
and ulccraliie colitis, 1652 
Piemfatetional angina, 1449-1452 
anticoagulation and, 1451 
exercise, 1451 
licparmand, 1450 
mecUaniMn, 1450 
myocardial infarction and. 1450 
nitfoglyeenn ointment and, 1450 
treatment, 1450 

(See also Coronary insufficiency] 
Premature bcalSj 1397 
angina pectoris and. /-ff? 
clinical diagnosis. 90 
digitahs and, 1386 
distinction from atnal Cbrillation, 90 
electrocardiogram and, 519 
palpitalion and, 90 
quinidine and. 1396 
significance, 90, 1593 
wiUi single heart sound, 1409 
treatment, 1 393 

Prematurity and pseudomonas infections 
934 

Presbyeardia (sec Senile heart) 

Picst^pia, transient, in insulin therapy. 

Pressor amines in paroxysmal atnal tachy- 
cardia, 1395 

Pressure, deep, sense of, 263 
UeadacUe and. 25 
relation to Bow and distance, 93 
pressure edccts, 842-847 
baretnuma, 842 

deecmptessien siclness. 843-445 
inneased gas pressure. 842-844 
pressure diBerenees. 842 
Pressuie gradients, 842 
Pressure palsy of nerve, 1831 
^csjstohe^^Mop, J409 

riiniaquine. hemolysis from, 1202 
in malaiu, 1202 
reactions associated Mith, 1273 
sensitivity, 427 
m hemolitic anemia, 1291 
Piimary inoculation complex, 75 
Ptimaiy lateral sclerosis, 1869 
Ptunaty pulmonary bypertetisWtt, 1538 
"Private blood groups, 438 
Ptoband, definition, 428 
Probenecid (Benemid), and bepatitis. 

1704 

reactions associated with, 1273 
P/oesae, at ponacaHt^}, 7667 
poisoning, 825 

Procaineamide (Pronest)]), 1397 
reactions associated viilh, 1273 
Pioconvertin, 219 
Proctitis, acute, 1647 

cortieoilcroid therapy, 1651 
{rubiUtyotmucoas, 1649 
gonococcal, 9 29 

in Ij-mpliogranuloma venereum, 1177 
and rectal urgency, 1645 
regional enteritis, 1627, 1628 
ulcerative. 1648 

(Sec also Colitis, ulccralivel 
Proctoscopy, in acute constipation. 142 
colonic mSammatory changes. 1647 
for indigestion diagnosis, 129, 132 
regional cntcntii, 1627, 1628 
Proctosigmoidoscopy, m anorectal disease, 
164(>-]64l 

in imtable colon syndrome, 1643 
Progesterone, 672-674 
administration, 674 
in breast dncJopmcnt, 680 
in infertility. 687 
Progressive bulbar palff, 1869 
Progressive lenticular degeneration (see 
llepalolcnticnlar degeneration] 

1 Progressive muscular atrophy (see Muscti- 
lai atsopliy) 



Progressive systemic sclerosis (see Sclero- 
derma) 

Prolacfm in breast des-elopment, 680 
Promazine and hepatitis, 1705 
Promin in leprosy, 1023 
Pronestyl (see Procaine amide) 

Propositus, definition, 428 
Proptosis. tumors of orbit in, 424 
(See also Exophthalmos) 

Propylene glycol poisoning, 824 
Propylthiouracil, 592. 593, 594 
Prostate, carcinoma, 690 
bacv pain and. 52 
diseases, 670 
metastases from, 1697 
Prostatitis, gonococcal, 928 
in melioidosis, 971 
in mumps, 1181 
in Reiter’s syndrome, 1908 
tuberculous, 1018 
Prostigmme, 237 
Protamine zme insulin, 644 
Protdn(s), ascitic fluid-plasma exchange, 
154 

in bone, 691-692 
dietary intake, 16S9 
and cinbosis, 16S5. 1687, 1688 
renal failure and, 1477 
and edema, 155 

electrophoretic fractions, normal values, 
1944 

fecal loss, 1660 

(See also Creatorrbeal 
and hectic coma, 158, 1689 
metabolism, 481 
regulation, 485 

plasma, thyroid hormepnes and, 584 
requirement, 1678 
and nitrogen balance, 1677 
serum, 162 

in infectious mononucleosis, 1683 
normal values. 1944 
synthesis, 751, 752 
(See also Dysprateinemia) 
Pcotem-bound iodine, 584 
in hyperthyroidism, 591 
in nephrosis, 1488 
serum, normal salues, 1943 
Protein deficiency, 778, 1685, 1686 
anemia associated with, 204, 1304 
and teeth mobility, 1552 
Proteinases, pturitus caused by, 83 
Proteinosis, alveolar, 1530 
Ptotcinuna, in anenic poisoning, 813 
asymptomatic, 1478 
in dengue, 1189 
differential dugnosis, 1478 
eclampsia and, 1499 
effects, 173 
after aercise, 173 
functional, 1500 
in glomerulonephritis, 920 
in tala azar. 1203 
in leptospirosis, 10S6 
m lupus erythematosus, 1894 
mechanism, 173 
in normal persons, 173 
orthostatic, 173, 1500 
in polyarteritis nodosa, 1892 
in yellow fever, 1183 
Proteus mirabilis, 933 
Proteus morganii. 933 
Proteus OX-K, 10S9 
Proteus OX-2. 1094 
Proteus OX.19, 1094 
Proteus rettgeri, 933 
Proteus vulgaris, 933 
Proteus infections, 933-934 
bacteremia, 933 
treatment, 934 

Prothrombin, and bih'ary obstruction, 

1703 

in clioledocholitliiasis, 1717 
plasma, in liver disease, 162 
normal values, 1944 
and sfeatorrlica complication. 141 
and vitamin K, 162, 1693, 1702, 3714 


ProthromlMn consumption test, nature and 
Significance, 229 
normal value^ 1944 

Frothrooibin time, technique and signifi- 
cance. 227 

Protodiastolic gallop, 1409 
Protons and tadiation ininiy, 850 
Profoporphynn, 758, 759 
in erythrocytes, fi^ 211 
turnover per day, 202 
Pfotoposphyrin 9, typd Ilf, 202 
Pfotozoan diseases, 119&-1212 
Pruritns, 82-^4, 1658 
anal, 1658 
and antibiobcs, 1658 
m biliary cirrhosis, 153, 1691, 1692 
in chickenpox, 1167 
in choledochokthiasis, 1713 
and common duct obstruction, 1 597 
in cutaneous lymphoma, 1934 
m diabetes mcliitus, 83, 652 
in foot-and mouth disease, 1173 
from gold, 1914 
m hepatitis, 1675 
m mycosis iungoidel, 1934 
in outructive laundice, 1701 
in rabies, 1)50 
treatment, 153. 1691, 1714 
from worm infection, 1219 
Primtnsam, 1658 
Pseudoaoitie stenosis, 1435 
PscudoanboOavinosis, 533 
Pseudobulbar palsy, behavior in, 344 
Pseodocbolinestetasc deficiency. 427 
Pseudoeysfs, pancreatic. 1664 
complication, 166> 
differential diagnosis, 1665 
Pseudodubetic curve in glycogen storage 
disease, 773 

Pseudoepilhehomatous hyperplasia, 447 
Pseudohermaphroditism, 623 
Pseudohy^nrophic muscular dystrophy. 

Pseudohypoparathyroidism, 603-604 
Pseudomonas aenigmosa, 934-936, 1693 
Pseudomonas pseudomauei. 970 
Pseudomonas mfectaons. 934-936 
bronchiectasis and, 1 549 
management, 936 

Pseudomyxedema ift Chagas disease, 1207 
Fseudoneutosis, in encepnalitu lethargica, 
US4 

in schizophrenia, 370 
Fseudopapilledema, 419 
Fieudoparalysis, 1076 
Pseudopolyps and colitis, 1649, 1650 
treatment, 1652 

Pseudoreaction m Schick test. 983 
Pseudosarcomatous fasciitis, 447 
Pseudosclerosts of Westphal and StnimpeD 
(sec Hepatolenticular degeneration) 
Pseudotruncus arteriosus. 1428 
Pseudolamor cerebri, 419 
Fseudotnmor syndromes, 1820 
Psendoxanthoma elasticum, 1887-1688 
inheritance, 435, 1888 
Psittacosis, 1126-1128 
serologic finfirngs, 1128 
treatment, 1 128 
Psoas sign. 1033 
Psoriasis, 76 

fingernails in, 87 
keralimzalion in, 78 
racial mtidenro, 72 
seasonal incidence, 73 
Psoriatic aithnti^ 1916 
Psychasthenia, 395-397 
Psychiatric disorders, back pain and, 53 
incidence m diagnostic hospital, 391 
posttraumatic, 1805 
Psychiatric patient, testing, 1722 
Fsyebiatne syndromes, 368-369 
anxiety neurosis 390 
depression. 406 
differential diagnosis, 368-370 
hysteria, 397 

involutional tnelanchdla. 411 
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Psychiatric syndromes, lassitude, 333 
malingering, 405 
mama, 410 
neurasthenia, 383 
obsessive-compulsive neurosis, 395 
psychoneuroses, 3S3 

(See also Psychoncuroses) 
psychopathic personality, 404 
puerperal psychosis, 370-371 
schizophrenia, 362 
PsKhixtry, introduction, 235-239 
in regional enteritis management, 1630 
in ulcerative colitis, 1649, 1652 
Psychogenic rheumatism, 1922 
Psychogenic syncope, 305 
Psychological medicine, 237-239 
Psycliomotot epilepsy, 331 
Psychoneuroses, 237, 383-390 
anxiety state, 390-397 
depression in, 409 
hysteria. 397-404 
introduction, 237 
and irntablc colon syndrome, 1643 
obsessive-compulsive, 395 
phobic, 396-397 
psychasthenia, 395 
Psychopathic personality, 404-405 
Psychoses, m adrenal steroid therapy, 371. 
627 

from cerebral trauma, 1805 
and cerebrovascular accident, 142 
confusional. 354-362 
congestive heart failure and, 142 
constipation and urgency, 1644 
delirium, 355-358 
dementia (see Dementia) 
depression, 406-409 
endocrine, 371-372 
and foreign bodies in stomach, 1622 
and hyperparathyroidism, 142 
and hypotliyroidiim, 142 
Korsakoff, 348, 360. 1841 
manic-depressive, 359-360, 410-411 
with medical and surgical disease, 354- 
362 

in neuiosyyhihs, 1075 
paranoia, l71 
in pellagra, 1844 
puviperal (postpartum), 571 
schizophrenia, 362-370 
tlivtoid, 371-h2 
traumatic, 16QS 
and tuberculosis, 142 
in urinary tract disease, 142 
PsvchosQtnahc medicine, 2 3S 
PTA (see Plasma thromboplastin anteced- 
ent) 

PTC (see Plasma thromboplastin compo- 
nent) 

Pteroyiglutamic acid in pernicious anemia, 
1281 

Pterygium, 420 
Puberty, delayed onset, 666 
precocious, 274, 669, 676, 677 
with pineal tumors, 6SS 
ui polyostotic fibrous dv-splasia, 717 
Puerperal infections, clostnaial, 996-997 
Puerperal psychosis, 370-571 
PuJex irritans. 1103 

Pulmonary adenomatosis, bronchiolar carci- 
noma and, 1561 

Pulmonary alveolar proteinosis, 1530 
Puiraonary alvcolomicrolitliiasis, 1 331 
Pulmonary artery cnlaigemtnt, pulmonary 
hypertension and, 1417 
Pulmonary atelectasis (see Atelectasis) 
Pulmonary blood pressure, changes with 
age. 1417 

Pulmonary capillary bed, reduction, 1530 
Pulmonary capilbry pressure, measurement, 

95 

relation to pulmonary edema. 97 
PulmoMry cardiac failure, obesity and, 1 524 
Pulmonary cavitation in kicbsiella infec- 
tions, 939 

Pulmonary diffusion, anemia and. 1530 
disorders, 1526, 1527 
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rulmonary diffusion, lacton dcteraiining, Pulm 
1526 

impairment. 1 1 1 
measuicment, 11] 

Pulmonary diseases {see Lung diseases) 

Pulmonary edema, H7> 
acute, 13S2, H75 
acute tubular necrosis and, H94 
alieolar blocL and, 1 526, 1529 
clinical picture, l5S2 
diagnosis, 1 5S1 
digitalis and, 

glomerular nephritis and, H80 
irritating gases and, 1 5-12 
mechanism, 1382 
morphine and, 1583 
myocardial infarction and. HS3 
otygen and, 1383 
prevention, 1383 
trcabncnl, 1383 
lenesection and, 1383 
in clostridial infections, 997 
m colifoim bacteremia, 932 
in hepatocellular Beerosis, 1 64 
m poliomyelitis. 1144 
renal failure and, 1475 
salt poor human albumin infusion, 1638 
Pulmonary embolism, 1535 
amniotic fluid and. 1537 
decrease in pulmonary capillary bed and, 

1526 
fat, 1 537 
heparin and, I53S 
lung abscess and, 1554 
m poliomyelitis. 1145 
resembling myocardial infarction, 1454 
serotonin and, 1538 
Pulmonary granulomatosis, 1527, 1529, 

1547 

benllium and, 1547 

Pulmonary hemosiderosis, idiopathic, 1 572 
Pulmona^ hypertension, Wod flowm. 

congenital heart disease and, 1417 
effects, 1417 

with hypoaia 

mitral stenosis and, 
precordial pain and, 1417 
pninary, 1418. 153s 
distinction from mitral stenosis, 1438 
resistance m, 7417 
Pulmonary intaretion, 1535 
in bacteroides infecbons, 937 
diagnosis, 1536 
electrocardiogram and, 1535 
heart failure and, 1 394 
hemoptysis and, 123 
m poliomyehtis. 1145 
pr^isposing causes, 1536 
prevention, iS!6 
m psittacosis, 1128 

resembling myocardial infarction, 1535 
treatment, 1536 

Pulmonary infiltrate, diffuse, causes of. 1531 
Pulmonary mfiltratioo, asrans and, 1 556 
flutes and. 1556 
hooknorm and, 1556 
strong} loides and. 1556 
trichinosis and. 1556 
Pulmonary nodule, solitary, 1 561 
Pulmonary osteoarlhropatny in 
genic carcinoma, 1560 
Pulmonary pressure, elevation, 1537 
Pulmonary resection, 1 530 

decrease in pulmonary capillary bed and, 

1526 

Pulmonary resistance, 1557 
congenital anomalies and. 1533 
congestion of lunn and, 1538 
emphysema and, 1520 
hvpercapnia and, 1537 
liyposia and, 1557, 1558 
UTcvcrsible mcrcasc, 1537 
pol)othemia and. 1 537 
pulmonary blood flow and, 1533 
reversible incteave. 1537 
viscosity and, 1537 
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bronchicilasis and, 1330 
solitary palmODary liodule in, 1 56 1 
Pulmonary slenasd, 1429 
elcctrocaiiliogiaiii and, 1430 
hemodynamic measarcmcnls in, 1421 
X ray and, HI9 

Fulmnnary vaiocaMtciction, hypotb and, 
IIS 

Pulmonary venous drainage, anomalous 
(see Anomaloiu pulmonary venous 
OTsvnsgel 

Pulmonic insufEaency, H42 
runch-drank syndrome, 1803 
Purme, foods with high content, 767 
mctaholnm. 763 
Pum pouonine. 820 
Piirpurad), 1313-1318 
acute glomeiutoflcplintis and. 1481 
allngic. 1316-1317 
fever in. 67 

anaphylactoid, acute nephrrtis and, 1482 

■n choledoclioiiijiiasis, 1717 

in cinhosts, 1691 

in culanenus lymphoma, 1934 

definition. 1313 

■n dengue. 1 1 S9 

in diphtberra, 984 

drags causing, 221 

with dnglobiilinemu. 224 

Ebrni«ytir. 226 

licnoeh's. 1316 

m hepatitis, 1675 

idiopaibic (bcmonhagic encephalitis), 
1789 

with infcetioiis rrocesscs, 223 
in kidney disease. 223 
m hveednease, 223 
in lupvji erythematosns. 1893 
mechanical, 223 

m meningococcal infections, 925 
nonlbrombocytopcoic, 223, I316-1318 
classification (table), 13i7 
symplomatji^ 1317 
orthostatic. 223 
in pertussis. 956 
m polyartesilis nodosa, 1890 
tram quinine. 1202 
m nibdla, 1160 
Schoniein'^ 1316 
in scurvy, >40, 341 
in Siogien's syndrome, 1917 
srniptomalie, 223 
thrombocytopalhie. 1317 
(hiombocytopcnic. 1313-1316 
ctauifiraUon (table). 1315 
idiopathic, 1313 
in sarcoidosis, 1217 
sympioniilic, 1315 
treatment. 13(5^1316 
uremu and. 160 
in vitamin C deficiency. 223 
Porpura fntmmans. 223 
Purpura hemorrhagica. 1313 
Purpura hypeiglobutinemKa, 224, 1315 
Purpura simplex. 223. 1316 
Purpura tbrombobliea, 226 
Purpura vanolosa, 1164 
Pustules, 74 
nuiieoant, 973 
m secondaiy syphilis. 1071 
Puiamen, cavitation, 770 
Futamiiul bononhage, 1781 
FXC (seePseudnsanlhomaeVutieoni) 
Pyelography, for rpnlotai abscc^ 10^ 
in pyekmepbntis. 1038 
Pyeloncphntu, 1035-1039 
acute, 1037 

acute tubular necrosis and. 1495 
from Aerab3Cteracrogenes;931 
and appcndiotiv 1638 
causes, 749 

chronic, 1037. 148^1486 
age and sex in, 1485 
domerabr filtration and, HS6 
hypertenston sod. H8>, 1486 
rcuat blood flow and, 1436 


Psdopephritis, chronic, salt loss and, 
i486 

freafraent, 1186 

urinary tract obstruction and, 1185 
nhite cell casts and, 1186 
coliform, 951 
eclampsia and, M99. 
ftOTfi tschericKia cob. 931 
••chttcr-ceir' in. 1037 
l;rebS)cna.93S 

lupus erythematosus and, 1894 
snsftc\ioid(Kis,97V 
and necrotizing pamHilis, 1036 
nephrolithiasis and, 177 
frotji protcnl bacilli, 933_ 
from pseudomonas fcaciUl, 935 
Sh/geWa alkalMccns, 950 
streptococcal, 910 
treatment, 103S 
tuberculous. 1017 
typhoid, 942 
and urine eultnre, 1037 
Pylephlebitis, and abscess of liver, 1698 
and scute appendicitis. 1705 
m cholangitis, 1703 
and cholecystitis, 1712 
fever. 152 

and portal sem thrombosis, 1703 
Pyloric obstruction, nausea and vomiting, 
1 36. 1 37 

Psloiic stenosis, congenital hyperttophve, 
1621 

and indigestion, 126 
symptoms, and bezoarS. 1622 
tseatment, 1623 

Pyloropbity in pyloric stenosis, 1623 
Pyoeyanin, 934 
Pyocyst, 1570 

Pyoderma sngrcnosnm and cohtts, 1651 

Pyogenic abscess, 1670, 1698-1699 

Pyonephrosis, 1027 

Pyopncumoilioras, 1566 

PyTamida) tract, 239 

Pyram^dm, as cause of igranuloeylosis, 

poisoning, 819 
Py i xt inamide, 880 
hepatitis inductioa, 1704 
Pyieiu (see Fever) 

Pyndovine. and oral ulcer, 1581 
and pytaairtamide tovieity. 680 
reactions to Isrynuzid, 880 
Site of action la erythropoievis, 20s 
PyTidovine deficiency, 539. 771 
hypochromicanemu in, 1280 
Pyridoxine-respoiuive anemia, 205. 1230 
r>Tunethaniine for toxoplasmosis, 1209 
Pyioeatechol, 790 

Pyravic acid, metabolism, to acetyl jra- 
eneyme A and oxaloacetic acid, 4<S- 
479 

of glucose 6 phosphate to, 477*47.8 
regulation, 484 

synthesis of glytogen and glucose trow. 


Q fever, 1107-I10S 
heatment, 1105 
QRS, relation to T wave, 515 
QRS complex, 514 
QRS duration, 514 
QRS-T anew. 516 
Q S* time, 1407 
Q-T interval, 514 
Quadriplegia, 234, 246 
infantile, 1736 

B ueckenstedt test. 300 
uioattvnc (Alibtine\,and hepatitis, liU4 
in malaria, 1202 
reactions asvociated mth, 127} 

(See aJso Alabnnc) 

Qumidmt. anhythmias and. 1390 
atnal fibrillation and, 1396 
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Quinidme, contraindications to, 1196 
djiisa in heart block, H05 
premature beats and, I J96 
ventiicutar tacbjcaidn and, 1196 
Quinine in malana. 1202 
Quinine test for nt>otoni3, 239. 251 
Quinsy (pentonsillar abscess), 90S. 1031 


Rabbit fescr. 963 
(See also Tularemia) 

Rabies. 1149-1152 
animal icsenoin, 1149 
dumb, 1149 
furious. 1149 
immanizatiofl. 1151 
presention, 1151 
treatment. 1151 
Mfus. 1149 
Flury strain, 1151 
Race and sVm disease, 72 
Rachitic rosary, 551 
rad. S 50 

Radution, ancinia {oRossine, patliogennis, 
207 

in Cushins's syndrome, 620 
in etiology of neoplasms, 444 
ionuing, a 50 

in leukemia, <s etiolocic agent, 1 328 
astteatment, 1332 
in l}'mphoma, 1340 
in lymphosarcoma. 1620 
prevention, S>3 

protection against, by shielding of spleen, 
tsTos. 850 

Radiation fibrosis of lung. 1 52S 
Radiation iniuty, 850-655 
acute, 853 

Suid and eIcctroMe balance. 853 
management. 653 
bone marrow tnnsplantation, 853 
cerebral mdrome, 851 
clinical pnenomena after esposuie. 851 
decrease in r^ blood cell count, 852 
exposuie dose. 851 

e stromtatinal syndrome, 852 
matopoietic syndrome, 852 
lethal dme, 853 
longterm effects, 853 
mutation of genes, 8 54 
radium puisoning, 854 
resistance to infection, 852 
Radiation nephritis, 1506 
RadicuTat syndrome, 1627 
Radiculoendothcliosis, al\ealar<apillary 
block and. 1525, 1526 
Radioactitc iodine, angina pectoris and, 

1451 

in hypcftbyioidism, 589, 591-593 
side effects, 593 
in thyroid carcinoma. 596 
uptake, normal valua, 1945 
Radioactive phosphorus, in erythremia, 

1310 

in leukemia, 1332 
Radiochemical reaction, S50 
Radium, and bone metabolism, 700 
poisoning, 854 
Radon and lung tumors, 444 
Ragweed pollen in hay fever, 1260 
••Rake," 1204 

Ramsay Hunt syndrome, 293 
Randal] test (for sweating), SO 
Rash, in African tick-bome fever, 1102 
in Cha«s disease, 1207 
in chickenpox, 1167 
in Chikonfunw lever, 1194 
in CoxsaclieA infections. 1162 
in Coxsackie B infections, 1 1 62 
in dengue, 1189 
in echo virus infections, 1162 
in enteroviral infections, 1162 
in epidemic typhus, 1105 
in erythema mfectiosum, 1162 
tn glanders, 969 


Rash, in bepatitiL 1673 
dmg-indDced, 16SI 
lupotd, 1679 
in Icptospuosis, 1036 
in lupiss ciytliematosns, 1893 
in lympliix^ic cbmiomemo&Us, U37 
in lymphogranatoiiu venereum. 1 177 
m measles. 1158 
in melioidosis, 971 
in pblebolomas fever. 1191 
m pleurodyiua, 1131 
m poliomyelitis, 1 145 
m psittacosis, 1127 
in Q fever, IIOS 

in rat-bite fever (SpiVilluin tninui), 10S9 
in rebpsiDg fever, 1033 
in rheumatoid atthnlis, 1910 
m sickeltsialpoa. 1101 
in Rocky Mountain spotted fever, 1096- 
1097 

tn roseola Infanlum. 1162 

in Klcredcma, 1901 

in scrub typhus, 1 107 

in smallpoi. 1164 

alter smallpox vaccination, 1165 

in Stiirs disease, 1914 

in St^tobanllat moaililonnis infection, 

■n syphilis, 1071 
in toxoplasmosis. 1209 
tn trraanosomiisis, 1206 
in (uiaremu, 964 
m \Vesi Nile fever, 1192 
Rat-bit< fever. 69 
Spitillum minus. 976, 10S9-)C90 
treatment, 1090 

Streplohacif/us mtmilifonnis, 975-976 
Rats, tn melioidosis, 971 
m murine ty-phtis, 1103 
and pbgue. 966 

in rat bite fever (SpiriHum minus), 10S9 
tn St^tobaeSht moniii/oraiis infection, 

Rauwolfia, hypertension and, 1359 
in poisoning, 830 
reactions assoculed with, 1273 
"Ray fungus," 1053 
(See also Aetmomycosis) 

Raynaud's disease, 1)71 
tseatmcni, 1374 

Raynaud's phenomenon, 53, 1371 
m hemolytic anemias, 1288, 1290 
m lupus erythematosus. 1693 
m polyartcnUs nodosa, 1890 
sdcToderma and. 1897 
and Siogtcn's syndrome, 1917 
treatment, 1374 
unilateral, 53 

RBC (relative biologic effectiveness), 851 
Rcagins, 1257 
in syphilis. 1076 
Recessive tmt, definition. 430 
Recombination in viruses, 1109 
Recon, definition, 436 
Rectal constipation, 142 
Rectum, aWesses, 1034, 1650. 1652, 1653 
and anal disorders. 1644, 1658 
strainingat stool, 142 
biopsy, in aganglmnie sni^eolon. 164 1 
in schistosomiasis, 169a 
bleeding. 1646, 1650. 1653. 1655 
cancer, 132, 1654 
iitCKlencc, 1653 
symptoms, 1655 
carcinoids, 1653 
diseases, 1638-1659 
endometriosis 1653 
entesoeytomas, 1653 

exammatiois 129. 132, 141, 1579. 1591- 
1592. 1628, 1640-1641. 1654 
exudate, and diverticulihs 1646 
taQure to emptv contents, 1644 
hemanpomas, 1653 
imtability, 139 
Inomyomas, 1653 
lipomas, 1653 
lymphomas, 1653 


Rectum, masses, 1640 
obstruction. 1656-1659 
polyps, 1643 
(See also Polyps) 
prolapse in pertussis, 957 
sttictures in colitis, 1650, 1652 
tumors. 1640. 1652-1656 
urgency, 1643 
control, 1651 
in regional enteritis, 1623 
sudden onset, 1645 
in ulcerative proctitis, 164S 
voluntary fecal suppression, 1644, 1645 
Red corpuscles (see Erythrocytes) 

Redbugs, 1244 
Recd-Stemberg cells, 1338 
Reflex function, testing, 1721-1722 
Reflex sympathetic dystrophy (see Shoulder- 
hand syndrome) 

Reflexes, 239 

tendon, m hypothyroidism, 251, 586, 583 
Relsum's syndrome, 1871 
Regional enteritis (see Ententis) 
Regurgitation, in achalasia, 1 32 
acid, and indigestion, 124 
m acute dilatation of stomach, 1622 
air, and belching, 15S4 
bile. 1707 

in biliary cirrhosis, 1692 
and cancer, 1534, 1663 
m cardiospasm, 1587 
and dyxphagia, 133 
and esophagus, 1 584 
diverticub. 1583 
obstruction, 132 

m pharyngoesphsgeal diverticulum, 133 
in pyloiic stenosis, 1623 
and vomiting, 1584 
differentiation, 137 
Reiter’s ^drome, 1907-1909 
in bacillary dysentery, 1907 
and sbigellosii, 950 
treatnienf, 1909 
Relapsing fever, 1088-1089 
baiteiemia, fOSS 
ticatment, 1089 

Ren.,! artcrul narrowang, hypertension and, 

Renal artenal obstruction, causes, 1 364 
diagnovi), 1364 
Renal artery, occlusion, 1500 
Renal blood Bow, acute glomerulonephritis 
and, 1481 

acute tubular necrosis and, 1493 
cli’onic pyelonephritis and, I486 
Renal calculi (see Nephrolithiasis) 

Renal clearance deSniLon, 169 
prii.ciple, 169 

Renal cortex, hypertension and, 1351 
Renal diseases (see Xidnn diseases) 

Renal failure, acidosis and, 1476 
acute, in arsenic poisoning, 312 
m Asiatic cholera, 952 
in blackwater fever, 1201 
in cantharidcs poisonmg, 82! 
in caibon letiacVilonde poisoning, 821 
in clostridial infections, 997 
distinction from chronic, 179 
vn epidemic hemonUagic fevei, 1187 
m glomerulonephritis. 919 
in glycol poisoning, 824 
in malaria. 1201 
in metcury poisoning, 814 
in sulfonamide therapy, 870 
ID tumentioe poisoning, 830 
in yellow fever, 1185 
anemia and, 1476 
anorexia and, 1476 
in bacterial endocarditis, 1040 
causes, 170 

chronic, distinction from acute, 179 
compensatory changes, 171 
dehydration and, 1476 
dietary protein and, 1477 
and functioning renal mass, I474 
homeostasis and, 172 
hypercalcemia and, 175 
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Renal failure, ^5Te^PotlS!cmla and, 175 
hyi’ocalcemia and, 17$ 
lij-paphosplialemia and. 17$ 
liyTO]>ota«e»a and, 175 
in leptospircMS, 10S6 
m l»cf discaic, 153-1 59 
from loss of nephronJ, 171 
lupui eryllieniatosus and, ISOO, 1894 
nausea and, 1476 
obstruction and, 147$ 
potassium deflcicncy and, 171 
pulmonary edema and, 1475 
salt losing tj-pe, 1475 
sodium excretion and, 172 
sodium restriction and, 1475 
treatment vsilli sodium chloride, 1476 
water excretion in. 172 
in Wegener’s graniiloniatosis, 1900 
Renal wsufficiency, acute, in poisoning, 818 
m bacterial endocarditis, 1040 
causes. 170 

chronic, m amyloidosis, 784 
in metabolic acxlws. 470 
in clostndiai infections. 997 
Renal ischemia, acute tuoular necrosis and, 
H91 

Renal papillary necrosis, 1498 
Renal plasma Row’, measurement, 169 
Renal rickets (see Rickets) 

■Renal threshold,” 774 
Renal tubular aeidoiis 175 
citrate exaetion and, 177 
vith rickets or osteomabeia, 712-713 
Renal tubular fluid, compositioo, 163 
osmolality, 168 

Renal tiibulat necrosis (see Aeute tubular 
necrosis) 

Renal tubules, fiuid and electrolyte ex* 
change, 45$ 

in hepatolenticular degeneration, 769 
■ swan neck” deformity, 748 
Renal icin thrombosis, 1500 
Renin, hypertension and, 1 348 
".epQlanMtion, of (■ '** 

definition, 500 
speed, 504 
three facton altering, 504 
of ventrieular muscle. 503 
Residual lolumr, definition, 105 
Rewaanct. w w ftwj, 108, 109 
arterioles and, 134/ 
blood pressure and, 1347 
equation for, 93 

pulmonaiy (sec Pulmonary tesulanct) 
rekition to pressure and Sow. 93 
Resorcinol test, 776 
Respiration, 104-105 

(tceArtiSasi 
control, 1 12 
disiurbanees. 104 
and esophageal rupture, 15S9 
mtcgralion, 112 
Respirator, ciiirass, 1146 
Drmlet, 1577 
elceicoplirenic. 1146 

Respiratory acidosis. 467-469, 1575-1576 
diOcrentution from liypochloreimc alka 
losis, 1)90 

emphysema and, 1520 
hypcicapnu. 46S 

(See also flypcrcapnial 
Respiratory alkalosis, 471-472 
Respiratory center, idiopathic disease; 1 522 
Respiratory depression, emphysema and. 

Respiratory emergency, acute, 1 576 
Kcspiiatory failure, in bulbar poliomyelitis, 
1143 

from emphysema, 1 520 
infection and. 1576 
kyphoscoliosis and. 1524 
muscular dystrophy and, 1 523 
myasthenia grans and, i523 
trealmcnt, 1573 
surgical. 1576 

" raiory function, sfuilyr of. 107-112 
.atory obstruction, treatment, 1574 


Respiratory quotient, mebbolism and, 

189 _ . 

Respiratory hart diseases, 1503-1577 
achalasn and, 13Z 

aeute uiniidcrentuled respiratory disease, 
11)7-1118 
in appcodicitu, 1636 
common, 11)4 k 1122 
classificatton, 1115-1116 
complications II2I 
irnmnnity, 1)21 
prevenbm, 1121-1122 
treatment, 1122 

ley er with progtcssive dyspnea and, I $03 
neuromuscular disorders and, 1523 
presenting problem^ 1503 
respiialory uisuSincncy, therapy, t57>- 
1577 

sudden dyspnea and, 1508 
nppet respiratoiy tract, 1511-1514 
itral, 1114-1128 
in Ural hepatitis, 1673 
S ray findings in, 1503 
(See also Lung diseas e s; rneumonia, 
other specific sites and disorrlert} 
Restiictiie diieasetof lune, 1521-1524 
arterial CO, tension and, 1521 
muiciibt, i>22 
neurolagtc, 1522 
neuramusevlar, 1522 
Retarded eliiM (see Mental irtirdation) 
Reticulocytes, normal values, 1945 
Rctieulocytosis m Laeenec’r cinliosis, 1637 
Reticutoendoihelial system, and bilinibio, 
146, 14? 

celts in granulomatous hepatitis, 1633 
diseases. 773, 782, 1335-1338 
lit Caucfia's disease, 1696 
m mfeelious mononucleosis. 1682 
hpids and hepatic lesion^ 1696 
in Nicmait Pick disease, 1696 
proliferation in viral bepatilir, 1672 
Retiealoendoiheboscs of lung, ) 528 
Retieulum<ell saceoixa, 1338 
gastric. 1620 
of mediastinum, ly72 
of nasal pliarynx, 1512 
retropcTitoneal Ivmph nodes. 1632 
Retiru, angioid streaks in, 1887 
cbtnMy, h’fpetVttwftw and. 1555 
dclrclimenl, in Madao ryndrome, 1834 
in pertussis. 957 
pigmentary degcnention. 1872 
Retinal hemonhage, ut polyarttniia nodosa. 
1890 

m pseudoxanthoma ebslicum, 1887 
Retinitis pigmentosa. 419 
M nxogcB/lt} 
differential dia^osis.419 
Retinoblastoma, familial incidence. 443 
Rctinoclioroidilis (sec Uveitis) 

Retinopathy, diabetic, 638. 655-656 
Retrobulbar abscess, 1512 
Retrobulbar neuritis, Detic's neutomyclitis 
optica, 1636 
multiple sileiosis, 1833 
Retrobulbar pmropalhy, 1843 
Retroperitoneal amoess, 1033 
Retropenloneal disease, back pain and, 51 
Retropharyngeal abscess. 1032 
Rcierse cmrctation, 1367 
Reveisible obstnictjve lung disease, 1514 
Rh blood group system, 4 37 
Rlubdomyoma o( heart in lubennis sclero- 
sis. 1733 

Rliabdomyossrcoma, 743 
of nasal pharynx, I5I2 
Rheumatic feser, 914-918 
acute. electnxWiogia^ie changes, 915 
iFcatment. 917 
carditis m, 914 
diagiiosis,9I6-9l7 
fcier iiL 67 
peticarditii and, 1470 
relationship to ehofO. 915 
Rheumatic heart disease (see Heart dis- 
ease) 


Rheumatism, 1902 
definition 1902 
nonarticular, 1922 
(See also Tibrositis) 
palmdromic, 1921 
psychogenic, 1922 
Rheumatoid arthritis (see Arthritis) 
Rheumatoid factor, Ivll 
m Fcity's syndrome, 1916 
in rheumatoid arthritis, 1911 
in rheumatoid spondylitis. 1915 
in Sjogren's syndrome, 1917 
m Stni't disease, 1915 
test for, 1911 

Rheumatoid nodules, 1910 
Rheumatoid spondylitis, 1915-1916 
back pam and. 50 
respiratory effects, 1525 
Rhinitis, allergic, 1259 
in congenita) ssphiNs, 1076 
sasomotor, 1260 
Rhinophyma, 1 512 
Uhinonliea, eeitbiospinal, 1511 
Rlimoscleroma. 1 512 
Rhinospondiosis, 1067, 1512 
treatment. 1068 
Rlimosporirfiuni rceberi, 1067 
Rhipicep/iafuj appevdicuhm, 1 102 
Rhipicephalus sanguineus, 1103 
ftliiropus oryzae, 1063 
Rhirotomy, pam and, 17 
Riboflavin, human requirements, 537 
andonl ulcer, 1581 
Ribonucleic acid, 763 
role in genetics. 436 
Ribs, tumors, 1570 
Ricc diet, hvpeitension and, 1357 
'■Rice water ’ itoc!$,952 
Rich weed, 826 
Rieinism, 822 
Rickets, 550-552 
adult (see Osteomalacia) 
bone diiocders m, 703-715 
diagnosis. 709-710 
in fanconi syndrome, 749 
and hypophosphatasw, 720 
oral roentgen findings. 1582 
and osteomalacia, differentiated, 550, 
702. 708.7/0 
imaVOlO.Ol’i 

with renal tubular acidosis, 712-713 
treatment, 710-711 
vitamin D resistant, 550, 552, 7 1 3 
Fanconi syndrome in, 713 
inheritance, 434 
Rickcttsia(s), 1090 

(See also specific nckettsmses) 
fJrir/, }iM 

Rickettsia bumeti, 1 107 
Rickettsia mooseri, 1 1 02 
Rickettsia prnuaaek; 1105 
Rirkettsia rickeltsii, 1095 
Rickettsia Isulnigzmushr, 1106 
Rickettsia typhi. 1)02 
Ricketlsulpox, 1101-1102 
Riekcttsioscs, 1090-1108 
history, 1092 
tabulation, 1091 
Riedel s struma, 593 
Rift Valley fever. 1195 
Right aortic arch, 1432 
Right to-left shunt, 1426 
congenital heart disease and, 1415 
Right-sided heart failure, 1 331 
Right ventricle, angina pectoris and, 34 
coronary blood flow and, 33 
Right vcnincular failure, cor pulmonale 
and, J 538 

Right ventricular hypertrophy, cor pul- 
monale and, 1558 
clcctrocardicmm and, $1 j 
epigastric pulsations and, 1406 
pulmonary hypertension and, 1417 
recognition of. 1406 
Rigidity of muscles, 243, 254 
deceicbralc, 253 
in hepatic coma, 157 



Rigor (see Chill) 

Ring forms in malaria, 1199 
Ringivorm, 1935 
atilhiopophilic, 1935 
of feet. 1936, 1937 
treatment, 1937-1938 
involving nails, 193S-I939 
outgrowing. 1939 
treatment, 1936 
zoophilic, 1933 
Ristocetin (spontin), 877 
Risus sardonicus, 989 

Rocky Mountain spotted fever, 1095-1101 
complications. 1100 
prevention, 1100 
treatment. 1098 
Roentgen (r), 850 
Roentgenography (s. . 

Rogoff's sign, bach pan 
Rolandic coitex, 352 
Romana’s sign m Chagas disease, 1207 
Rosacea, 76 
"Rose spots," 941 
Roseola vaccinatum, 1165 
Rosenbaeh’s disease (erysipeloid), 981 
Roseola infantum, 1161-1162 
congenital, 1160 
rofchlicimet spots, 1160 
virus. 1160 
Roth spot, 1040 
"Rosy" chlorotics, 201 
Rubella, 1160-1161 
Rubeola, 1 1 57 
(See also Measles) 

Rumpel Leede phenomenon, 1097 


Saber shins In congenital syphilis, 1076 
Sabin dye test, 1203 
Saccular aneurysm, 1783 
Sacroiliac sprain, baeV pain and, 49 
St. Louis enecplialitis, 1155 
Sait's trud, interprctatioR, 1579 
Saleh (see Leishmaniasis, cutaneous) 
Salicylates, in acute rheumatic fever, 918 
in biliary dyskinesia, 1716 
as cause of bleeding, 224 
contraindication in tvphoid, 944 
and gastric ulcer, 1609 
and gasttoifttestinal hemorthage, 1609, 
1610 

nephrolithiasis and. 177 
reactions associated with, 1273 
in rheumatoid arthritis, 1912 
Salicylazosulfapyridme in colitis manage- 
ment. 165i, 1632 
Salicyhsm, 829 
Salisbury vims, 1115 
Salivary gbnd, in mumps, 1 180 
in Siogrcn's syndrome, 1917 
Salivary ^and virus, 1183 
Salivation, in botulism, 994 
in cardiospasm, 1587 
m foot-and mouth disease, 1173 
and liartbum, 1583-1584 
in mercury poisoning. 814 
in Sjogren’s syndrome, 1917 
Salk vaccine, 1147 
Salmonella, 946-947 
Salmonella frohosa, 939 
earners, 940 

Salmonella infections, 946-949 
bacteremia in, 94S 
earner state, 943 
and cholecystitis. 1717 
and dirnlieo, 140 
lever in, 66 
and hepatitis, 1682 
and iaundicc, 1682 
in newborn infants, 943 
predisposition to, 947 
and pyogenic abscess of liver, 1693 
in relapsing fever, lOSS 
secondary, m hartonellosis, 977 
treatment, 943 

Satmonellosv* (tee Salmonella infections) 


Salpingitis, appendidtis differentlalion, 
1638 

gonococcal, 929 
tubercnloiis, 1018 
Salt deficit, 459 
in excess of watd deficit. 459 
Isotonic, 450 

Salt depletion syndrome, 154, 16SS 
in heart failure, 1390 
Saltlosmg nephritic 1476 
SandSy as vector, of leishmaniasis, 1202 
of phlebotoinus fevm, 1 191 
SandOy fever (sec fhldiotomus fever) 
Sarcoidosis, 1246-1248 
alveolar-capillary blod: and, 1 526 
diagnosu, 1248 
emphysema and, 1518 
etiology and epiaemiology, 1246 
fever in. 63 

granulomatoDS reacKon, 1683 
healing, and curbosis, 1695 
of heart, 1464 
hypercalcemia and, 606 
lacnmal glands add. 418 
manifestations. I246-I24S 
pulmonary, 1 527 
Ireatment, 3248 
Sarcoma, fever in, 67-68 
gastric. 1620 

Kaposi's, racial difference, 72 
osteogenic, 720 
m Paget's disease, 719 
"Saturday night paralj^is," 58 
5BE (see Endocarditis, bacterul, subacute) 
Scabies, 76 
Scabs, f5 

Scalenus fat pad biopsy, 231 
Scales (shin), 75 
Scaphocephaly. 1727 
Scarlet fever, 905-908 
oral Endings, 1582 
Scars, culaneotis. 75 
ScliauRiann's bodies, 1025, 1246 
Schtek test. 983 
Schilda's oisease, 1837 
Schilling test, 1284 
normal values, 1946 
Schistosoma /aponica, 1228, 1694-1695 
Schistosoma tnansom, 1225, 1694 
Schistosomal dysentery, 1226 
Schistosome dermatitis, 1229 
Schistosomiasis, 1225-1230 
cor pulmonale and, 1538 
eastein, 1228 

epidemiologr and control, 1225-1226 
fever in, 67 
genitourinary, 1228 
heart disease and, 1465 
and hemorthage. 144 
and hepatic arthosis, 1694-1695 
Schistosomiasis hacmalobio. 1228-1229 
Schistosoffiusis japonica, 1223 
Schistosomiasis mansom. 1226-1223 
Schizencephaly, 1728 
Schizoaffective disorder, 367 
Schizophrenia, 362-370 
in alcoholism, 600 
causation, thermes. 363 
clmical iDanifcstabons. 364 
her^ity, 362-563 . 
with illness. 359-360 
psvcbopatholw, 363 
Schicsinget’s test, 143. 204 
Sehmmdie tumor, 1825 
Schneeberg carcinoma, 444 
SclvOnletn’t putpon, 1316 
SchGller-Chnslian disease (see Hand Schul- 
ler-Chtislian disease) 

Scutic nene, diseases. 1680 
Sciatic neuritis, 1876 

Scleras, blue, osteogenesis imperfecta and, 
I5S7 

Scleredema. 1901 
treatment. 1901 
SelcToderma. 7S9, 1S96-1S99 
alveolat-rapnia^ blocL and. 1526 
den^ signs. 1SS2 


LNDEX f53 

Scleroderma, esophageal involv ernent, 1 SSS- 
15S9 

and dj-sphagia, 133. 15SS 
heart disease and, 1464 
lung and, 1 529 

malignant hypertension and, 1501 
Raynaud's phenomenon and, 1371 
renal disease and. 1501 
resembling constrictive pericarditis. 1472 
treatment, 1893 
Scleromalaaa perforans, 1910 
Sclerosis, multiple (see Multiple sclerosis) 
primary lateral, 1669 
progressive systemic (see Scleroderma) 
Scoliosis, chronic empyema and, 1S5S 
Scopolamine, poisoning, 819 
reactions associated nitli, 1273 
Scorbutic rosary, 540 
Scorpions, 1241-1244 
Scotomas. 416 
and biliary dyskinesia, 1716 
Scrofula, 1017 
Scrub typhus, 1106-1107 
licart disease and, 1465 
treatment, 1107 
Scuba diving (see Skin diving) 

Scurvy, 539-541 
anemia in, 540 
diagnosis, 541 
svnvptovnatology, 539-540 
treatment, 541 
Sea anemone lime, 1245 
Sea urchin sting, 1245 
"Seasoning” in bacillarv dysentery. 950 
Seatworm infection, 1219 
Sebaceous glands, 85 
Sebonbea, 65 

Seborrheic dcrmatitiJ, "6, 84, 1927 
Sebum, 80 

Sedimentation rate, arthritis and, 1906 
normal values, 1945 
Sedormid as cause of Ihiotnbocytopenic 
purpura, 1 314 
Seizures. 329-343 
in hyslcna, 400 
(See also Convulsions) 

Selenium poisoning, 86 
Seiiwanoff reaction. 776 
Sella rurcica, enlargement, 566, 620 
Senilil:i roresl virus. 1194 
Semple's vaccine. 1151 
Sencjr Usher lyndtomc, 1929 
Seniiio (ragwort poison). 1703, 1704 
Senth arthntis (see Osteoirlliriiis) 

Senile dementia, 359, 1835 
Strokes and. 1792 
Senile heart, 1578 
cototiaty disease and, 1443 
Senili tremor, 244 
Sensei testing, 262-265 

diiaiminatory futielions, 265 
Sensory disorders, 260-268 
amtoiny. 260 

m Brown Sepuard syndrome, 266 
clinical examination, 262-265 
m combined system disease, 266 
cutaneous maps, 260-261 
peripheral nerve, 265 
polvflturopathy. 266 
synngomvehc, 267 
tabetic. 266 ^ 

Sensory nerves, 260-261 
Sensory seizures, cpilepfie, 332-333 
Septal hemaniioma, 1512 
Scrticcmia, adrenal hemonhaje and, 616 
SccjMcsl'uin, 897 

Scnucstration, pulmonary. 1554, 1 530. 1 561 
Seiochc. 846. 1 508 
SeroBbiinoiiv pletiniy, 1 564 
Setologic test for nphilii (STS). 1076 
false positive, 17(17, 1906 
ana Input cntheinatoiui, JS95 
m tat bile fever, 1090 
after vacnnation. 1165 
in pinta, I0S4 

in Sfffptohaciffos moniliformis infcc- 
lion, 976 



Scrolo^'e tfjt fof lypluTis (STS), in y3«. 

Serotonin, 754 
in lutbma, 1264 
blood pressure and, 1543 
liepaiin rod, 1553 
rnetabolisni, anaph)l3xu, 755 
rod carcinoid Tyndtome. 753-753 
caidioi-ascular rcnil, 755 
central nenous system. 755 
sastroinfesbnal tract. 754 
metabolic pathway, 754 
physiology and pharmacology, 754 
smooth muscle, 755 
Serous Cuids, nonnal values. 1946 
Sertoli cells, 664 

Scrum, carotene content and fat absorption, 
141 

in hepatic coma. 153 
water content, 450 
Seram albumin (see .Alhuroin) 

Serum aHaline phosphatase (see Allaline 
pliOspHatast) 

Smm globulin (see Clobulin) 

Seram hepatitis, 1675 
Scrum neuritis, 1S76 

Seram protlirombm coenertion accelerator 
fSPCA).219 
deficiency, 225 
Scram sickness, 1263-1269 
as cause of lymph nede enlargement, 251 
in tetanus, 990 

Scram transaminase* (see Transaminase) 
Seven-jwr Itch," 84 

Sea chromatin mass in cells from buccal 
smears. 452 

SeS'linked dominant tnit, 454 
Sea-linked Kcctsiie trait, 453 
Seaual function, autonomic disturbance*, 
275 

Sexual precocity, in nenous disorders, 274 
in osteitu fibrosa loealiaata. 719 
in polioitotie fibrous dysplasia. 717 
(See also Puberty, precocious) 

Sham ra;e, 275 
Shark ikm in pellagra. 545 
Sheehan's syndrome, 565,6/6 
ShigeDa bseilli, 949-951 
fecal, in dianhea, HO 
reaistjot to suUonamidca, 951 
speein. 949 ^ 

Shigella infections, 949-951 
canters, 949 
immuciiution. 951 
proention, 951 
praph)la*is,95I 
and Reiter'* tyudtorae, 9 50 
treatment, 951 

Shigellosis (see Shigella infections) 

Shingles (see Herpes zostn) 

Shiienng. 833 

Shock, and appendicitis, 1657 
baclercmic, 952 
bacterial, 932 
and blood pressure, 145 
and cancer, 1646 
in cotiiorm bacteremia, 952 
m decompression sickness, 844 
in diphtheria, 987 
in diverticulitis, 1646 
m duodenal ulcer, 1600 
electric, 855-857 
m enterocolitis. 1657, 1658 
in epidemic hcwoTrlianc fever, 1187 
m epidemic typhus, 1 105 
esophageal rupture. 1589 
in gas gangrene, 996 
gastric dilatation, 1625 
mgastrnis, 1618 
in ii lafiuenzae infections, 955 
hematemens, 145 
hemorrhagic, 145, 145, 1600, 1618 
hcpatotcnil svndrome, 159 
in inflncnra 1124 
after mtcilinal infarction 1634 
inleitinal obslniction, 1634. 1616 
inelctij, 145 


Shock, m menmsoeaccat uifections, 926 
m M ima pi>hmioipha tnfccliont, 972 
m munne typhus, 1104 
myocardial infarction and, 1452, 1455, 
H56 

in paneteatitu, 1662 
penpheralntculatoiTfaduie, tCO-105 
m mUoDiYclitu. 1146 
in Kocky Klountain spotted fever, 1096 
in sigmoid xcdvntus, 1650 
spinal, 245 

Shock tlicnpy, acadeats in, 856 
m depressne psychoses, 411 
Shoulder hand syndrome, 53, 59, 1925 
causes, 54 

myocardial mfafction and, 1454, 1456 
treatment. 56 

Shunts, >n c^bropoiesis, 2H 
inlratardiac, cardiac catlicieruation and, 
1420 

left to-right. HI5, 1425 
nght to-left, 1415. 1426 
Shwaitaman scattion. 1169 
Siaionhea. 1551 
m mercury poisoning, 814 
Sickle-eeil anemu (seeAnemu) 
Sidetophihn. 205 
iron traiMiet, 147 
Sidcrosu, 1544 
Sigmoid colon (tee Colon) 

Sigmoidoscom, m colitis, 1650 
colonic polyps. 1642 
ileocolitis. 1649 
Silicosis, 1544-1543 
alveofst-capiliaryblock and, 1526 
cor pulmonale and. 1546 
emphysema and. 1518 
maisne fibrous and. 1546 
nodubtion and, 1544 
pulmonary fonctino and. 1513, 1546 
tubereulosis and, 1546 
Silo filier a disease, 1512 
Silver nitrate poisooing, 814 
Silver poisomn*, 814 
SimmonJs' disease 565. 1505 
Singer's nodule 1514 
Singultus, 1567 
Sinus, frontal, osteoma. 1512 
paranasal, diseases, 1512 
Sinus arrhythmia, 1597 
Sinus bradycardia, 1405 
Sinus tachycardia, 1599 
Sines tracts, spinal. 1759 
Sinos of Valsalva, aneon'sm. 1 563 
rapture resembling aortK msulficiencv, 
1456 

SiBusitu, 1515 
an travel of palienlL 849 
bnin abscess and. 1515 
bronchiectasis and. 1515, 1550 
in glanders. 969 
Kaitageoer'* syndrome m. 1 549 
monimg hendaclie and. 24 
rtiepCococcal. 90S 
and nbdoral abscess. 1046 
m \\ egencr'a granolinDatoits, 1900 
Sinusoids, bile iroux into. 150 
m tnfertionsinononueleosis. 1632 
Sirkan disease (see Lcuhmaniass, visceral) 
Situs tnstises. 1452 
Siogrcsi’s ducase 1581 
Siogien's syndrome I9I7-I9IS 
m assonabon urth other disorders 
1917 

and Hashimoto** disease, 1917 
Ucr imal glands and, 4 1 S 
and lupus erytbematosDS. 1894 
treatment, 1918 
Skm, 71-83 

abiceu (see Abscess, cutaneous) 
m anemia, 209 
in arsenic poisoning, 812 
arterial spsden. 156 
bihvcrdm Imting, 155. 1701 
cancer, 1954 
and aging. 72 
relabse incideiice,444 


Skin, changes in. svitli age, 72 
patliologic, 77-78 
pigmenuiT, 82 
ciupping, 82 

in cinhoiis, biliary, 155, 1692, 1695 
m colitis, 1651 
color, signiSeanee, 201 
in cretinism, 535 
in diagnosis of coma, 51 5 
dryness. 81-82 
in erythema moltifonne. 1651 
in erythema coilosum, 1651 
function, 78-79 

hyKikeiatQ'is m avitaminosis A, 545 
in nvpeTthyroidum, 590 
m hy^paiathyroidism, 601 
in laundicc, 146 
(See aim Janndice) 
lesions, 75-‘/6 
arrangement, 75 
m brnoitsm, 820 
cUisification, 75-75 
tcmfituntion. 75 
dutriontion, 75 
in leprosy, 1021 
in meningococcal disease, 925 
nodular tobetoos, 1695 
and Iner fonction, 156, 1692. 1695 
melanotic deposits. 155, 1692 
in myredetna. SS6 
oily. 85 
pain in. 15 

pi^en’atjon (see Pigmentatien ) 
py^erma gangrenomm, 1651 
radiation miury. 852 

reactiont to various drvp (bble). 1272- 
127J 

m scleroderma 1597 
itraeturt, 77-,9 

teroperatnie. artfful insuScicney aon. 
1576 

thickening in aeromcpiy, 563 
tumors, 1910 

uteei* (see Uket. eetanemss) 
snthomafoiis, 155. 1691-1695 
Skin diseases, allergic, t26&-1267 
biewy m ougnosis, 77 
bullous, 74 

classification o! laiemt in. 75-75 
f amJy history in, 72 
geognphicdutrisution. 72 
influettee of climate, 72 
infiDcnee of race, 72 
laboratory testa in diagnosis, 77-81 
macnlar, 74 
medical hiitory in, 71 
papular, 74 
pustular, 74 
and aamnf, 75 
seasonal incidence. 72 
strepU>cncal,909 
urtieanal, 74 
vesicular, 74 
vita), n>7-n75 
Skm diving, accidents, 842 
medical complications, 841 
physical examination, 845 
quality of air supply, 845 
specific prohlani, S4> 

SVm tests, 89-81 

in .Amencan mneocotaoeous leishmaoa- 
sis. 1294 

m blastomyccBii, 1056 
til btuccUosis, 961 
in cat -scratch disease. 11/8 
in chatiCToid, 959 
in coeadioidomycosis. 1058 
in cutaneous leishmaniasis. 1205 
in dugnosis of mfcctioni, 667 
in diphtheria. 985 
Duacy'i. 959 
Fernandez. 1022 
in glandcis, 9T0 ^ 

m granuloma ineiuoale. 978 
m fiiy lever. 1261-1262 

in hivtopLiimoiii, 1060 
fntradcimal, 60 
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Slin tests, lepromin, 1022 
in leprosy, 1022 

in lymphogranuloma venereum, 1177 

Mantoux, lQ06 

Mitsuda, 1022 

Montenegro, 1204 

in mumps, 1181 

patch, 80 

in toxoplasmosis, 1209 
tubertnlm, 1006 
in tuberculosis, 1006 
in tularemia, 965 
Slull, abnormalities, 1726-17J2 
deformities. 1727-1728 
fracture, 1796-1797 
headache and, 24 
lesions, in Paget’s disease, 718 
m polyostotic fibrous dysplasia, 717 
osteomyelitis of, 1512 
SLE (see Lupus erythematosus) 

Sleep, 321-329 

anatomy and physiology, 322-323 
anginal attacks during, 1444 
automatism, 325 
definition, 312 
disorders, diagnosis, 327 
treatment, 327 
lack of, effects, 323 
normal patterns, 321 
reversal of rhythm, 326 
Sleep palsies, 327 

Sleeping sickness, African (see Trypano- 
somiasis) 

viral (see Encephalitis lethargical 
Small intestine, argenta£ne turnon, 1632 
cancer, 1632 

and colon, contraction frequency. 1639 
diverticulosis, 1641 
nonspecific involvement, 1650 
diseases, 1624-1636 
enteritis, 1626-1631 
motor disturbances, 1625 
obstruction, gallstone ileus incidence, 

1714 

mechanical, 1634 

pneumatosis mtoides intestinalis, 1631 
polypoids, 79o, 1622 

propulsive activity afCes cold liquids, 1651 
stasis, 1626 
tumors, 1631-1633 
Whipple's disease, 1631 
(See also Duodenum: Ileum; Jejunum) 
Smallpox, 1163-1165 
Alastiim. 1164 
benign, 1164 
black, h64 
confluent, 1164 
encephalitis. 1164 
hemorrhagic, 1164 
modified, 1164 
serologic reactions, 1165 
treatment, 1165 
vaccination, 1 165 
(See also Vaccinia) 
vaccine, 1165 
avunized, 1165 
viremia in, ll65 
Smell, sense of (see Olfaction) 

Smog, 829 

"Smoke” poisoning, 829 
Smoking, angina pectoris and, 1449 
atherosclerosis and, 1363 
bronchia! obstruction and. 1574 
bronchogenic carcinoma and, 1560 
chronic bronchitis and, 1517 
digestive tract function and, 130 
emphysema and, 1518 
irritable colon and, 1644 
lung cancer and, 444, 1 560 
Snakebites. 1235-1240 
Snake venoms, hemorrhagic effect, 223 
Snakcroot, 826 
Sodium, in bone, 455 
deficiency (see Hyponatremia) 
excretion, adrenal cortex and, 1 54 
potassium excretion and, 175 
renal failure and, 172 


Sodium, hrpetteiuion and, 1351, 1357 
loss of, m dehydrabon, 459-460 
plasma, in Dcuramoscular disorders, 249 
restncUon, heart faitare and, 1385 
tn Laennec’a cinhosis, 1688 
renal fadnre and, 1475 
letentiOD, 183 

acute ^menilonephntu asid, H80 
and aldosterone, 154 
and astites. 154, 1688 
and edema, 155 
mechanism, 1389 
nephrosis and, 1489 
after prednisone, 1688 
serum, in liver disease, 155 
normal values. 1944 
suhsbtules for, 1386 
and sn cat, bronchiectasis and, 1550 
cystic fibrosis and, 1550 
lianspoit. efiect of vasopressin, 577 
(See aiso under Salt) 

Sodium Amytal m depressive psychoses. 412 
Sodium antimony tartrate in Imhmaniasis, 
1204 


metabolic acidosis induced with, 472-473 
Sodium chloride, in heat cramps, 834 
in treatment of renal failnte, 1476 
Sodium dipbylhydantoinatc and hepatitis, 
1704 

Sodium hypochlorite poisoning, 820 
Sodium salts and osmolality or extiacellulir 
fluid. 451 
Solanine, 829 

Solar radiatioo, aotirachibc properties of, 
550 

Solustibosm in Lala-azar, 1203 
Solute diuresis, 171 
renal failure and, 171 

Somatotropic hormone (see Growth hor- 
mone) 

Somnambulism, 325 

Somnolence, in encephalitis tetbargica. 1 1 54 
with hypoxia and n^etcapnia, 1521 
m PicLuicLtan syndrome, 1525 
Somnolent-ophihalnioplegie syndrome, 1 1 54 
Somnolcscent starts, 324 
“Sore elbow," 1024 

Sore throat, differential diagnosis, 907-908 
streptococcal, 905 
(See also Pharyngibs) 

SouDia, 1205 

South Afria, heart disease in, 1464 

Spanish files, 821 

Sparganosis. 1233 

Spanne, 1705 

Spasrofs), abdominal, 1638 

intestinal strangulatiou, 1634 
and pain localiaabon, 1638 
anal sphinctenc, in voluntary defecation 
suppiession, 1645 
in appendialis, 1637. 1638 
of arteries and arterioles, 1 371-1372 
and adynamic ileus 1633 
and biliary cube, 1707, 1710 
in biliary dyskinesia, 1/16 
in cholecystitis, 1711 
in choledodiolithiasis. 1713 
in divcrticnliti^ 1640. 1645 
duodenal, 1626 

and neurogenic nausea, 1716 
after opiates, 1715 
csophaged, and dysphagia, 132, 133, 

1586 

(See also Cardiospasm) 
of eydids, 257 
and gastric ohstnicbon, 1603 
habit, 246, 257 
hemifacial, 245, 257 
hepatic ducts, and laundice, 171 1 
in ileocohlis, 1649 
m inilabic colon syndrome, 1644 
myotonia. 250 
and paralysis, 236 
in panaeatitiS, 1662 
in pytoiK $tcno»s, 1623 


Spasm($), and rebound tenderness, 124 
sphincter of Oddi, 1662 
spider bite. 250 
tetanus, 250 
tetany, 249 

in ulcerative colib's, 1643 
in viral hepatitis, 1674 
Spasmodic torticollis, 246, 256, 1866 
Spasmus nutans, 246, 257 
Spasticity, 245, 254 
alpha vs gamma, 254 
contiasted xvith rigidity, 243 
SPCA (see Serum prothrombin conversion 
accelerator) 

Specific gravity and osmolality, 172 
Speech, IQ acromegaly, 568 
anatomy of, 374-375 
cerebral dominance and, 375 
development of, 373-374 
m myxedema, 586 
Speech disorders, 372-383 
aphasia, 376-378 
bram damage causing, 374-375 
m children. 378-379 
in delirium, 357 
diagnosis, 38I-3S2 
dysarthria, 380 
dysphonia, 381 

frontal lobe disorders and, 346 
stuttering, 379 
syndromes, 374, 376, 577 
treatment, 382 
' Speed reaction,” 1 306 
Spermatogenesis, suppression by Criseoful 
vm, 879 

Spherocytic anemia, 1295 
Spherocytosis, in clostridial infections, 998 
hereditary, 1295-1296 
Sphincter of Oddi, fibrosis, postcholeeystec 
tomy, 1717 
and opiates, 1716 
resistance, manometry, 173 1 
spasm, and pancreatibs, 1662 
Sphingolipids in Gaucher s disease, 1 337 
Sphingomyelin, 778, 780, 782 
Spider sn^^omas and gastrointestinal bleed 

Spider ^’ites,, 1241-1244 
abuomina! pam and, 43 
(See also Black widow spider) 

Spider Qcvi, 1 56 

and amyloidosis, 1696 
and endocrine disorders. 157 
m hepatitis, 1673, 1675 
In Laennec B cirrhosis, 1686 
Spielmeyer Vogt’s disease, 1860 
Spina bifida, with Arnold Chian malforma- 
tion. 1726 
back pain and, 43 
Spma bifida occulta, 1730 
Spinal cord, compression, 1827 
injury, 1809-1811 

subacute combined degeneration of spinal 
cord and brain, 1845-1847 
sensory changes. 265-266 
tumors, 1811-1829 
Spinal Quid (see CCTcbrospinal fluid) 

■■ >mal sens 

partial, 1 

Spinal shock, 243 
Spinal sinus tracts, 1730 
Spine, abnormalilies. 172S-1734 
malformations, 1725 
Spirochetal diseases, 1068-1090 
Spirochetosis, 106^1090 
Spirograms, normal and abnormal, 107 
Spironolactone, action, 13S9 
Splanchmcccfomy m pancreatitis, 1666 
Spleen, abscess, 1032 
amebic, 1198 
in anemia, 209 

congenital absence, 1335-1336 
congenita! anomalies, 1335 
cysts. 254 

diseases, 1 335-1 33S 
enlargement (sec Splenomegaly) 
extramedullary blood formation in. 232 
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Spleen, functions. 2J2-2J3 

bCTTUloma, 10i2 

infarction. 10^D. 1355 
in air travel, 6i9 
in polyarteritia nodosa, 1891 
iron snculxrfism far, 232 
metastatic foci and hepatic abscess, 1699 
nios-able, I33> 

palpation in normal persons, 232 
pancreatic cancer invasion, 1668 
poJj-cyitiC lesions, 1699 
puncture in liala-azar. 1203 
jelaljon to mfection. 232-253 
nJPtnre. 1335 
m relapsing fever, 1083 
sequestration in hemolytic aowius, 1292 
shielding as protection agninst radiation, 

structure, 232 

Spieneetomf. in anemia, 217, 1293 
clianses in blood follun-ing, 232 
m chronic congestive tplcnomcsilr. 1337 
w Gaucher’s disease, 1 317 
in leukemia, 1333 
for potul ptessusc reduction. 1689 
in ifitomboejtopenic purpura, 1315 
Splenic anemia, HI, 1336 
Splenic fever. 973 
(5« also Anthraa) 

Spltnse Btaate. tbesl pain and, 39 
Spleme neutropenu, primary, 1323 
Splenic panhetnatopenis, primary, 1325 
Spleflie pulp maBOmetry lo hematemew 
and melena, 145 
Splesiie puncture, uses 234 
Splesi'C tumor acute, 233 
Splenic vein IhrtnnMSia a panerntitis. 

>660 

Spletiomepty 155 
and anyloidoiis, 1696 
m bacterial endocarditis, 1010 
m btacksvater fever, 1201 
m bracellosu, 960 
m carnnosna, 1693, 1701-1702 
sales, 233-234 

Its elKonietneningoeocceiDM, 925 
in ehremc prelocephritis, 1037 
in cirrIiMts, cOusy, 1692 
sfdue, 1694 
Laennec'% 1636 
eongestrve, 1660 
chtonie. 1336-1337 
di^erential diagnosis. 234 
la OLtnnieduIlary liematopoisis, 1696 
in Felty’i ryndrome, 1916 
and gistroiotestinal bleeding, 1600 
in Cauelier’i disssc, 1696 
in ^ycogen storage disease. 774 
in hepatitis, subacute, 1675 
vual, 1673 

10 Instoplasmosa, 1059 
in Hurler syndrome, I8SS 
ai hjpervitaminosn A. 550 
in mSammatoiy diseases, 156 
and intrahepatie metastases, 1702 
and jaundice, 1713 
m kaU-orar, 1203 
in lupus ersthcmatascs, 1895 
in malaru, 1200 
m measles, 1158 
m mmine tvphns, 1104 
m Nieman rick disease, 1696 
in plague, 967 
pofsaitentis and, 1891 
of portal hypertcusioR, 155, 16S6 
iQ porta] vein thrombosis, 1705 
in ruttacoHs, 112” 
ano regional enteritis. 1628 
in relapsing fever, lOSS 
in rheumatoid arthritis, 1910 
■n satcoiJosn. 1247, 1M3 
in schistovTuiusis, 1226 
in Sonih Arrencan blastouij-eosU, 1057 
-nSti1l’jducaic.l9l4 


tubeieuToos, prasiaiy, 233 
in tularemia, 964 
in viveerai Inva tn^tn. 1218 
in IVebcr-Oinsian disease, 1900 
m NOc Ce\n, 1W2 
Spicnosu, 1335 
Splitting of heart soimds, 1408 
Spondyhtis. ankylosing (ihetimatmd], 
1915']9)6 

AfaneSlnnnpcll. 1915 
Spondylolisibesis, back goin and, 48 
Spondylolysis, bads pain and. 48 
diagnosis, 53 
treatment. 56 

Sponge dnei's disease. 1245 
Sponge poisoning. 1245 
SpoQtin (Rctocetm), 877 
Sporangium in thinosportdiosts, 1057 
Sporotrichosis. 1061 
disseminated, 1061 
Sporotrichinn achcocki, 1061 
Sporozoites sn snaUna. 1200 
Spotted lever, meninsocDccal, 925 
(See also Eodiy Monsstain spotted 
fever) 

Sprain, ba^ pain and, 46 
Sprue, SS4->6I 
absorption studies in. 558-559 
blood changes m, 5S9 
classification. 554-555 
clinical picture, 557-558 
etiology, 555 
isotope (todies m, 557 
nontropiral. 755 
pathologic nndinn, 555-557 
pathologic phvjK^gy, 557 
prognosis, 561 

nwntgmonaphic changes in, 559-560 
tecundary (omt, 55$ 
stools IB. 558 
treatment. 560 

Sputum, bronebogenie earernoma and, 1 560 
enzynalicdigetioo. )573 
eosinophils tn, 1 537 
liquefaction of. 1573 
“ruity,’' 889 
viscosity of, 1373 

Squamous cell aroinoma, cutaneous, 1934 
Sqoattm^ congenital beast disease and, 

STregment. 514 
depression of, 33 
vnnoeetvt changes m, 38 
potassium and pbsmj. 35 
sodium and pbtma, 35 
Stable factor. 2J 9 
Stammering, 3r9 
StaphciiliB, 873 

Staphvtococol infectiODs, 894-90) 
of bone. 896 
bniiKbicctssu and. 1 549 
epidemiology. 895-896 
food potsonni|. 893 
iramonity, 69> 
paChogenesis. 895 
patterns, 699 
superficial. 69S 
fherapv, 899-901 

Staphylococci, and entcroeolitii, 1657, 1658 
and pyxigcnic abscess of liver, 1698 
Stapbylococenr aureus, 694 
carnets, 896 
"epideinic sfiam.'’ 896 
tessslance In asstibioli^ 89fi 
typing, 894^ 
vinilence, 894 

Starling's curve, family 0^97 
Starlings law beast, 9s 
.Starvation, 197 
and fatty Iner, 1695 
Stasis dcTma'itH. 3927 
.Status aitlimalicii^ 1264 
Steatorrhea, HI 
in biliary ciitIiosH, 1693 
diSerentia) diagmiis, 14) 
fn dumping syodiome; 1606 


Steatonhea, and endocrine adenomas, 1594 
after gastrectomy, 1606 
after gasfroieionostomies, 1 606 
idiopathic, 557. 1286 
in jaundice. 155 
©bsiTuctive, 164 

and pancreatic disease, 1660, 1665 
postgastrectomy, 1617-1618 
Sfein liicnthal symdroine, 624, 676 
Stemart's disease. 734 

Stercobifin, oraetion io various dtsorders, 
204 

fonnation, 149 
StereobiliDOgen, 204 
formation, MS 

Sterility, 66^-669, 675 
in brucellosis, 960 
after gonorrhea, 929 
Stevens Johnson syndrome, 1924 
Stilbamidme, and hepatitis, 1704 
m kalaazar. 1203 
Still’s disease. 1914-1915 
Stingray, 3245 

Stings, diseases caused by, 1238-1246 
Steker’i cramps, 834 

Stokei-Adams attacks, ephednne and, 1396 
•sopropyInorepmenWand, 1396 
mechanisms, 139> 

Stokes Adams syndrome, 306, 303 
Stomach, aspergillosB. 1622 
aspiration for blood clearance, 1690 
atrophy, 1615 
boosts, 1622 
biopsT, J 592 
and gastroscopy, 132 
eanetr. 1614-1613 
aod arid secretion, 1591 
and anorexia, 125, 1620 
asymptomatic screening. 1616 
aM tbrome gistnbs. 3619 
aad colon cancer, 129, M3, 1655 
bematemeris and aaau from, J44, 
1615. 1620 

uindenre. 1614, 1652, 2653 
and mdigestion. 229 
surgical maiuK ‘ ’ 

*usvmI, M3. 3-..,^ 
symptoms, 125, 128. 144, 1615, 1620, 
1653 

and den diamods, 1610-1612. 1655 
and colon disorders, l31 
cvugmcslanoinaliet, 1623 
dOatahon, 1622 
and aSialosu, 1623 
diseases (see Stomach dtseasa) 
diverticula, 1623, 1624 
emational reactions. tdIO, 1620 
foreign bodies, 1622 

functional activity, and darrhea, 139- 
Ml 

nausea and vomiting. 134-133, 137 
"hourgUss," 1622 

lesion sites and indigestion, 125, 12$, 129 
motor activity. 1620 

mDton, m hieckel’s diverticulum. 1625 

prolapse, 1621-1622 
mycotic mfection, 1622 
“normal,'” and imtaWe colon, 1644 
obstruction, 1603-1604 
anticholinergic ctmtraindicalion, 1603 
(See also lateslnul obsCruclionl 
paocrealie cancer invasion. 1663 
and pancreatic disease, 1660, 1669 
polyps, 1621 
malignant change, 1614 
secietinn (see Stosiach sectclionl 
SDction. mcteonsin prevention. 1714 
sur^cat msrusement. 160$, 1616-1618 
in syphiljs, 1073 
m tuberculosis, 1622 
tumors, 144 
types. 1620-1621 

nicer. 133. 1587. 1607-1614,1644 
(See also Ulcer, peptic) 
varices, 144 


and nor^ sysfem. 1660 
(See also under Czstnc) 
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Stomach diseases, 128, 1590-1593 
age factoi, 1620-1623 
and belching, 1 584 
and casdiac insuEciency, 1654 
differential diagnosis. 125, 143, 144, 1594, 
1603, 1610, 1615-1616, 1644 
hcmatosis and melena from, 143, l44 
hemotihage in, 143, 1609, 1621 
incidence, 1608, 1614, 1652 
symptoms, 123, 1603, 1610, 1615, 1622, 
1644 

treatment, 1601-1604, 1610, 1612-1614, 
1616-1618 

Stomach secretion, 126, 1608, 1610, 1615 
acidity, 1593 

control, 1586, 1598-1599, 1689 
in gastribs, 1619 
in Laennec’s cirrhosis, 1689 
measurement, 1590-1591, 1596 
and pain, 126 
in pancrcatibs, 1666 
in peptic esophagitis, 1586 
antisecrefory drugs, 1612-1613 
and diarrhea, 141 
in duodenal ulcer, 1593 
and endocrine disorders, 1593, 1594 
neuro-, 1592 

and esophageal disorders, 133, 1589 
in nstroduodenal disease, 1590 
ana indigestion, 131 
influence on iron absorption, 1279 
and livet disorders, 1594 
loss of, metabolic allalosis from, 473 
and malignancy, 1614 
in Meckels diverticulum, 1625 
regurgitation, 133 
and serum calcium lesels, 1594 
stimuli, 1590, 1591 
after vugotooiy, 1607 
Stomatitis, angular, m aiiboBavinosis, 537 
causes, 537-538 
in pellagra, 544 
bumuth in, 8t3 
m erythema multiforme, 1924 
from gold, 1914 
m Iierpangina, 1173 
in herpes timolex, 1171 
mercu^in, SH 
CiiscclulMn in, 679 
vesicular, 1173-1174 
StomatopysosH, 1582 

Stones (see Cholelithiasis; Nephrolithiasis] 
Stool, in bacillary dysentery, 1640 
content, normal values, 1946-1947 
frequency, 1693 
straining at, 139, 1651 
ui anorectal disorders. 142 
and diverticutosis, 1642 
ulcerative colitis, 164S 
(See afso Tenesmus) 
tarry, 143, 1639-1640 
(See also Feces; Melena) 

Strabismus, concomiUnl, 2S9 
examination, 289 
paralytic, 289 
Strachan’s syndrome, 1845 
Stramonium poisoning, 819 
Straus's reaction, m glanders, 970 
in mehoidosis, 971 
Strawberry mark, 1932 
“Strawberry tongue," 906 
Street iirus in rabies. 1149 
Streptobacillus montlifonnis, 975-976 
Streptococcal infections, 901-924 
acute glomerulonephritis and, 1479 
epidemiology, 902 
late complications, 911-922 
preienfion, 911 
puerperal. 909 
treatment, 910-911 
Streptococci, anaerobic, 923 
infection by, 923-924 
and appendicitis, 1637 
and cliolangilis, 1702 
classification of, 901 
green. 922 
group C, 922 


Streptococci, snicroaenphilic, 923 
nephirtogenic. 918 

and primary atypical pneumonia, 1120 
and pyogemc sitixess of Inrer, l^S 
and toxic h^tibs, 1682 
Streptococctu/ecaJi^923, 1713 
Streptococcus foctirfa^ 923 
Streptococcus homims. 923 
Streptococcus hguefaciens, 923 
Streptococcus mitis, 923 
Streptococcus parvuln^ 923 
Streptococras putridu^ 923 
Sfreptoeocens sahvanrts, 923 
Streptococcus virMans, 922, 1702 
Streptodomase, 902 
Streptokinase, 902 
Streptolysin 0, 902 
Streptolysin S, 902 
Streptomyan. 873-874 
in esophageal niptur^ 1 588 
in gallstone Snanagement, 1714 
hepatitis induction, 1704 
m pancreatitis, 1663 
reactions associated with, 1273 
renal failure and, 1475 
in tuberculosis, 1010 
of stomach. 1622 
(See also Antibiobcs) 

Strcptonovtcin (Novobiocin), 876 
Streptotftrrx marts raffi, 975 
Stress, and chronic indigetion, 1 30 
in doodeii^ disease. 1597, 1625 
and dyspepsia. 1620 
and functioDal ^pepsia, 1597 
and gastritis, 1597 
osteoporosis from, 707 
and peptic ulceration, 1610 
Stress erythrocytosis, 1308. 1310 
Stress reactions of adretul cortex, 629-630 
Stricture, bOe ducts. 1601, 1714, 17)6 
esophageal, 133 
postcholecvsleclomy, 1716 
rectal, 1650. 1652 
treatment, 1714 
Stroke syndrome, 1747-1748 
m bacteria] endocarditis, 1043 
differential diagnosis, 1791-1793 
Stroagyfoides stercorafis, 1217 
Stiongyloidiasis, 1217 
pulmonary lofiltration and, 1556 
Strontium, bone metabolism and, 700 
Struma lymphomatosa (sec Hashimoto's 
stiuma) 

Struma ovani, 589, 680 

Strychine poisoning, 829 

STS (see Serolopc lest for syphilis) 

Stuart Prower deficiency, 225 
Stuart Ptower factor, 219 
Stupor, definition, 3lZ 
SturgeAVeber-Dimitii’s disease, 1734 
Stuttering, 379 

SO 4385 (2-nicthyl-l,2 bis (3 prndyl}-!* 
ptopmonc), 5o7. 616 
Subaortic stenosis. 1435 
congenital, 1434 

Subarachnoid hemotihage (sec llcmor* 
rhage) 

“Subdinical infectiOD,” 861 
Subdural effusion after merungitis, 1045 
Subdural hematoma, acute, 1602-1803 
chronic, 1802 

confused with cerebrovascular disease, 
1792 

in infancy, 1727 
Subdural hemoirhage. 1802 
Subendocardial fibrosis, 1464 
Subendocardial left veutricte. coronary 
blood Sow and, 33 ^ 

Subepicardial left ventricle, coronary blood 
flow and, 33 

Subleukemic leoheinu, 1330 
Subluxation of lens (see Ectopia lentis) 
Subphrenic abscess, 1033 
chest pain and, 40 
Substcmal goiter, 1569 
Subungual abscess, 1030 
Succmylsultalhiazole (snlfasoEidme), 870 


Sudeck-Lcrichc syndrome, 55 
Sudomotor activity tests, 275 
'■Suggillations,” 925 
Sulfadiazine, 870 
in nocardiosis, 1064 

in prmention of meningococal infection, 

in prophylaxis of rheumatic feier, 921 
in prophylaxis of streptococcal disease, 
921 

Sulfamcraeine, 870 
Sulfamcthoxypyridazine (Kynex), 870 
SulfamcthoxypyTirnidine (Madribon), 870 
Sulfates, inoreanic, serum, normal values, 
1944 

Sulfathalidme, 870 
Sulfasuxidme, 870 
Sulfliemoglobinemu, 1312-1313 
Sulfonamides, 869-871 
“along actmg," 671 
blood concentrations, 869 
as came of methemoglobinemia, 1311 
in cholangitis control, 1714 
in enteritis, 1630 

hepatic lesion induction, 1680, 1691, 

1704 

meehauism of action, 869 
and polyarteritis nodosa, 1889 
reactions associated with, 1275 
toxic effects, 869 
(See also specific compounds) 

Solfone, in leprosy, 1023 
“Sulfur granules,*' 1052 
Solkowiteh test, 603 
Summer complaint, 1130 
Son radiation miuiy. 854 
Sunburn, 854 
and herpes simplex, 1171 
' Sunear Uvlier syndrome. 1929 
Sunlight, and lupus ctythematosus, 1892 
reactions to, 1934 
Sunstroke, 834 
Supennfections, 885 
m acne. 193) 
in ehickenpox, 1)67 
in kala-azar, 1203 
in pemphigus vulgaris, 1929 
in pertussis, 958 
Proteus m, 933, 934 
m smallpox, 1164 
Supeciot suUus tumor, 1560 
pam and, 53 

Superior vena caval syndrome, 1 569 
bronchogenic carcinoma and. 1 560 
Suprascapular nerve, diseases, 1879 
Supiasellar cyst, 1822 

Surainir ' - 

Surra 1 

Suxaraethonium sensitivity. 427 
Swallowing diiSculty (see Dysphagia) 

Sweat glands. 84, 8> 

Sweating, autonomic disturbances, 273-274 
in bilary dyskmcsia, 1716 
m botulism, 994 
decreased, 84—85 
disturbances, 84-85 
tn fibrocystic disease, 
fluid exchange, 456 
m heat exposure, 833. 834 
in hepatic abscess, 1699 
inaeased, 85 

m polyarteritis nodosa, 1889 
postcholecystectomy, 1717 
and pyogenic abscess, 1693 
tests for, SO 
in tuberculosis, 1004 

Sweet clover hay as cause of hypoprofhrotn- 
binemia, 224 
“Swimmer's itch," 1229 
Swimming pool disease, 1024 
Svcosis barbae, S96 
Sydenham's chorea, 244. 254 
Sympathectomy, artenal disease and, 1373 
in pancreatitis, 1666 
pliysiulogical effects, 273 
Sympathetic nervous system (see Autonomic 
ncivnus system) 
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Sympathogoniomi, 634 
Sympathomimetic drugs, arrhythmias and, 
1396 

SynciKm, 875 
Syncope, 304-110 
aortic Insulhcicncy and, 1435 
aortic stenosis and, 1434 
cardiac, 306 
cardinal features. 304 
carotid sinus, 306 
classification, 304 
common types, 305 
cor pulmonale and, 1539 
coughing and, 1516 
diCtrcnlial diagnosis, 308-509 
hystcncal, 307 
methods of examination, 309 
pathophysiology, 307 
postural, 505 
psycliogcnic, 305 
treatment, 310 
tussive, 306 
Syncytial virus. Ills 
Syndactylism, 1727 
tuberous stlcrosis, 1753 
Synostoiuof itull, 1725 
Symovial cyst, 87 

Synovial Buld eMmination, 1906-1907 
Syphilis. 1068-1082 
angina pectoris and, 35 
cardiovascular, 1073 
treatment, iOSO 

cental nervous system, 1073-1076 
asyraptomatie, 1075 
meningovascular, 1074 
paretic. 1075 
(See aiio Paresisl 
treatment. 1030-1081 
eerebnl tumors. IS19 
cerebrospinal fluid in, 1078 
eonsenitat, 1076 
pseudopanlysis, 1076 
treatment. J079 
gasRic, 1075 

E arnmas in liver, 1699 
eart disease and, 1444, 1459 
immunity, 1070 
latent, 1072 
lympbademtla in, 230 
meningovascular, 1789-1790 
nephtocic syndrome and, 1491 
oral ulcention, 15S1 
iD pregnancy. 1076 
primary, 10/0-1071 
prophylaxis, 1081 
reinfect iiotv, 1079 
relapse, 1079 
secondary. 1071 
serologic reactions, 1070 
serologic test for (see Serologic lest for 
syphilis) 

seroresisfance, 1078 
spontaneous cures, 1069 
of slomacli, 1672 
taboparetie. 1076 
tertiary, 1072 
oral findinn, 15S2 
transfusion, 1069 
transmission. 1071-1072 
treatment, 1078 
Syphilitic aortitis 1366 
treatment, 1 367 
Synngomyelia, 1731 
svitli meningomyelocele, 1729 
sensory clwnecs, 267 
s« eating in. SS 

Systemic lupus erytheinatosus (see Lupus 
crylliematosusl 

Systolic mimnutt (see Mutmutl 
Systox, 827 


T nave, mismterpretatim of, 514 
rclatmn to 515 
TAB vaccine, 946 
Tabes dorsalis. 1074-1075 
and herpes zoster, 1168 
lightning pains m, 1074 
pain m extremities and, 58 
TaMtic crisis, nausea and vomiting. 156. 
137 

Tahelic syndrome 266 
Taboparesis, 1076 
Tache noir, 1102 

Tachvcatdia, coronary blood flow and, 33 
dilTercnIial diagnostL 1399 
eCcetJ. 5595 

paroxysmal, angind pain and, 54 
diagnosis, 90 
m infants, 1455 
paroxysmal atna). 1400 
VLitkblod.. 15S6. 1400 
digitalis mioxication and, 1 3S3 
treatment, HOI 

carotid sinus pressure and, 1400 
digitalis aod, 1386 
piessoi smmes m, 1595 
tieaimexit, 1400 
paroxysmal ventriculat, HOI 
digitalis and( 1586 
procaine amide and, 1397 
quinidme and, 1596 
sinus, 1399 
Tsenia ssginrta, 1235 
Tacniasis sasmala. 1235 
Taenusis mium, 1234 
TaUyasii syndronie (pulseless disease), 

1367. 1776 
rrtrnaand.419 
Talipes cquinovarus, 1732 
Tallahasiee disease. 1144 
de of hetrt. H' 

1. 1668-1689 

n polyartcntis nodost, 1891 
Tannitf acid, toxiaty, 1705 
Tapaiole, 592, 1704 
Tapeworm, beef, 1155 
fish, and anemia, 1287 
pork, 1254 

Tapenorm infections, 1232-1237 
'Tapir nose." 1204 
Tarantubs. 1241 
Target<ell anemia, 1 301 
Tartar emetic m sehmosomiasis. 1227 
Tay Sachs discaae. 781, 1859 
fiypotonla in. 1739 
retinal lesions in, 419 
Teeth, in ascotbic acid deficiency. 540 
■n cretinism, 586 

Hutchinson, in congcnitil svphilis. 1076 
metabolic disease signs, 1 582 
systemic disease signs, 1531-J5S2 
TeUngiectasia, with cerebellar disease. 1734 
m discoid lupus. 1934 
hereditary hrmorriiagic, 1521-1322 
bleeding, IMO 
Tctcopsia. 416 
'I emaiit, 64 

Tempciament, 544-545 
Teuipaaloie, of body, alterations in. 60-61. 
274 

in bacteremic snoefc, 932 
“body core," 857 
bypotlwmia (seeflypalheniiia) 
low-grade eleeatioas, 69 
nonnal, 61 
(See also reicrf 

environmental, high, dimrden of. 855- 
835 

Temporal aitmtis (see Aiteiili^ cranial) 
Temporal lobes, tsiictsons, 547—548 
Tenatmtis. 1922 
Tenesmus, 159 

ulicylaaosvllapmdinecontrol, 1651 
m olcenlivc miii^ 3648 
Tcnosynovrtis. 1922 
gonococcal, 929 
suppurative, 1050 
Tension puenmotboiax, 1566 


Tension tune index, heart oxygen consump- 
tion and, 32 
TEPP.827 

Teratoid tumors of mediasliniini. 1570 
Teratoma, definition, 443 
IcrTaniycm (oxytctracjclinc), S74, 1704 
Testes, descent, 664 
development. 664 
diseases, 664-670 
hypergoitadisin, 669 
hypogonadism, 655-669 
estrogen production. 665 
neopljims, 699-670 
physiology, 665 
Testicular atrophy, 785 
in cirrhosis, 156-157 
Lacnnecj, 1685 
m hepatic dccompcpsatioii. 1 'ft 
in liver failure, I >6 
m mvotonic dystrophy, 733 
Testiculsr fcminiratioit, 664 
inheritance, 435 

Testicular infarction, polyarteritis and. 1S91 
Testosterone, administralron, 668-669 
in laundiee, 151 
metabolism, 665 
m panlivpopitmtarism, 567 
production, 665 
and serum lipids, 1695 
Tetanoid chorea of Cowers free llcpato- 
lenticular degeneration) 

Tetanolysin, 989 
Tetanospasmm. 989 
Tetanus, 989-992 

H lications, 990 
990 

pwphyla!n$,99l 
treatment, 99i)-992 
Tetany, calcium m, 249 
chemical basis, 250 
duodenal spasm. 1626 
in fluoride poisoning, 823 
in g«frie dilatation, i623 
hypocalccmie. m pintrcalitis. 1663 
in bypoparai)iytoidiam, 600-601 
magnesium detieiency, 499, 601 
in osteomalacia, 709, 710 
pam m extremities and, 59 
uremia and, 1477 

TeitieUlotetliano and Ivepalic lesions, 1690, 
1704 

TetricMorethylene m bookvrxytm dacase. 

Tetracycline (aehromvcin), 874 
postgastrectomy, steatorrhea prevention, 
1618 

reactions associated with, 1273 
renal failure and, 1475 
Tetralogyof railnt, 1428 
hemodynamic measurements in, 1421 
X ray and, 1419 
Tlialamic hemorrhage, 1781 
Tlialamus lesions, sensory loss from, 267 
Tliaijsscmia. 1301-1302 

distinguishing features (tabic), 1300 
varieties, 1301, 1302 
Thallium, and alopecia, 86 
poisoning by, 815 
TTiiIiotoxicosis, oral signs, J 581 
Theca cell tumor, 679 
Thermal senve, testing, 265-264 
Tliiacetarsamide m fiiarusis, 1224 
Thuniin deficiency, 545-547 
and aganglionosis, 1641 
heart diseave and, 146) 
tests for, 5-16-547 
m Vcmicle's disease, 1839 
Thianim pyrophosphate. 479 
Thiaminasc disease, 546 
Thinking disorders, 345 
m scliirophrema, 365 
Tliiocyatiafe, 583 

ractions .ivsociated with. 1275 
Tliioiiricil, and polyarteritis nodosa, laSv 
reactions associated with, 1273 
Tliiourca, effect on thyroid, 584 
in hyperthyroidism, 589 



Thifsf, in fluid cscliancc, d5J, 456 
m hyrcrnafremia. 454 

Tlioniscn’j disease (see M)-oloni3 congcnifa) 
Tliotaccntcsis, in arrhosu management. 
I6SS 

in esophageal nipturc. 1 5S9 
heart fiilutcand, 1591 
indications for, 1 565 
nioracic menincoede. 1570 
Thoracic nen c, long, diseases, 1 S79 
Tlioracopiastv for tuberculosis, 1012 
Tlioraame, l705 
reactions associated with, 1272 
JSr^Alv ChUvpiftwaa.w,' 

Tlireadworm infection, 1219 
Tlirec-day fcscr. 1191 
Tlirronme and li»cr lipid content, 1635 
Thrills, 1415 

llironbasthenia, Glanzmann’s, 1518 
Tliromboangiitis obliterans (Buerger’s dis- 
easel, 840. 1570 
of brain, 1791 

Tliromboolhcmia, heniortliagic. 1518 
llirombocjtopafhic purpura, 1317 
Thromboejlopalliy. acquired, 131S 
Tbiombocylopenia, in clntVcnpoa, 1167 
in chronic eongcslue splenomegalv, 
1336 

in clostridial infections, 993 
from Daraprin, 1209 
in diphtheria, 986 

in epidemic hemorrhagic feser. 1187 
from gold. 1914 

in infectious mononucleosis, 1250 
ml:ata<azar. 1203 
in lupoid hepatitis. 1679 
tn lupus erythematosus, 1593, 1894 
m measles. 1153 
in iniimM, 1)81 
m portal hypestension. 155 
in radution imury, 852 
in rubella, 1160 
in schistosomiasis, 1227 
after smallpox vaccination, 1166 
Thromboe)topcnic purpura, 1313-1315 
Tliromboenibohsm. atrial fibrillation and, 
1599 

mitral stenosis and, 1437 
myocardial rnfatction and, 1453, I455, 
_ 1456 

Tlirombogen, 219 

TTirombopathy, constitutional, 1317 
Thrombophlebitis, 1375 
Amphotericin in, STS 
cerebral, 1045 
fever rn, 68 
infective, 1027 
intracranial, 1046 
and malignant tumors, 44o 
in poliomyelitis, 1145 
in psittacosis, 1128 
and pyogenic Iner abscess, 1698 
Ristocetin (Spontm) in. 877 
septic, m bactesoidcs intcePons. 937 
and central nervous system, 1 044 
suppurative, 1027 
and bactcroides infections, 937 
and central nersous system, 1044 
and ulceialivc colitis, 1651 
in Vibno /efus infection, 972 
Thromboplastin, 219 
Thromboplastin generation test, 229 
Thtomboplastmogen, 219 
Thrombosis, of aorta, 1368 
cavernous sinus, 1046, 1512 
cerebral (see Cerebral thrombosis) 
congenital heart disease and, 1422 
coronary (see Myocardial infarction) 
hepatic vein, 1703 
of large arteries, 1371 
lateral suius, 1046 
mesenteric, and ileus, 1635 
of portal vein, 1689 
acute, 1703 
elnonic, 1703. 1705 
of renal vein, 1500 
sclerosing solutions, 1689 


Thrombosis, of splenic vein. 1689 
and pancreatitis, I6M 
superior longitudinal sinus, l(M7 
in ulccralne colitis, 1647 
venous, of czlremiUes, tn pancreatic can< 
eer. 1667 
Tluttslv, lo62 
diagnosis, I5Sl 
pigmentation, I SSI 
(See also Moniliasis) 

Tliuione poisoning. 821 
Tli)mol turbidity test, 163 
in amyloidosis. 1696 
m £3mxwv/su> )69S 
in cirrhosis, biliaty, 1693 
cardiac, 1694 
Lacnncc’s. 1637 

m Dubm-Jonnson syndrome, 1700 
in hepatitis, drug induced, 1681, 1682 
normal values, 1944 
posthepatiUs, 1676 
nus gland, a ' 
liseascs, 6S9 
relation to myasthenia gravis, 639 
status thymicolymphaticus, oS9 
thymoma, t>b9 
tumors, 659. 1571 
Tliyroglobubn, proteolysis. 584 
Tliyrotd function tests, 587 
Hiyroid gland, m acromegaly, 568 
cancer, 133, 596-597 
coki slimiilation, 836 
diseases, 582-599 
hyperthyroidism, 589-593 
hypothyroidism. 5S5-S89 
hyperactivity, and tongue tremor, 1582 
idiopathic atrophy, 585 
metastases from, 1697 
size and weight, 582 
tumors. 595-597 
classification, 596 

Thyroid hormones, abnormal secretion, 582 
sdministration, 587-589 
in bone metabolism, 699 
tn cretinisin. 585 
hormonogcncsis, 583 
metabolism, 58*- 584 
synthesis, 583-584 
TliyTOid myopathies, 727 
Thyroid stimulating hormone (see Thyro- 
tropin) 

Thyroid substance, administration, 583. 
587-588 

desiccated, S8S, 596 
dosage, 587-569 

Thyroid USP, 567, 587. 588. 596 
■IbyToidertomy, 591, 592 
complicalions, 593 
Tliyroiditis, 597-598 
chrome, 585, 598 
mumps, 1181 
nonspeafi^ 597-598 
radiation. 593 

Thyrotoxic bone disease. 595 
Thyrotoxic crisis, 593-594 
Thyrotoxic heart disease, 594-595, 1460 
niyrotoxic myastlienia mvis, 727 
Tliyiotoxic myopathy, 595, 727 
TnyrotoxVc pniodic paralysis, 727 
Tliyfotoxicosir, chnieal picture, 590 
diagnosis, 590-591 
fever in. 63 

hypeilension and, 1351 
Laenneif s cmhosis and, 1685 
masked, heart failure and, 1393 
palpitation and, 90 
pathology, 590 
proptosis and, 424 
psychosis ui, 371-372 
^treatment, 589, 591-593 
Thyrotropin {TSII), 563, 583 
deficiency, 568, >85 
elevated levels, 571 
m goiter, 595 
in hyperthyroidism. 589 
in hypothyroidism, 587 
in panbypopiiuitansm, 566, 567 
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Thyroxin, metabolism, 583-584 
synthesis, 583 

Thyroxin binding protein (TBP), 584 
Tibial nerve, disease, 1881 
Tic, 246, 257 
"Tic douloureux, 291 
Tick, bite, 1242 
Tick paralysis, 1243 
Ticks, in African hek-bome fever, 1102 
in epidemic hemorrhagic fever, 1186 
in Q fever, 1108 
in relapsing fever, 1088 
m Rocky Mountain spotted fever, 1096 
Jn Jiassrsa bo/nff K/as, 
in tularemia, 963 
Tidal volume, 107 

Timed vital capacity, emphysema and, 1520 
Tinea capitis, 1939 
and alopecia, 86 
Tinea cruris, 1939 
Tinea versicolor, 1935 
Tinnitus, 294 

m encephalitis lefhargfca, 1154 
from quinine, 1202 
Tissue tension, 182 
■Tobaeco {see Smoking) 

Tobey Ayer test, 1046 
Toeopherols in metabolism, 536 
Tolazoline hydrochloride in gastric ulcers 
169 

Tolbutamide in diabetes melhtus. 647-648 
Tolbutamide test, intravenous, 643 
Tongue, angioneurotic edema, 1 34 
atrophy in iron deficiency, 1279 
cancer, 134 
in cretinism. 555, 586 
magenta, 537 
in pernicious anemia, 1282 
systemic disease signs, 1581-1 SSJ 
Tonsillectomy, in preventsos of sbeematk 
fever. 922 

m prophylaxis of glomerulonephritis, 922 
Tonsillitis, diflerenhal diagnosis, 907-9.18 
and dysphagia, 133-134 
siteplococeal,905 
Tormvaldt’s disease, 1512 
Torsion spasm, 255, 1866 
Torticollis, spasmoaie, 246, 256, 

Tonifa histo/ytica, 1054 
Torulosis. 1053 

(See 8/so Cffpfococcosis) 

Touch, sense of. testing, 263 
Tourniquet test, 22? 

Toxem^'a^of pregnancy, 1352-1353, 14'15- 

hypertension and, 1352 
pyelonephritis and, 1036 
treatment, 1353 

Toxm(s), Bacillus anthracis, 974 
as cause of hypoprolhrombincmij 5Ji 
diphtheria, 982 ' 

tetanus. 989 
Toxoid, botulism, 995 
diphllieiia, 938 
gas gangrene, 993 
tetanus, 991, 992 
Toxophtma gondii, 1208 
Toxoplasmosis, 1208-1211 
acquired, 1209 
congenital, 1209 
"dye” test, 1208 
encephalitis. 1209 
serologic reactions, 1203 
treatment, 1209 
uveitis and, 417 
TPIS, 1070 
TPNll,, 478 
Trace elements, 437 
Tracheal suction^ 1574 
Tracheobronchitis, tuberculous, lOK 
Tracheostomy, complications, 1574 
in diphtheria, 987 
functional cBects, 1573 
indications for. 1573 
in poliomyelitis, 1146 
Trachoma, 1175 
treatment, 1175 
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Iractotom)', pain aiid, VI, 20 
Trait, dominant, 430 
ncmptnetrant, 43* 

5C5t finked, dominant, 434 
rcce«ne, 433 

Inn^'Mlvtws dws«, Kv ouutv dvsuonu, 

m depressive pnehosa,413 
hepatitis induction, 1704 
in poiwjnins. 830 
m pruritus, 84 
■n scliirophrenia, 363 
in ulcer treatment 1597, 1613-1614 
Transaminase, myo«rdial infarction »nd, 
HS2 

serum. 164-165 
in biliary cinliosij, 1693 
in caliahepatic biliary obstniction, 

3701 

in castrointcstinal symptoms, 1579 
in Ficpatiiis, 1675 
m infectious mononucleosis, 1633 
in Ijcnnee's cujlioiis, 1687 
Transferrin, 203, "95 

Transfusion of blood (see Blood trans* 
fusion! 

Tiinspcsition of gteaf sessds, 1427 
* ray and, 14tf 

Traumatic tollapst, delayed, 1799 
Tiauinalic heart disease. 1463 
Trematol, 826 
Tremor, action, 245_^ 
in alcoholism, 799 
in delirtum, 357 .. 
from emetine, 1 199 
flappme, and nepaiic coma, 157 
hysfenal.245, 400 
intenlion, 245 

m lapattow B roceptiaUlis, 1156 
in Morny Valley .eneephaliia, 1156 
in ncurosypinlis, 1075 
Parklnsoniam 244 
postural, 245 
letnle, 244 
of ton^ 

Trewh foot,' 840, 1^71 
rreponema earateutn. 1081 
Ttraoneina oaflidum, 1068 
in bejel, 1084 

dark field namination, 1076 
Tfeponema pcftentf*. 1082 
Triafoma, 1205 ,, . 

rribromethanol and hepatitis, 1704 
Tticarboxyhe acid O’^lc, oxidation of acetyl. 
479 

Trichmella Jpiralis, 122! 
in lymphocytic cbonomenioptis, 1136 
pulmonary infiltiation and, 1556 

rrnbinoiu, 1221 

S roeranhic distnbution. 1221 
cart disease and, 1464 
muscle msohcnient, 726 
vascular disorders m. 1790 
Trichocephalusis, 1219 
(richonionas hoinims, 1211 
Ifichomonallenjx, 1211 
Trichomonas vapinalis, 1211 
Tncliomoniasis. 1211 
ticitmcnt, \iV\ 

Ttichophyeon, 1935 
Trichophyton nientJSrophrtes, 1937 

Trichophyton rubrom, 19}6 

Trichophyton lehoenfcmi, 1939 
Trichophyton (onPiranj, 1939 
Tiicliophytosu, 1936 
Trichoptysis, dcrmoid cysts and, 1569 
Tiichovironsyltaiij, 1220 
Tiiehostronjyfui, 1220 

eggs diRcfcntuted from lioolisrortB, 
1215 

Tnehtcrbnist (see Pectus cxartluoi) 
ievebusviMV. lltO-VTTO 
Tricfmris fnchiurj. 1219 
Tricuspid atresia, 1432 
Tricuspid fniiifficieney, 1442 
and lives puluiion, 153 


Tn'euspid sletiosts^ 1442 
heart failure and, 100 

Tricuspid s-alve m gonococcal endocarditis, 
929 

Tridione (seeTnnietliadmiK) 
Ttielhvlenanelamute, m leubeoua, X333 
in lymphomas, 1341 
Trigeminal neuralgia, 291 
headache and. 22 

Triglycerides, alhetoscleRnis and, 1362 
nephrosis and, 14S9 
Tniodothyrontne, 5S3, 584 
Ttimethadione (Tridiond), 1704 
and acne, 1931 
and hepatitis. 1704 
reactions associated vith, 1273 
TnrutTotolucne (124X1 and hepatic lesions, 
1690,1704 

'Tiiparanu in alhtsost4etosis, 1364 
“Tripod sign." IHl 
Trisomy, 429 
Trismus, 292 
tetanus, 9S9 

Tronbictiu atamushi, vector of scrob ty* 
phus, 1106 

Ttombicua defimsu, vector of lenib ty- 
phus. tl06 

Tromexan. mode of action. 224 
Trophozoite, amebic, 1196 
Tropical eosinopbilia, 1556 
cercbdbr degeneration in, 1536 
cold agglutinins and, 1557 
Kahn reaction and, 1557 
treatment, 1556 

Wassermann reactMn and, 1556 
Tropism m infedious disease^ 862 
Trousseau’s njn, 249, 601 
Trousseau’s lest in tetany, 250 
Truticosaitetiosoi. pessislenl, 1427 
Trypanosorna btueei. 1205 
Trypanosoma cniai, 1205 
and eaidiosnasm. 1537 
and mepcolon, 1641 
Trypanosoma eqoinom. 1205 
Trypanosoma eouiperdunn 1205 
Trypanowma evansi. 1205 
Trypanosoma eambiense, 1205 
Trypanosoma hippieum. 1205 
Trypanosoma rangeii, 1206 
Trypanosoma rhooesiense, 1205 
Try^nosoma itvax. 1205 
Trypanosomiasis, 1x05-1208 
cardiac, 1465 
Cambun, 1205-1207 
cerebral involvement. 1206 
prevention, 1207 
treatment. 1206 

and pneumococcal infection, 883 
Bbodesvan. 1207 
treatment, 1207 
serologic reactions. 1206 
South AmerKaji. 1205 
tsebe files as vectors, 1205 
Tryporsamide m trypanosomiasis, 1206 
Trypsin for digestion of sputmn, 1573 
Tryptophan, 753 
and liver lipid eootent, 1685 
metabolic pathways. 754 
Tsetse files, 1205 
'Vbtl tsee T l wso t iPpvrvt 
Tubercle hacibos, 9W, 1000 
arun, 1000 
bovine, lOOD 
human, 1000 
Tiibcrculm test, 1006 
TuberculoHl kpran, 1021 
Tubcrcoloina, 1819 
Tubercnloprolmn, 1006 
Tubertuloiilicosis, 1546 
TubcreuloHi. 999-1020 
and Addison's disease. 614 
adremi steroids in, 627 
alNColai-eayviUxry tnndk and, 1816 
bronchiectasrsmid. 1549 
and cfu^ongitis. I6S4 
chrome empMma and, 1 558 
coal workers pnenmocMiiesis and, 1 547 


Tuberculosis, and colonic cancer, 1655 
m dubetes mellifiis, 653 
otrapulmonary, J0I5-1020 
fever in, 66 

granulomatous heshng, 1683, 1684 
and cirrhosis, 1695 
hematogenous, 1016 
hemoptysis and, 123 
immunity, 1001-1002 
immunt/alion, 1019 
BCG. 1019 .. 

incidence. 999-1000 
massive fibrosis and, 1546 
after measles, 1159 
milury, 1015 
diffusion defects m, 1527 
primary, 1002-1003 
pulmonary, 1002'1015 
treatment, lt)t)9-lt)l3 
pylephlebogenoiis. 1684 
silicosis and, 1546 

mUUcv pulmonary nodule and, 1561 
surgery for, 1012-'1013 
treatment, 1009 
tubular, of liver, 1684 
weed infection, 1003 
Tuberculous lymphadenitis, 230, 1016- 
1017 

Tuberculous meningitis. 1016 
10 lupus erythematosus, 1894 
vascular disorders m, 1790 
Tuberculous osteorayelitis, 1018-1019 
Tuberculum sellse meningioma, 1824 
Tuberous sclerosis, 1733 
d-Tuboenranne as blocking agent, 243 
Tubular maximum, 169 
Tubular uecrDsis (see Acute tubular neeto 
sis) 

Tubular reabsorplion, 167 
Tubular secretory capacity, management, 
169 

Tularemia. 963-966 
pstiomteslmal, 964 
glandular, 964 
immunity, 964 
immunization. 965 
insect vectors, 963 
oculoglandulsr, 964 
prtvxfibon, 965 
prophylaxis. 965 
treatment, 965 
typUoidal, 964 
ulccroglanduUr, 964 
vacemalion, 965 
Wild animal TcseivOirs, 963 
Tumors, of adrenal medulb, 631-635 
anal, 1655 
argentoSine. 1632 
biliary, 1702 
of bladder, 1507 
of bone, 720-721 
of brain (see Brain tumonl 
of breast, 682-6S5 

carcinoii^, 756-757, 1265, 1594, 1653, 
1655 

of colon, 1652-1656 

and duodmal ulcer, 1594 
and 

and mt«tinal obstruction, 1653 
of 

S*m?diastmu'im'?«M572 

of ovary, 678-680 
1607, h 

iid"^,669 
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Tumors, of pericardium, 1473 
of pinesl gland, 688 
of piluitary, 568-572 
of pleura, 1 563 
in ladialion iniuiy, 855 
rectal, 1653 
rectosigmoid, 1653 
of small mfestine. 1631-1633 
of spinal cord, 1811-1829 
staging, 446 
of stomach, 1620-1621 
of thymus gland, 689, 1 571 
of thyroid, 595-597 
(See also Neoplasms) 

Turbulence, murmurs and. 1410 
Turner's syndrome, 674-675 
chromosomes in, 429 
osteoporosis :n, 707 
Turpentine poisoning, 830 
Tussive syncope, 306, 1516 
Tsntchings, fascicular, 245 
Typhoid fever, 939-946 
and acute cholangitis, 1702 
bacteremia, 940 
complications, 942 
gallbladder infection, 1717 
metastases in, 940 
and portal vein occlusion. 1703 
propnylnis, 945 
relapses, 942 
treatment, 943-945 
•Typhoide,'' 940 
Typrras, endemic. 1102 
epidemic, 1105 
louse-borne. 1105 
munne, 1102 
presention, 1105 
recrudescent, 1106 
scrub (see Scrub typhus) 
vascular disorders in. 1790 
Typus marfanis (see Marfan syndrome) 
Tyrosinase, 492, 788 
Tyrosine, 584, 788 

metabolism in ascorbic acid dedeiency, 
541 

Tyrosine destodmase, 584 
Tzand test, 79 


U nave. 514 

Uleer{s), aee factor, 1595, 1647 
anal, 16« 

and appendicitis, 1636 
bleeding. 131, 144, 1601-1602, 1613. 
1624 

burrowing, 923 
complications. 1599-1602 
corneal, in chickcnpox, 1 167 
dendritic, 1171 
discoforra, 1171 

in herpes zoster ophthalmicus, 1169 
herpetic, 1 171 
in measles, 1 1 58 
pseudomonas in, 935 
m Reiter's syndrome, 1908 
m trachoma, 1175 
in tularemia, 964 
cutaneous, 75, 1031 

African mycobacterial, 1024-1025 
in Amencan mucocutaneous Icishman* 
usis. 1204 
in anllitix, 973 
in blastomycosis, 1055 
in chromoblaslomycosis. 1067 
in coccidioidomycosis, 1053 
in coupos, 1 166 
in cutaneous leishmaniasis, 1204 
diphtheritic, 934 
in erythema muhifoime, 1924 
in foot -and mouth disease, 1173 
in glanders, 969 
in granuloma inguinale. 977 
in milt«'t nodules, 1174 
In orf. 1174 

in pemphigus vulgaris, 1928 
pigmented, 1953 


UIcer(sj, 


, cutaneous, pioteus baeflti n 
35 


pseudomonas bacilh in, 933 
m Reiter's syRdtome, I90S 
secondary infection. 1031 
m sporotnehosis, 1061 
m StreptobaciVtiS monilifonna infee 
tiOD, 976 

sivimimng pool bacilli, 1024 
in tularemia. 964 
deSnitioR, 1592 
diagnosis, 144, 1595, 1610 
didetenlwl, 131. 159^1597, 1636. 
1644, 1663 

dnjgindoccd, 1608-1609, 1612 
duode^, 144, 1592-1607, 1632 
blood groups in, 440 
complications, 1599-1602 
definition. 1 592 
and gallbladder, 1597, 1604 
and gasinc obstruction, 1603 
and pancreatic pseudocysis, 1665 
pepsin levels, 1 591, 1625 
perforation, 1604, i605 
in poliomyehtis, 1114 
rupture, 1604 
esophagi, 133, 1587 
diverticula, 1588 
and foreign bodies, 1622 
and gallbladder disease, 1597. 1604 
gastric, 131, 1607-I6I4, 1644 
acute. 1603-1609 
benign, 1607-1603 
diaerentution from malignant, 
1610-1612 

from butazolidin, 1912 
diagnosis. 1610 
drag induced, 1608-1609 
and gastritis, 1618 
and imlable colon, 1644 
malignant, 16)0-1612 
and mycotic infections, 1622 
recunence, 1613 
from stress, 1610 
surgery, 161 3 
treatment, 1612-1614 
s-ray therapy, 1613 

(See also duodenal, above, p^tic, be 
low) 

after gastritis, 1618 
gastroduodenal, 1590 
nematemesis and melena, 144 
incidence, 1592. 1603 
intestinai. in amebiasis. 1197 
sn lupus erythematosus, 1694 
perforation m typhoid. 940 
m polyartenlis nodosa. 1891 
in shigellosis 950 

in South Amencan blastomycosis, 1067 
in tulaiemia, 964 
in typhoid, 940 

intractabdity, 1599-1600, 1605 
leg. 1 376 

and in^ignancy, 128, 1614-1615, 1632 
margiiuL after surgery, 1607 
massive nemonhage, I6QI-16Q2 
and Meefcers dncrticuluin, 1624. 1625 
metena, 144 
of mouth, 1581 
niiicosa), m bCKb 10S4 
in erythema moltiforme, 1924 
in herpangina. 1173 
in lupus erythematosus, 1893 
in Reiter's syndrome, 1908 
in vesicular stomalili^ 1 174 
and mycotic infection, 1622 
pain, 1 597 

meehanum, 126 
periodicity, 1594-1595 
peptic. 133, l557. 1607-1614. 1644 
acute. 1608 

adrenal steroids m, 626 
antral stimubtioii, 1608 
back pain and, 51 
and bezoars, 1632 
and cancer. 1610-1612, 1655 
and tardrotpatm. 1586-1587 


Uleer(s), peptic, and chronic gastntis, 1618 
diflerentul diagnosis, 1615, 1625, 1661. 

1663, 1665. 1710 
drug-induced, 160S-1609 
emotional stress and, 1392, 1599 
emphysema and. 1520 
in esophagus, 1 587 
and gastric obstruction, 1603 
and gastnc seaction acidity, 1591 
hematemesis and melena due to. 143- 
144 

and Lacnnec's cirrhosis, 1637 
myocardial infarction and. 1454 
pancreatitis and, 1663, 1664 
acute, 1661 

climnic relapsing, 1665 
perforation and, 15S9, 1604. 1605 
1663, 1664 

postpnndial indigestion and. 126 
treatment, 1SS6, 1587, I597-159S 
16)2-1614 
postbulbar, 1594 
of pyloric canal, 1 594 
recurrence, 1606, 1607 
in regional enteritis, 1627, 1623 
rupture, 1604 

symptoms, 131. 137, 1594-1595, 159‘, 
1644 

of tongue in rcrtussis. 956 
treatment, 1597, 1605-1606 
longterm, 161 3-1614 
massiie bfeedme, 1601-1602 
mia^^l597-)595, 1603, 1607, 1608, 

surgery indications. 1613 
Ulcerative colitis tree Cohtisj 
Ulcerative pancehtis. 1648 
Ulcerative prectitw, 1647, 1648 
Ulnar nerve, diseases, I8S0 
Ultnviolet light radution mjuiy, 854 
Umbilicus, and drainage in liver disease, 

1 36 

pain, and mesenteric msufficicney, 1626 
venous bruit, m CruveilhierBauiDgarten 
svtidrome, 1705 
Untmaiia stmoccphala, 1216 
Unconsciousness in head iniunes, 1793- 
1802, 1806-1807 
(See a/so Coma) 

Unilateral hypoplasia of kidney, 1 504 
liypertinsion gnil, 1331 
Unilaterally effused kidneys. 1 304 
Unipolar leads, electrocardiogram and, 507 
Universal donor, 1305 
Unverncht Lundborg's familial myoclonic 
epilepsy, 246, 1563 

Upper motor neurone (see Motor ncu- 

Upper respiratory tract (see Respiratory 
tract diseases) 

Urea and hepatic coma, 1 5$ 

Urea frost, uremia and. ISO 
Urea nitrogen, whole blood, normal values. 
1944 

Urea stiibamine in kala-azar, 1201 
Utcmia. 178—130 
anemia and. 179, ISO 
anorexia and, ISO 
in bacterial cudncarditis. 1040 
b'ccdmg and, 180, 1640 
csfi an hit color. 1”9 
Cheyne Stokes jespintion and, 180 
tiiculatOTV fiiivwC and, ITS 
colitis and, 180, 1650 
colon carcinoma and. 1655 
coma and, ISO 

I. 179 


convulsiOTiv and. ISO. 1477 
dchy'dration and, 1 78 
datwis and. 1477 
danhea and. 150 
dietary protein and. 1477 
distinction from azo'emu, 174 
cciantpsa and, ITS 
e’ctitolyics and, 179 



72 INDEX 


Ufcmu, tn fpidetnie hcmorflogic fever. 
ns7 

n jis’ric di^J'Jtion, 1623 

l.cirtfidute ind. l^. UO 

Siiccoiishi and. liiD _ 

lifptftensron and, 178 

hypctlcnitve tnccphalopathy and, 178 

hyponatiemia and, 172 

itcliini and, 180, H77 

m Lab a»r.l203 

Kosvtiutul btcstlun^ and, 180 

in leptmpironi, IO 56 

lunva and 1 omiiing in, 1 36, 1 37, 1 50 

nctvouj mlem and. ISO 

ncutoinuseubr divtiiibances of, H77 

pciicanSrtis and, ISO 

purpura and, 180 

III iclctoilemia, 1S9S 

sVin and. 179 

Utany and. H77 

Irjnspbntjlion of kidney and, 1477 
treatnvrtif, IT9 

li>f>cr*cnsion and, H77 
{«bul« necrovn and, ITS 
tailcliiiigi and, 150 
iiira froit and, ISO 
vaifi ijr letinopatfiy in, 180 
m Wegener 1 B^nuloinaimiJ, 1900 
j tay efiangev m lungs. 150 
X ray of elicit and, 1473 
in jcllnss Icsei. 1 155 
(ScealM Azotemia, Renal iadorel 
Uremic rencJtditn. 1470 
Ureter, apnglionosii, 1641 
anomaiiei, 1504 
Urethane, m leulemu, 1 333 
in multiple myebina. 1344 
lottnty. 1"04 

Urethra, Mcterial flora. 1033 
mfectioM ftee Uiethniisl 
in pyelonephritis 1016 
itnclure in soQorrhei. 928 
Uretliniis m rr^hema tnultifonne, 1924 
tonocoeeai, 9.9 
Mima polymorpha, 97) 
m Ilnrer'i tyndromr. 1907, 1908 
III iTKl.oinonmn, 1211 
in turpentine poiwninr, 830 
Urie acid, Krutn, ctevaleo, 766 
nonna) values 1944 
Une iciii pool. 764 
Une acht I'onei. 1503 
)!>ceaf»n NcphrotithUiu) 

Undine <liphosplioaluco«e uchydrogenaie 
deficiency in nesibom. 131 
Urinary bladda flee Rtadderi 
Unnary caiti (see Cylindrurul 
Unnary tract, blenlmg from. 22Z 
inlcction, cathrterujlloii and, 1473 
eoUfortn,93l 

n diabetes mellitui, 632-633 


fever 
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obitmctiun, chronic pyeloncplirituaod, 
1453 

renal failure and, 1473 
reimibling acute tubolar ncctoin, 

1496 

Urination, ftct^neoey, 176 
licritancy, 1 .6 

Urine, in Addiwn’r diseaie, 611-614 
a'icred composition from diarctin and 
ilcTOids 473-474 

ammo acid erctrtioa info, in pancTcati- 
tia. 1661 

imylase, in choledocholithians 1661 , 
I 7 i 3 

noitnsl values W 47 
bde content, in cinbosu. biliary, 1692 
rsrduc. 1694 

m Dubin lofinson lytidron c, 1700 
tnlc pifiictit te»f. 160 

m comrnon doct oLsfructwo, 1707 

postcbolceyilectomv, 1*17 

bilirubin coiitenS 147 . 149-153 
and formi, 14 * 
in *ir»i hepafitii. 149 , 1673 
»UA.79<J 


Urine, blood ceRj, lo appendiciUi or remt 
aiseatb 1638 

ecbr, in oOury onluMts 2691 
in bOury otntncbrm. 1701 
eoppet in, 493 
in diabetes insipidas 5S0 
diastase tontem and seram amylase 
levds IWl 
nfrogen levels, 1S7 
in cutbosts, 1 36 
Kx glomciulaneptintis !4Sl 
^lucuionidc anction, H7. 149 
incontinence, 176 
after inlcslind hetoonhage. 143 
in lauDclice. acholuiic. 1 51 
duct obvtnsctson. 149, IW, 1597 
hemolyiK'. H9, 151 
liepatoccllalar, 153 
obstructive, 1 53 
normal vulncs, 1947 
pepuD. measurement. 1591 
red, sisniGcanc^ IlM 
lednncnt, cianiinatian, 1478 
urobslmoscn (see UtoUlmogenl 
solame. in panacahtis 1662 
and sboca. H3 
Uroartbtilis infectious, 1907 
(See aho Reiter's syndrome) 

Urobilin, 204 
formation, 148 
UcobSmosco. 143, 151 
in confer, 1668 
in cirrhosis cardiac, 1694 
Etblich reagent reaction. 148 
eiaction. 148. 15I, 161 
as ladei of blood datiuclion. 202 
(«e^, (nfiucnct of anubiotscs, 204 
Rormal duaniity of. 204 
m iofetiious menooudeosis, I6S3 
HI laondice, 148, 151 
as bv-cr function test, 160 
nature and souiecs, 204 
m 8chlesingera solution. HS 
III urine, iwfmal quantity. 204 
III urine and stoou, normal values, 1944 
increase following internal bernoc- 
rbage, 1273 
in viral hepatitis. 1674 
<f Uiobibnozai. 204 
UiopatM.^ttsietsvt, 1036 
ncurotemc. 1036 
and ptolcov infeetwos 933 
and pjclonephniis. 1036 
m tabie* dortalts, 1075 
UfoporpbyTin, />9 
tests 761 

Utoporrhyrio isomeTase,739 
yroporph)Tinogen, 759 
Urotropin, 1035 
Uiticaia, 1266. 1267 

from Cnscofolsm. 1936 
paralar. 83 
from msect bites 84 
prurstns us. $4 

Urticana piementosa, dmical and labora 
lory nnomjs 79 
raasl cells m, 79 
Urumavsms, 1194 

VJta (see Lesshntansasis American mucoco- 

iapeoufi 

Uterine bfceornj. abnoniul. 677-678 
fuoctronal, 6/S 

Uterus, colonic cancer mvauoR. 1654 
mctastjscs Iroit, 1697 
re*roversion e^ecton mfcttility. 685 
lamon. 677 

UU (»cc Umbilinoqen. in uime) 

Uveitis, broccllovli and, 417 
III ciytliesna mut’itoraic. 1924 
in rbcunu'oiJ aithntn. 1910 
lcnorlaunomand.417, 1209 
U* eopafotid fever, 1247 


Vaccination, epidemic typhus, 1106 
influenza, 1125 
measles, 1139 
mumps, 1183 
pertussis, 957 
plague, 969 
poliomyelitis, 1147 
rabies, 1131 

Rocky Mountain spotted fever, 1100 
smallpox, 1 163 
"triple." 937 
tularemia, 965 
viral diseases. Mil 
yellow fever, 1183 
Vaccine, anlbrat, 975 
atbos Vitus encephalitis, 1156 
BCG, 1019 
eliolerj ^953 
epidemic typhus, 1105 
influenza, 1125 
measles, 1139 
mumps. 1183 
perlussii. 957 
plague, 969 
poliomyelitis, 1147 
"ijiiadru^tej” 957 

Rocky Mountain spotted fevti, IJOO 
Salk. 1147 
Semples. 1151 
jhiccIla.Osl 
TAB, 946 
futaresnia. 965 
typhoid, 946 
virus, ifll 
yellou- fever, 1185 
Vaeeinia, 116^1166 
eongenital, 1166 
fjnncnous. 1166 
tiih. U 65 

tieatoient, 1166 

virov. 1165 

Vaccinia cangrcncisa, 1186 
V’aeeinoidieaetion, 1165 
Vapmtis, atrophic, 10 bjoreti’f syndroine, 
191 / 

Candida albicans, 1062 
Vagotomy, after gutric surgery, 1606*1607 
m pancreatitis, 1666 
Vagus nme, i9>»197 


and f. 

Valley fever. 1057 

tSee also Coccidmulomycosis) 

Valsalva maneuver, 649 , ls 49 
blood pressure and, 1349 
k'alvular disease of heart (valvulitis), ac* 
quired, 1433 -H 43 , 

chronic, and baetaial endocaroila. 10 ’’ 
ui Ilurlci syndrome, 1889 
m lupus eiy^bematosus, 1894 
in rheumatoid arthritis, 1909 
with rupture, 1043 
VaKutat me, calculation of. 95 
Vampire bat and rabies. 1 1 50 
Vancocin (Vancomytin), 877 
Vancoravcin (Vancoein), 877 
van den Bergh reaction. I 47 -I 4 S 
V'ander Ifoeve’t disease (ree Osleogene"* 
imperfecta) 

Vaquer disease, 1307 
Vaticelb. 1166-1168 
as cause of Imkrmoid picture, 1331 

f mgtewius. 1167 
cmonliagie, 1167 
inclasion bodice 1168 
pneumonu. 1167 
m ptcgntncT. 1168 
relationship lo herper zoster, 1166 
trcltment. 1168 
vmjv,lJ 66 
Varifosc veins, 1374 

Vandaie (Streptokinase Streplodornaie), r" 
empyema, 891 
Varwla, ll 63 

(Sec aiu) Smallpox) 

VirioU hrmorrhacica, 1164 
VaisoVl raaioi. 1164 
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V'ariola minor, 1164 

Varioloid, 1164 

Vascular bruit over liver, 151 

Vascular dueasefs), bleeding, gcneralued, 

in diabeles mellitus, 637 
of eatrernilies, \36S-\?77 
dugnostic test, 1 376 
organic obstniclion, 1370-1371 
s>-mplotns and signs. 1368-1370 
treatment, 1372-1373 
fever in, 63 

with hemolytic anemias, 1298 
hepatic, 152, 1703—1706 
chronic passive congestion, 1670 
metastastic invasion, 1697 
hypertensive, 1346-1360 
(See also Hypertension! 
in infectious mononucleosis, 16S2, 1683 
Vascular retinopathy, uremia and, 180 
Vascubr system, amyloid deposits, 1696 
artenovenous shunts in portal hspeiten* 
Sion, 155 

bibary-intestinal anastomosis, 1714 
in CruveilhierBaumgarlen syndrome, 
1704. 1705 

and hemochromatosis. 1684 
portocaval shunt, 1689 
and gastric secretion, 1594 
and hepatic coma. 157, 1690 
relation to aging, 44l 
in ulcerative colitis, 1657 
Vasculitis, acute glomerulonephritis and, 
14M 

allergic (see Polyarteritis nodosa) 
nodular, 1925 
m ridettual diseases, 1093 
VasodiUten in cerebnt thrombosis, 1772 
Vasomotor rhinitu, 1260 
Vasopressin (see Antidiuretic hormone) 
Vasopressor effect of postenor pituitary ex- 
tracts, 573 

Vasovagal attacks (anxiety), 391 
Vasovagal syncope, 305 
VDRLtest, 1077 
Vectorcardiogram, 510 
k'eins, functional disorders, 1 374-1 375 
(See also Vascular disease) 
great, anomalits of, 1432 
varicose, 1374 

Vena cava, inferior, thrombosis, 1703 
and portal blood shunt, 1689 
Vcnescrtion, heart failure and, 1 390 
Veneauelan equine encephalomyelitis, 1193 
Vcnoconstnction, venous pressure and, 98 
Venography, 1 376 

Venoms, diseases caused by, 1239-1246 
Venous distention, heart failure and, 

1381 

Venous pressure, blood volume and, 93 
heart failure and, 98, 1 381 
orthopnea and, 93 
venoccnstnction and, 98 
Venous pulse in retina, 419 
Ventilation, dyspnea and. 106 
Ventilation perfusion relationships, 111 
disturbances m emphysema, 1 520 
Ventricular aneurysm, myocardial infarc- 
tion and, 1454 

Ventricular diastolic pressure, rise tn, 97 
Ventricular dilatation, x-ray and, 1406 
Ventricular emptying, distinction from 
ventricubc output, 96 
relation to heart failure, 96 
Ventricular failure, relation to heart failure, 
100 

Ventricular EhriHalion, 836. 1402 
Ventricular filling loads, distinction from 
flow loads, 99 

Ventricular function curves, 96 
Ventricular hypertrophy, congenital heart 
disease and. 1415 
x-ray and, 1406 
(See also Heart, hypertrophy) 

Ventricular tmiscle, depolarization, 501 
excitation, 501 
repoianzation, 503 


Ventricular oulpot, distmetnn from ven- 
tricular emptymg, 96 
Ventiicutar piepondenace, electrocardio- 
gram and, 503 

Venlneular septal defect, 1424 
hemodynamic mcasnreincnts, 1421 
in combination with other lesions, 1424 
Ventricular tachycardia (see Tachycardia) 
Ventriculography in brain abscess, 1048 
V'eratrum alkaloid^ reactions associated 
with. 1273 

Vcrdohemoglobiri, 203 
Verruca vulgaris, 1174 
Verrueae. 1174 
(Sec also Warts) 

Verruga peruana, 976 
(See a/so Bartonellosis) 

Versene (EI>TA) as antidote for poison- 
ing. 812, 8)4 

Vertebra(c), deformities, metabolic bone 
disoraen in. 702 
fiactUTcd transverse process, 49 
fractures, 49 

malformations. 1729-1732 
tumors. 1570 
Vertigo, 276-280 
definition, 276 
in epilepsy, 333 
neurologic basis, 278 
types, 2/7-278 
Vesicles of skin, 74 
in ehickenpox, 1167 
in herpes simplex, 117) 

■a herpes zoster, i169 
morf. 1174 

in pemphigus vulgaris, 1928 
ifl ringworm of feet, 1937 
Vestibular neuronitis, 279 
Vibration, sense of. testing, 264-265 
Vibrio comma, 951 
(See atsoChotera) 

Vibrio /etos. 971-972 
Vibrion septrqvc, 995 
Vibnosis, 971 

(See also Vibrio fetus) 

"Violm string adhesions,” 929 
Viomycin in tuberculosis, 10)0 
Viral diseases, acute glomerular nephritis 
and. 1479 

of central nervous system, 1135-1156 
enteric, 1128-1155 
of eyes. II75-I176 
of lymphoid tissue, 1177-1179 
respiratory, 1114-1)28 
of skm and mucous membranes. 1 1 57- 
1175 

systemic, miscelbneous, 1180-1195 
Viral meningitis (see Meningitis, aseptic) 
Viremia, in dengue, 1188 
in herpes simpler, 1 172 
in measles, 1)58 
in poiiomyclihs, 1 141 
in smallpox, 1 165 
Virilism, adrenal, 623-625 
Virilization, 571 
masculinizing tumors, 679-680 
Vifiliztng syndrome, 676 
Viropexis, 3109 
Virulence, 862 
Vinis{c$). 1109-1114 
Apeu, 1194 
'.rthropodbe 

encephalilu, 1,^ 
tabulation, )193 
classification, 1112 
Colombia SIC 1195 
and diarrhea, 139-140 
eclipse, 1109 

encephalomyocaidibs, 1195 
enteric, 1129 

clinical disorders piodoced by, 1129 
in etiology of neoplasms, 444 
hepatitis caused 1670-1672 
Ilheus. 1194 
immunity to. 1110-111) 
incomplete 1109 
isobtKm of specific, 1670. 1671 


Virus, Itaqm, 1194 
iMantuba, 1194 
Mayaio, il94 
measles, 1157 
Mengo, 1195 
MN, 1195 
nonmfeefious, 1109 
Ntaya, 1194 
Oriboca, 1194 
parainfluenza, III5 
Pawassan, 1193 
recombination, 1109 
resistance, chemical, cold, and heat, 
1671 

and respiratory disease, 1114 
respiratory syncytial, 1115 
Rnssian tick-bome complex, 1156 
SaUsbuty, 1115 
salivary mand, 1183 
Semliu Forest, 1194 


and vaccines, 1111 

Venezuelan equine encephalomyelitis, 
1193 

Wessrfsbron, 1194 
yellow fever, 1184 
Zika. 1194 

Visceral brain, 269-270 
Visceral larva migrans. 1218-1219 
Visceral pam, 124-125 
Viscus. ruptured, peritonitis and, 42 
Vision, esammatioo of, 417 
Visual disturbances, 416 
drugs and, 417 
ncurologjc, 284-286 
agnosia, 286 
amaurosis, 286 
amblyopia, 266 
field defects. 285 
nyctalopia, 2S6, 548, 549 
Visual fields, defects of, 416 
Visual hallucinations tn epilepsy, 332 
V'isual loss, progressive, syndrome of, 1671- 
1872 

Vital eapacity, 107 
timed, 103 
Viiamm A, 548 
and aiopena, 66 
m biliary cirrhosis, 1693 
m biliary obstruction, 1708 
management, 1714 
blood concentrations of, 549 
excess of, >50 
scrum, normal values, 1944 
Vitamin A deficiency (see Avitaminosis A) 
Vitamui B complex, in gastric obstruction 
management, 1603 
syndrome, oral Signs, 15S2 
Vitamin B deficiency, in neurologic dis- 
orden, 1839 
tongue in, 1581 
Vitamin Bi deficiency, 53S 
Vitamin B^, absorption, m gastritis, 1619 
biochemistry, 490 
in Ijennec’s cirrhosis, 1685, 1657 
ID megaloblastic anemia, 1635, 1637 
metabolic functions of, 12S2 
nature of, 1281 

■n pernicious anemia. 490, 1285 
postgastrectomy, 1617 
structure, 490 

in subacute degeneration of spinal cord 
and brain, 164^1847 
Vitamin C, relation to folic acid, 541 
steps in depletion of body stores, 539 
tissue content, 539 
Vitamin C deficiency, 199 
purpura in. 223 
Vitamin D, 550 
absorption, in pancreatitis. 1665 
m biliary obstruction. 1708 
management, 1714 
and bone raetabolisni, 690, 697 
for Fanconi syndioine. 749 
m hypopliosphatasia, 720 
in oDstnictive jaundice, 164 
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Vitamin D. in ostcomatacia. 710 
paratlmoiJ hormone and, 697 
Viumm D deficiency (see Avitaminosis D) 
Vitanau D intoxicjtiati (U}pcc\itacnmiKis 
D), 55J-554 
with ii)droccpIuluS, 30J 
hjpcrparathyroidisin and, 607 

in cstcoiTi3\atia, 

Vitamin D resistance, 553 
Vitamin D-resisbnt nckcls (see Rielcts) 
Vitamin D, (calciferol), m bone metab- 
olism. 697 

in hypoparatli>roidism, 603 
Vibmu) D, jaetintcd 7-deliidrocliotes- 
teiol), in bone metabolism, 697 
Vitamin aeficicncv, HI, 15S1 
m biliary cinhosis, 1693, 1702 
in chrome gastritis, 1618 
fat-soluble sitamins, HI, 1693, 1708 
in melanosis. 7S9 
oral signs, 1531 
postgastrectomy, 1617 
(See s/so Nutritional deficiency) 

Vitamin C in biliary obstruction, 170S 
management, 17H 
Vitamin K, 554 

absorption, in biliary obstruction, 1708 
III pancreatitis, 1665 
m bilury obstruction, 17M 
m gallstone management, 1714 
in laundite, 1714 
and tiier protein jynthesis, 162 
nature and (unctions of, 22S 
poilgastrectomy therapy, 1618 
101 prolbronibm levels, 161, 1693, 1702, 
1714 

N'ltamtn K delieiency, modes of develop 
mcnl, 225 

Vitamins, fat soluble, oeficiene), in biliary 
cirrhosis, 1693 
in biliary obstruction, 1703 
and siiin pigmentation, 1693 
m steatorrhea. HI 
lipid-soluble. 548-554 
preparation for ulcerative colitis, 1651 
storage of, 536 
supplementary, 536 
in cirrhosis, 1683 
Vitili20,788 

and melanotic pigmentalioo, 1692 
Vitreous, detachment, 415 
veils m, 413 

Vocal cord, amyloid nodule of, 1514 
paralysis of, 1514 
singers' nodule of, 1514 
Vogt hpielmeycT disease, 419 
Volvulus, cccal, 1656 
and coloiivc obstruction, 1657 
and intestinal obstruction, J633 
decompression, 1636 
sigmoid, 1656 
tumor production. 3656 


m appendicitis, 1>6, I6s6-I( 
in bvlaiy colic, 1694, 3710 
m biliary disorders, 1707, 1716 
blood (see Hciiiatcmesis) 
in brain tumor, IS16 
cccal vobnlns, 3656 
m cerebral licmorthage, 1782 
in cholangitis, 1705 
in cholecystitis, 1711 
m cliolcdocliolitiirasis, 3713 
and diarrhea, 1 39 

(Iiflercnliat diagnosis, 137, 1637, 1638 
of painless. 1 579 
in dilatation of slomath, 3613 
drug traction, 156. 157 
in Dubin Johiiion syndrome, 1700 
duodena! motor abnormality, 1625 
m dui^cnal nkci, 3594 
epidemic, 1 57 

and csophagea! stricture. 155 
and esophagitis, 153, 1555, 1586 
and gallhlidder colic, 1597 
inc bile content after. 1 37 


Vomiting, arid gastric bleeding, 1602 
m givtiic cancer, 137. 1615 
in gastritis 1618, 1619 
ui gastmcnteciU^ 1633 
m gloiDensloncpnntts, 919 
in heart failure, 136 
in hepstilis, 1673. 1675 
Ivuc, 3630 
in bysicna, -fOO 
and indieestioii. 124, 1579 
chrome, 13^ 137 
postpiaivdial, 126 
m infehions disese, 136, 137 
in inlesUna) obstruction. 137, 1633-1635 
partial. 127 

and labyrinllime dutuibancc. 136 
m liver disease. 153, 1579.1673, 1675 
and Mallory-W'eiss qndrome, 15S9 
mechantsm concept. 135 
and inelena. 143-145 
mebbolic alkalosis from, 473 
in metabolic dimdcts, 136. 137 
in micotic mfrctions, 1622 
ami nausea, 1 34-1 37 
(See also Nausea) 

tn nervous system disorders, 136, 137 
after opiates. 1716 

and pancreatic disease, 1660, 1662, 1667 

parenteral feeding. 1678 

penslalsiv, reverse, 155 

pemwioos, of pregnancy, 136 

and pharyitgeai imtaiion. 156*137 

and postnasal discharge, 1 37 

in pregnancy. 156. 137 

T»oi«iJe. 135. 136 

prolapse of gistcic mucosa, 1622 

psycnogcnic. 156, 137 

in pylephlebitis, 1705 

in nylorie stenosis, 1623 

and pyogenic abscess, 1698 

se!f-ii|duced, lor epigasiiic i^in relief, 

stimuli for, 135 

after subtobi gastiK resection, 1606 
m uretivia. 136. 137, 160 
in yellow' fever. 1185 
V'omitus. m intestinal obstruction. 137. 

1654 

in mycotic infections, 1622 
and ulcer, 157 

Von Cconomo's disease, 1 1 53 
(See also Cnecpliahtis Icthargica) 

V'on Culenberg's disease, paraniyotonii, 

736, 759. 741 

Von Ciake’s disease, 772, 1464, 1670 
ciirbosu. 1695 

congenital heart disease and, H33 
hvpotonva, 1759 
Von Ilippel s disease. 1755 
Von RecLlin|liauscn‘s disease. 7S9 
liypcfpsralhyfoKlisni witli, 605 
neuroiibsoroatosis, 1731 
Von WiBcbrand s disease, 1 317 
Violik's disease (see Osteogenens imper- 
fecta) 

VuHa, mcbnobbstic cells, 788 

W'atlenberg’s syndrome, autonomic dis- 
Older. 271 

Warthin rinekeldey Cells, 1159 
Warts, 1174 
cilect on nail groirtb, 87 
fildoim. 1 174 
Sat. 1174 
iieatment, 1174 
Wasp sting, 1242 

Wassermann reaction, lupus erytliematosus 
and, Ib93 

polyarteritis and, 1893 
tropical (OSDiophflia and, 1 556 
SVassermann test, 1077 
kk'ater, ascitic fli^^tasma exchange, 1 54 
body, 188 

deficit, «>tonic,460 
esebanges etteirul, mdi electrolytes, 
455-456 


Water, exchanges, internal. 450-455 
ecrction, incc!iam<m, 167 
isotonic deficits, 460 
Water, loss, 4 59-460 

in excess of swiiiim, 459 
replacement, esophageal varex bleeding, 
1683 

yn licpatit tema. 34fW 
retention. 154. 183 
and edema, 1 55 
after prednisone, 1683 
Water intoxication from enemas in small 
children, J641 
Water losing neplintis. 171 
Water lest, normal values, 1945 
Watcrliousc Fndetichsen syndrome, 223, 
925 

in Addison's disease, 613 
m adrenal hemorrhagr, 616 
mil influenae infections, 955 
in Afmia po/yinorplia infections, 972 
Wax crayons as cause of ^lethcmoglobln^ 
mu. 1311 

Weakness, 353-396 
ditTcrential diagnosis. 388-389 
in Dubin-Jolinson ryndrome, 1700 
sn Inct discsse, 152, 1686 
m Laenncc's cirrhosis, I6S6 
in prolapse of gastric mucosa, 1622 
m viral hepatitis, 1671 
Weber Clnistisn disease, 1699-1909 
treatment, 1900 

Weber reelmer law, pam and, 15 
Weber’s syndrome, 246 
Wedge pressure (see rulmonary capillary 
pressure) 

'k'EE (sec W’esfeni criume cneeplialitis) 
Wegenei’i granulematesu, 1900-1901 
tratmenf, 1901 
Weight, 1S7-201 
ftucliuhoni. 194 
ideal, maintenance, 197 
loss. 197 

from ammo acid deficiency, 198, 199 
and cancer. 1615, 1620, i654, 1667, 
1668. 16^7, 16'i3 
and cardiospasm. 1537 
m eohlu, 1648 
and diarrhea. HI 
4Wl 1619 

miner disease, 152. 1673, 1697, 1698 
from mineral deficiency, 193. 200 
m pancreatic disease, 1665, 1667 
prolapse of gastric mucosa, 1622 
pylonc stenosis, 1623 
and p^ogeme abscess. 1698 
in regional enteritis. 193, 1623 
in sprue, 198 
m sbrvatinn, 197 
from total caloric and protein defi 
cicncy, 19S 
in tuberniosis, 1904 
and tumors, 1620, 1633 
in undcmutrition, 197 
from vibimn deficiency^ 19S, 199 
metabolism related to, 190 
Dornul, 187 
in obesity. 191-197 
bbles, 167 

Weil Peux raetion, 1094 
Writ's disease, 1085 
(See also Leptospirosis) 

33'erdnig Hoffmann's disease, 247, 1732, 

1739 

Werlhofs disease, 1313 
Wernicke’s aphasia, 347 
Wernicke's disease, 1839 
Wessdsbron virus, 1194 
West Nile fever, 1191-1192 
meningitis in, 1192 
serologic reactions in, 1 192 
virus. 1191 

Western etjume encephalitis, 1155 
Wheals, 74 

Wheeling, bysiinosis and, 1548 
cardiac, 113 
significance, 103, 110 
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WTiipIajh iniurj'. 54 
Whipple’s disease, 141, 555. 1631 
and arthritis, 1917 
Whipple’s triad, 662 
Whipworm infection, 1219 
WTiiffield ointment, 1938 
Whitlow, 1030 

"Wicketwotk” of collagen, in EWetsDanlos 
syndrome, 1686 
\Vliooping cough, 956-958 
(See also PettussssJ 

Wickham’s striae m lichen planus, 1581 
Widal test in typhoid, 942 
Wills’ factor, 1286 
Wilms’ tumor, 1506 
difierential diagnosis, 635 
Wilson’s disease, 755, 1670, 1852 

(See also Hepatolenticular degenerabon) 
WinAcl's disease, 931 
Winiwarter Buerger’s disease of brain, 1791 
"Winter vomiting disease," 1134 
Winteibottom’s sign in bypanosomiasis, 
1206 

"Wire loop” lesion, 1894 

^\^olff Parkinson-White S)Tidrome, 1402 

Wolffian system, 664 

Wood’s light in diagnosis of bnea capitis, 
1939 

Woolsorfer’s disease, 973 
(See also Anthrae) 

W'ord blindness, 378 

Word deafness, congenital, 378 

Work of breathing, 109 

Worms (see Helminthic infections) 

Wryneck. 57 

W'uchercna mafayi, 1223 

WuchercTusis, le23 


Xanthochromatosis. 578 
Xanthoma, in essential hypetlioidemia, 779 
in hepatic failure, 1692, 1693 
methyltestosterone effects, 1693 
Xanthoma disseminata. 783 
Xanthomatosis, 778-783, 790 
mbilury cirrhosis, 15a, 1692. 1693 
in Niemann-FieV disease, 780 
Xanthopsia, digitalis and, 1338 
Xanthurenic excretion as sign of pyridoxuie 
deficiency, S3S 
Xcoodiagnosia, 1203 
XcnopsyTla cliconit, 967 
m munne typhus, 1103 
Xeroderma, 549 
Xeroderma pigmentosum, 72 
and skin cancer, 444 

Xerophthalmia in avitaminosis A, 54S, 549 


Xerostomia, 1582, 1917 
X-ray, in achalasia. 132 
of bile ducts, 170S-17I0 
in biliary dysktncsia. 1617 
of biliary tract. 1708-1710, 1713 
in cancer, 1615. 1646, 1654, 1668 
esophageal, 132. 133, 1584 
^tne, izi 1615, ldl6, 1620 
nver, 1697 

symptomab'e screening, 1616 
in caraiospasm, 1587 
in cholecystitis. 1711.1702 
in choledocholilhiasis, 1713 
in colonic obstruction, 1657 
in diaphragmabc hernia, 129, 1585 
of divcrbciilain. 1588, 1646 
Meckel’s, 1625 
pharyngoesophageal. 133 
in duodn^ stasu, 1626 
in duodenal ulcer, 1597 
esophageal, 132, 1584 
diverbcula, 1583. 1589 
motor function disorders, 1588 
obstruction, 132 
rupture. 1589 
spasm, 133 
stricture, 133 

of gallbladder. 131, 1708-1710 
gastromtestinm, 128-132, 165 
m acute dilatation, 1623 
in constipabon, 142, l43 
m diarrhea, 140, 141 
in hemorrhage, 1600 
interpretation, 1579 
tumors, 1620-1621 
in laundice, 1708-1710 
in lives duease, 16^ 1697 
of lungs, abscess. 1555 
mulbpie nodules. 1509 
nodular lesions. 1509 
in pulmonary disorders, 1 509 
sinsle nodules, 1509 
table of puzzling shadons. 1 509 
in lymphosarcoma. 1632 
10 meocolon. 1641 
in mclOTa, 145 

of mouth, and osteomalacia, 1 582 
in pancreatitis, 1662. 1664, 1668, 1669 
in pytonc stenosis, 1623 
in pyogenic abscess. 1699 
radution iniuiy. 850. 854 
of stomach, 1615 
w cYphOts, 1622 
in ulcers. 16^0, 1611 
crata. 1597. 1599 
duodenal, 1597 
X-ray therapy, in acne, 1931 
m cancer, 1656 


Xray therapy, for duodenal ulcer, 1599 
in dysphagia, 1584 
in enteritis, 1630 
in gastric acidity, 1 599 
for gistnc ulcer, 1613 
t)-XyIose absorption lest in sprue, 559 
D-Xylose excretion in urine, normal ntues, 
1947 


Yaws. 1032-1083 
"crab,” 1093 
gummas, 1083 
immunity to lyphiliJ, 1033 
mother yau, 1DS3 
serologic reaction, 1083 
beatment, 1033 

3'ea5t, autolyzed, in tropical rnaaoofic 
anemia, 1286 

Yellow atrophy (see Liver) 

Yellow fever, 1184-1186 
"black vomit,” 1185 
lungle, 1184 
mosquito as vector, 1184 
prevention, 1185 
sylvan, 1184 
treatment. 1185 
urban. 1184 
vims, 1184 

french neurotropie slnm, 1195 
ncorotropic. 1164 
panbopie. 1184 
17 D stnin, 1185 
viicerotropic, 1164 
Yellow V ision, digitalis and, 1 3S8 
Young female syndrome. 1367 
Yttrium in bone metabolum, 700 


Zenker’s diverticulum, 1 32, 1 583 
Zika virus. 1194 
Zinc, biochcniistry. 4S9, 494 
m blood, 494 
II bodv,494 

chcniial pathology, 495-497 
p’ siology, 494 
su.iiiii, 49>'-496 
'ucrtase, 495 
iiiertase, 496 

Zinc c'jntammc protein, 495 
Zmt insulin, 495 
1^1 1 uicm complexes, 494, 495 
Zip', ixntcins, 494-495 
Zinc .lia’c turbidity lest of liver, normal 
1944 


Zinci 
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Zolli ‘ger Cllison syndrome, 141 
Zona (see Herpes zoster) 



